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GEOLOGY OF THE STATE OF MORELOS AND CONTIGUOUS AREAS 
IN SOUTH-CENTRAL MEXICO

By Carl Fries, Jr.

ABSTRACT
The area described lies in south-central Mexico and 

embraces all but the southeastern corner and easternmost 
border of the State of Morelos, the second smallest State 
in the Mexican Republic. It includes small contiguous 
parts of the State of Mexico, in the northeastern corner, 
and of the State of Guerrero in the southwestern corner. 
Limiting geographic coordinates are 98045‘ to 99°39t west 
longitude and 18018‘ to 19°08’ north latitude, the northern 
boundary being only 35 km. south of Mexico City, capital of 
the Republic. The geologic map does not cover the entire 
rectangle outlined, but is irregular in form and measures 
roughly 4150 sq. km., three-quarters of it representing two- 
thirds of the State of Morelos and the rest lying outside 
the State.

The region ranges in altitude from 730 m. above sea 
level at Iguala near the south edge of the map, to a general 
level of about 3000 m. at the north edge, although indivi
dual peaks rise to 3900 m. and Popocatepetl Volcano, a few
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kilometers east of the northeastern border of the map, 
rises to 5452 m. above sea level. Annual rainfall ranges 
from a minimum of about 640 mm. in the low country, to 
1200 mm. and more at altitudes above 2000 m. Most of it 
falls in summer between June and September. Winter frosts 
are rare below 1800 m. The climate is of savanna to steppe 
type; soils are thin and may be classified as belonging to 
the tschernosem group, with strong development of calcar
eous evaporites (caliche) at altitudes below 1800 m.

The northern border of the area forms the southern 
half of the late Pliocene to Recent Neo-volcanic Belt of 
basic volcanism that crosses Mexico in the direction H. 80° 
W., and thus has constructional topography. The rest of 
the area belongs to the Balsas Basin physiographic province, 
which is characterized by maturely dissected terrain tribu
tary to the large Balsas River. All but the southwestern 
comer of the area drains southward via the Amacuzac River 
into the Mexcala-Balsas River, and thence westward into the 
Pacific Ocean. The southwestern comer drains directly into 
the Balsas River via the Iguala River. Local relief is of 
the order of 300 to 600 m. The mature topography was partly 
buried by late Pliocene alluvium in the central part of the 
area, owing largely to local volcanism. Dissolution of lime 
stone, dolomite, and anhydrite of the Cretaceous formations 
has produced sinks and poljes, some of which contain small 
lakes. Other karst features are also common, such as caves.



caverns, underground rivers, and surflcial lapies or karren. 
Drainage blocking by lava and polje development in late 
Pleistocene and Recent time produced new alluvial flats in 
this otherwise dissected region.

The oldest rock unit in the region is the Taxco 
schist series of late Paleozoic(?) age. It was folded, me
tamorphosed, foliated, intruded by dikes, and strongly ero
ded before the next unit, the Taxco Viejo green volcanic 
series of Late Triassic(?) age, was deposited. Another per
iod of metamorphism and erosion followed before the calcar
eous clastic sediments of the Upper Jurassic(?) Acahulzotla 
formation were laid down. The next unit consists of the 
partly phyllitic calcareous shale of the Aeuitlapan forma
tion, which is of Neocomian(?) age and rests with at least 
disconformity on the Acahulzotla formation. The overlying 
Aptian-Barremian Xochicalco formation of thin-bedded lime
stone appears to grade upward from the Aeuitlapan formation, 
locally, but it seems to be unconformable elsewhere. All 
these units have small outcrops in the area mapped and were 
not studied in detail.

Warping and erosion occurred before the overlying 
Morelos formation began to accumulate in early Albian time. 
The basal member is anhydrite in the eastern part of the a- 
rea mapped, but limestone and dolomite were deposited else
where. The formation consists largely of shallow-water cal
careous bank deposits, with a maximum thickness of about 900
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m. Deposition ceased in early Cenomanian time and further 
warping occurred, possibly accompanied by intrusion of the 
Coxcatlan, Buenavista, and Colotepec granitic stocks. The 
next formation consists of the Cuautla limestone of Turon- 
ian age, which rests disconformably upon the Morelos forma
tion. It represents a thick calcareous bank (750 m.) in 
the eastern half of the area mapped, but westward it wedges 
out and interfingers with the overlying calcareous clastic 
sediments of the Mexcala formation, which may be of latest 
Turonian age at the base in some places and of early Gonia- 
cian age elsewhere. The Mexcala formation is at least 
1200 m. thick and accumulated until Santonian or possibly 
Campanian time,'when the region was uplifted and was not 
again submerged.

A period of strong folding occurred probably in 
early and middle Eocene time, concomitant with the Laramide 
folding farther north. As folding tapered off, intrusion of 
dikes and stocks, strong faulting, and extrusion of basic 
lavas began, accompanied by accumulation of thick (more 
than 2000 m.) clastic deposits of the Balsas group on down- 
faulted blocks in latest Eocene and early Oligocene time. 
Rhyolitic volcanism then commenced in the south to form the 
Tilzapotla rhyolite series, and intermediate volcanism soon 
began all over the region, forming the Tepoztlan formation, 
Buenavista volcanic series, Zempoala andesite series, and 
other Undifferentiated volcanic rocks, all of latest Oligo-
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cene to earliest Pliocene age. Local unconformities de
veloped between the units, and dikes and small stocks were 
emplaced here and there.

Renewed faulting, outbreak of Nevado de Toluca (XI- 
nantecatl) and Popocatepetl Volcanoes, and accumulation of 
the Cuernavaca formation followed in middle and late Plio
cene time. Basaltic volcanism then began in the Neo-vol
canic Belt and cut off drainage from what is now the upper 
Lerma valley and the former Mexico valley, reversing drain
age in the former and turning the latter into an endorelc 
basin. Deposition of the Cuernavaca formation was halted, 
and the basaltic range along the northern border of the a- 
rea was built. The Neo-volcanic Belt is thought to be a 
part of Menard's Clarion fracture zone of the Pacific Ba
sin, as already suggested by him, but its age inland is not 
believed to be older than middle Pliocene. The belt is 
thought to represent the surficial expression of incipient 
left-lateral transcurrent faulting in the subcrust. Activ
ity continues along it to the present day.
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INTRODUCTION 
Location and access

The region described in the present report lies in 
south-central Mexico and has limiting geographic coordin
ates of 98045' to 99°39' west longitude and 18018‘ to 19o08‘ 
north latitude (see pi. 3-A and fig. 1). Its northern bor
der is only 33 km. south of the center of Mexico, D. F., 
the capital of the Republic of Mexico, and its southern 
limit is 95 km. farther south. Its maximum width from 
east to west is 94 km. The area mapped that is included 
in the present report is irregular in outline and covers 
only about half the terrain within the quadrangle fixed by 
the coordinates given. It measures roughly 4150 sq. km., 
of which some 3200 sq. km. are in the State of Morelos and 
the rest are in the States of Mexico and Guerrero. About 
two-thirds of Morelos, the second smallest State in the Re
public, is covered by the geologic map; the remaining one- 
third consists largely of the southeastern comer of the 
State, where access is difficult and air photographic cov
erage was incomplete and unsuitable for detailed mapping 
at the time field work was done. Reconnaissance traverses 
and further detailed mapping in areas not included on the 
map in plate 1 were carried on by the writer for distances 
of several kilometers to as much as 40 km. to the north,
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east, south, and west. Reference will he made to some of 
these outlying points at appropriate places in the text.

• Three paved highways lead southward from the Mexi
co Basin into the area mapped. Two of them run parallel to 
each other between Mexico City and Cuernavaca, one being a 
federal highway and the other a four-lane, divided turn
pike; the third one leads from Mexico City through Ameca- 
meca to Cuautla. From the latitude of Cuernavaca-Cuautla, 
a network of six paved highways spreads southward to the 
latitude of the Amacuzac River, where it converges and 
gives way to two paved roads leading southward to Iguala. 
Two of the highways in Morelos run parallel to each other 
between Cuernavaca and Amacuzac; the western one is a fed
eral road, and the eastern one is a broad toll road. The 
two highways leading southward from Amacuzac consist of a 
federal road through Taxco and a toll road directly to a 
point 3 km. east of Iguala. At this latter point the two 
Join and continue southward as one broad federal road to 
Acapulco on the Pacific Ocean. Several paved roads connect 
the north-south system in the State of Morelos, but only 
one leads eastward from the area mapped, starting at Cuaut
la, and only one leads westward, starting at Cacahuamilpa. 
Besides the paved highways mentioned, many dirt roads and 
trails passable by Jeep penetrate other parts of the re
gion. Few points are farther than 5 km. from a road, with 
the exception of the area between Buenavista de Cuellar and



Taxco, which is about 22 km. across and is inaccessible ex
cept by foot or horse.

Two railroads traverse the region. A narrow-gage 
road enters from Mexico City by way of Amecameca to Cuautla 
and continues eastward into the State of Puebla. A branch 
goes to Yautepee, Haitizapan, Zacatepec, and Puente de Ixt- 
la, where it terminates. The other line, a stardard-gage 
road, enters from Mexico City through Tree Cumbres to Cuer
navaca and continues southward through Puente de Ixtla to 
Iguala and thence to station Balsas on the Balsas River, 
where it terminates.

9

Culture

The State of Morelos has a total area of 4964 sq. 
km. and a population of nearly 300,000 inhabitants, making 
a population density of about 60 persons to the square kil
ometer. Cuernavaca, the capital of the State, has probably 
35,000 inhabitants or more, and Cuautla, the second largest 
city, has more than 10,000 inhabitants. Other important 
cities with several thousand inhabitants each are Zacatepec, 
Jojutla, Yautepec, Tepoztlan, Miacatlan, Cocoyoc, Puente de 
Ixtla, Tlaquiltenango, and Tlaltizapan. The part of the 
State of Guerrero included in the area mapped has only three 
cities of several thousand inhabitants or more: Iguala, with
about 20,000 people, and Buenavista de Cuellar, with only a 
few thousand people, and well known Taxco.
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The principal Industry In the area mapped is agri

culture, and second in Importance is mining. The region 
has a large production of sugar cane, which is processed 
into sugar mainly in mills located at Zacatepec, Oacalco, 
Casasano, and Cuautla. Other important products are rice, 
com, beans, tomatoes, melons, chiles, tropical fruits, 
truck vegetables, and honey. Animal products include cat
tle, sheep, goats, hogs, chickens, and turkeys. Lumber is 
obtained on a minor scale in the high mountains along the 
northern border of the area mapped. A Portland-cement plant 
is located north of Xiutepec, and lime is burned in large 
kilns south of there and near Acatlipa. Metal mining is 
carried on only in the Taxco district and east of there. 
Non-metallic minerals and stone are mined or quarried in 
different places.

The tourist industry is of considerable importance 
to the economic life of the region; probably the income 
from Mexican nationals who leave Mexico City on weekends 
for lakes, springs, rivers, and caverns in the area mapped 
is greater than that from foreign tourists. Favored points 
are springs at Cuautla, Oaxtepec, Las Estacas, Tehuixtla, 
Tlaltizapan, Palo Bolero, and Puente Quebrado; other points 
are the Zempoala Lakes, Lake Tequesqultengo, the Cacahua- 
milpa Caverns, the San Anton Falls, and the archaeological 
sites at Xochlcalco, Teopanzolco, and Tepoztlan, as well as 
the picturesque cities of Taxco and Tepoztlan. Arts and
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crafts provide another source of Income, particularly weav
ing, embroidery, basketry, metal working in silver and 
gold, ceramic ware, and setting of semi-precious stones in 
silver and gold jewelry.

Objectives

The objectives sought in making the present study 
were several-fold: 1) to define and to map the rock units 
present in a hitherto unmapped region bounding Mexico City 
on the south, 2) to learn the types and ages of folding and 
faulting that affected these units; 3) to attempt to learn 
more about the origin and age of the interior drainage bas
in in which Mexico City is located; 4) to establish the re
lationship between the structure of the pre-Tertiary rocks 
and the belt of late Cenozoic basaltic volcanlsm that 
crosses Mexico from west to east at about the 19th paral
lel of latitude, which in this area forms the northern bor
der of the map; 5 ) to obtain the broad relationships between 
the rock units, the tectonic history, and the mineral de
posits of the region; and 6 ) to learn something about the 
paleogeography of the region in Cretaceous time, as evinced 
by facies and thickness changes of the Cretaceous rocks.

A further incentive for carrying on the study was 
the need for preparing geologic excursions out of Mexico 
City for those who were to attend the International Geologi
cal Congress held in Mexico in August-September 1956, and.
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In fact, five different excursions were routed into or 
through different parts of the area mapped. Still another 
factor was the desire to have an area studied and mapped 
near Mexico City, in which a variety of rocks and struc
tures, as well as other geologic features, could be read
ily demonstrated to geology students of the National Univ
ersity and Polytechnic Institute, as part of their course 
work.

Previous studies

The writer knows of no earlier-published detailed 
description and geologic map of the region covered in the 
present report, except a greatly reduced, small-scale 
(1:50,000) map of the Taxco mining district in a report by 
Fowler and others (1948), and a detailed map of a small a- 
rea northeast of Taxco by Edwards (1955), who studied the 
early Tertiary red conglomerate in that area. The 1942 ed
ition of the Geologic Map of Mexico, as well as earlier ed
itions, shows small patches of Cretaceous rocks and undif
ferentiated Tertiary rocks on a scale of 1:5,000,000, prob
ably sketched on the basis of broad reconnaissance traverses 
made near the turn of the present century. Reports on geol
ogic features, without geologic maps, include a description 
by Barcena (1875, p. 374-376) of a species of Hlppurltes 
found near Yautepec; a brief geologic and physiographic des
cription by Sallnas-Salazar (1922) of an excursion from



13
Mexico City to Cuernavaca and the Cacahuamilpa Caverns; a 
paper by Ordonez (1937a) on the San Anton Falls over a 
basalt flow in Cuernavaca; a discussion by Orofiez (1937b) 
of the rocks and physiographic forms near Tepoztlan; a re
port by Mullerried (1944) on the rocks and fossils near Ca
cahuamilpa; a paper by Foshag and others (1946) of the 
fluorite deposits and geology of a small area northeast of 
Taxco; a description by Mullerried (1950) of Duranla cornu- 
pas tori s (Des Moulins) Parona, found in limestone at Los 
Homos a few kilometers east of Elotes, beyond the edge of 
the geologic map in plate 1; a paper by Lozano-G-arcfa (1953) 
on erosion forms at Tepoztlan; and a detailed description 
by Bonet (1956) of the Cacahuamilpa Caverns. The latter 
publication contains an excellent bibliography of the num
erous earlier papers in which Cacahuamilpa is mentioned.

History of the study and procedures followed

The writer became interested in the area mapped as 
a result of the discovery by a local prospector, in the sum
mer of 1947, of the mineral portlandite (Ca(0H)2) (Faust and 
others, 1950, p. 6l4) along the southeastern contact of the 
Cerro de la Corona volcanic neck with limestone beds (quad. 
D-7 ) which were later to be found to correspond to the bas
al part of the Cuautla formation. Abundant siliclfied fos
sils were noted in the limestone, and the locality was lat
er recommended to Carl F. Bauman, Jr., a graduate student
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at Columbia University, as suitable for a paleontologic 
study. Bauman collected silicified rudistids from the lo
cality in the summer of 1949 and described them in an un
published thesis for the degree of Master of Arts at Col
umbia University in 1950. Only two of the species described 
appear to be new, and these have been published in a sep
arate paper (Bauman, 1958).

. The discovery of portlandite and the work by Bauman 
pointed up the lack of and need for stratigraphic and struc
tural information on this region, which lies only a short 
distance from Mexico City, and the writer decided to attempt 
to define the rock units and decipher the structure in what
ever time could be spared from other duties. The nearest 
locality in which the rocks had been grouped into formations 
or mappable units was the Taxco mining district, where Fo- 
shag and others (1946) and Fowler and others (1948) had dis
tinguished and briefly described several broad units consist
ing of schist, limestone, shale, red conglomerate, volcanic 
rocks, alluvium, and several kinds of intrusive dikes and 
sills, but without naming formations or fixing their ages 
on fossil evidence. No attempt was made at first to corre
late the rocks of the area east of Cuernavaca with those of 
the Taxco district, and the two were not, in fact, tied to
gether until five years later, after formations had been de
fined in the north and could be carried southward.

The field study and mapping were begun around Cerro
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de la Corona (quad. D-7) In March 1950, on vertical air 
photographs at a scale of about 1 :30,000, which belong to 
a series of trimetrogon photographs taken in 1943 and 1946 
by the United States Air Force in cooperation with the Mexi
can Department of Defense. The trimetrogon flight lines 
run about west-northwest and are spaced generally from 20 
to 25 km. apart, although changes in direction during the 
flights make the spacing irregular between any two lines. 
Five lines of flight cross the area mapped; the northern
most one is over the Morelos State line north of Cuernava
ca, and the southernmost one is over Lake Tuxpan near the 
south end of the map in plate 1. The oblique photographs 
of the trimetrogon triplets were found to be difficult or 
even impossible to use for detailed mapping in most places 
(see pis. 4-7 for examples of these photographs), and ver
tical photographs were obtained from other sources as they 
became available during the course of the work. '

The most extensive group of vertical photographs 
used consists of more than 1100 photographs on a scale of 
about 1 :12,500 covering the terrain from the latitude of 
Cuernavaca (quad. C-6) southward to Tehuixtla on the Ama- 
cuzac River (quad. H-5), and from the longitude of Yautepec 
(quad. D-8 ) westward to Cuernavaca, with a further extension 
westward to the town of Amacuzac (quad. 0-4) at the south 
end of the area flown. The flight was made by the Cfa. 
Mexicana Aerofoto in 1941, for the Banco Nacional de Credit©



Ejldal, over lands producing sugar cane processed in the 
mill at Zacatepec. The company mentioned had made an un
controlled mosaic on a scale of about 1 :18,000, to which 
all the data from the individual photographs were transferred 
and which served as a nucleus around and to which were added 
areas mapped on other photographs.

A series of 58 vertical photographs in a belt about 
8 km. wide extending from Huitzilac (quad. B-5) eastward 
to San Agustfn (quad. 0-9), at a scale of nearly 1:20,000, 
served to fill in the area between two trlmetrogon flights. 
These photographs were taken in 1951 by the Cartographic De
partment of the Mexican Army. A mosaic on a scale of 
1:10,000, made by the Cfa. Mexlcana Aerofoto in the early 
40ls for the Pena Pobre paper plant in Mexico City, was 
used for an area 12 km. long from north to south by 6 km. 
wide in the northwestern corner of the map in plate 1. A 
flight line of vertical photographs at a scale of about 
1:15,000, taken by the Cfa. Mexlcana Aerofoto in 1953 along 
the highway north of Tres Cumbres (quad. B-6 ), was used to 
tie together and fill in between the other photographs men
tioned.

A series of 26 vertical photographs in a flight line 
from the Amacuzac River (quad. G-4) southward over the toll 
road to the Iguala valley (quad. J-2 and J-3) was used to 
map detail in that area and to tie together trlmetrogon 
flights at the north and south ends of the strip. These
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photographs were taken by the Cfa. Mexlcana Aerofoto in the 
early 501s before the highway was constructed. Three lines 
of flight containing 20 vertical photographs in a belt be
tween Km. 157 and Km. 166 of the highway near Taxco (quad. 
H-l), at a scale of about 1:5,000, were used to obtain cer
tain contacts not shown on the map by Fowler and others 
(1948) and to tie together two very widely spaced trlmetro- 
gon flight lines. This group of photographs was taken in 
1949 by the Cla. Mexlcana Aerofoto. :'

Active field work was carried on for a total of 19 
days between March and May 1950. Work was then interrupted 
and was not resumed until November 1953, when it was carried 
on intermittently until early June 1954 for a total of 45 
days. Field work was resumed on August 1 and continued un
til July 10 of the following year (1955), during which time 
60 days were spent in all. Between September 24, 1955 and 
January 7, 1956 a total of 28 more days was spent in the 
field. Thus an overall total of 152 days was spent in ac
tual field mapping, which equals six months of six-day 
weeks.

Construction of the final map was not begun until 
the fall of 1955, after most of the area had been mapped on 
air photographs, and work continued on it intermittently un
til July 1956, when a simplified version was printed for use 
in various excursion guidebooks of the International Geolo
gical Congress held in Mexico City in August and September
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of that year. Various details were added, errors were cor
rected, and the map was completed nearly in its present form 
during the fall and winter of 1956-57» and the geologic sec
tions were also constructed at that time. A suitable planl- 
metrlc base map was not available, and consequently the en
tire map was constructed from the photographs with the aid 
of a mechanical trlangulator and roughly located geographic 
coordinates of points scattered over the area. Vertical and 
oblique sketchmasters were used to sketch in planimetry and 
geology, and small areas constructed at different scales 
were adjusted to the scale of final compilation (1 :75,000) 
either photographically or with a focalmatic projector. The 
map thus contains errors in planimetric positions in some 
areas, but relationships between planimetric features and 
geologic contacts are thought to be well shown.

Special efforts were made during the first field 
season to search for and to collect as much fosslliferous 
material as could be found, for identification by special
ists and to serve as a guide in establishing the geologic 
section. In View of the rather complete siliclflcation of 
many rudistids and other invertebrates, limestone blocks 
were collected and dissolved in hydrochloric acid to re
lease the fossils contained, some of which were fairly well 
preserved. Chips of limestone for microfossil study in 
thin section, as well as bulk shale samples, were sent to 
other specialists. The results of these investigations
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permitted much more rapid advance when field work was re
sumed three years later. During the last two years of 
field work (1955-56), attention was paid mainly to micro- 
fauna in the Cretaceous carbonate rocks, and comparisons 
were made with microfauna from rocks of the same general 
age and lithology farther north and in eastern Mexico, in 
an attempt to establish the upper and lower age limits of 
the formations.

Petrographic study of rock thin sections was not 
made until late in 1955 and early in 1956. Because of the 
press of other duties and the lack of time, this work was 
done by a specialist at the writer's request. After the 
Congress in September 1956, other rocks were selected for 
sectioning and study, and a zircon concentrate was made of 
the Tilzapotla rhyolite for radiometric age determination. 
Petrographic studies of these rocks were made by the writer 
in the spring and early summer of 1958. Also during this 
latter period, studies were made of the distribution of dol
omite in the limestone, and photomicrographs of rock sec
tions and photographs of carbonate textures were made for 
illustrative purposes.

Relatively brief texts summarizing the geology of 
the area studied were prepared early in the summer of 1956 
for inclusion in excursion guidebooks for the International 
Geological Congress in August and September. Detailed road 
logs were also prepared and included in the guidebooks. The
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excursions for which these materials were used are as fol
lows : Excursions A-4 and C-2, Geology along the highway
between Mexico, D. F. and Taxco, Guerrero; Excursions A-9 
and C-12, Geology along the highway between Mexico, D. F. 
and Acapulco, Guerrero, via Taxco and ChiIpancingo, Gue
rrero; and Excursion C-9, Pleistocene volcanoes, clastic 
sediments and volcanic rocks of Cenozoic age, Cretaceous 
formations, and pre-Cretaceous basement rocks of the region 
from the Distrito Federal to the northern part of Guerrero. 
The late spring and summer of 1958 were devoted to prepar
ing the final report at the University of Arizona and writ
ing the text as here presented.
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PHYSIOGRAPHY
Relation of area to Mexican physiographic provinces

Mexico has been divided into physiographic provinces 
by various authors, each one differing somewhat in setting 
boundaries and assigning names to the relatively distinct 
geomorphlc units. The classification that is probably most 
generally used by geologists is that of Ordonez (1946), who 
takes into account geologic, as well as geomorphlc features
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to a greater extent than do other authors. According to 
the divisions of Ordonez, the area here described Is along 
the north-central border of the Balsas Basin province. The 
northern border of the area corresponds to the boundary line 
between this province and the Southern Central Mesa province, 
which merges northward with the Northern Central Mesa prov
ince and continues to the United States border Into western 
Texas and southern New Mexico. The Balsas Basin province 
extends southward about 150 km. to join the Southern Sierra 
Madre province, which occupies the region from there to the 
Pacific Ocean.

Most other authors intercalate a narrow, irregular 
east-west belt between the Balsas Basin and the Central Me
sa provinces, which has been called variously, Anahuac Cor
dillera (Virlet-d1Aoust, 1866), Volcanic Axis (Galindo y 
Villa, 1946), Tarasco-Nahua System (Zepeda-Rincon, 1941), 
Neo-volcanlc Cordillera (Robles-Ramos, 1942), Sierra of the 
Volcanoes (Garfias and Chapin, 1949, p. 83-97)> and Neo-vol
canic Zone (Williams, 1950, p. I67). This intercalated 
province consists of a belt of mainly Pleistocene basaltic 
volcanoes and lava flows, which crosses Mexico at about 19° 
north latitude (see fig. 1 and pi. 3-A). It lies between 
Mexico City and Cuernavaca at the longitude of the area 
mapped. In view of the distinctive geomorphic features of 
this belt, the writer feels that its separation from the 
other provinces is Justified. Thus the strip north of a



line between Cuernavaca and Cuautla forms the southern part 
of the Heo-volcanic Belt (see the oblique photographs in 
pi. 4 and 5), and the rest of the area mapped forms the 
northern border of the Balsas Basin province (see the ob
lique photographs in pi. 6 and 7).

Climate and vegetation

The climate of the area mapped is extremely varia
ble from place to place and depends largely upon the alti
tude. Although the highest point in the State of Morelos 
is Popocatepetl Volcano, with an altitude of 5452 m. above 
sea level, this is an isolated peak just beyond the north
east corner of the map (see pi. 1 and 4). It has a perma
nent snow cap and annual precipitation of probably more 
than 2000 mm. The range that forms the northern border of 
the map, from Popocatepetl to Cerro Zempoala, has an aver
age altitude of about 2700 m., with isolated peaks rising 
as high as 5300 m. to 3900 m. and rainfall of 1200 to 1400 
mm. In this belt temperatures drop below freezing many 
nights in the months from October to February, but they 
rise to 10° C. or higher during the day; in the summer 
months maximum daily temperatures seldom exceed 25° C. The 
lowest point in the area mapped is about 730 m. above sea 
level, at the city of Iguala in north-central Guerrero (pi. 
1 and 6). Minimum temperatures in the winter do not reach 
freezing and maximum temperatures in the summer rarely go
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as high as 38° C., mean values for the coldest and warmest 
months being 24.5° and 30.7° C. Annual rainfall is about 
1120 mm. A better measure of the climate is indicated, 
perhaps, by mean data for Cuautla and Puente de Ixtla, which 
are located in relatively large, thickly populated, bottom
lands in central Morelos. At Cuautla, for example, the mean 
temperatures for the coldest and hottest months of the year 
are 19.2° and 24.7° C., respectively, and at Puente de Ixt
la they are 20.4° and 27.8° C. Annual rainfall at Cuautla 
is only about 640 mm., reflecting its position in a lowland 
area in the rain shadow of high Popocatepetl Volcano, but 
at Puente de Ixtla it is 940 mm. Most of the rain falls in 
the region between June and September, and almost none falls 
in the months of January through March. Summer thunder 
storms may be severe and may cause considerable erosion 
damage to countryside and highways. Most of the region, 
except the high mountainous part, may be described as having 
savanna to steppe climate.

The flora of the area mapped is even more varied 
than the climate. It has been described in some detail by 
Gandara and Munoz-Lumbier (1935), whose work is here partly 
abstracted. Alpine flora generally characterizes the north
ern belt at altitudes above 2200 m., where evergreen coni
fer forests predominate. Trees consist mainly of pines, 
spruce, cedar, hemlocks, juniper, aspen, and many species 
of oak, interspersed with patches of tall, tough grasses
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and ferns; underbrush is relatively sparse. At about the 
19th parallel, alpine flora gives •way in a short distance 
to tropical flora, and the two may be described as teles
coped. Trees such as two species of madrone (Arctostaphy- 
los), peru or plrul (Schinus molle), tejocote (Crataegus 
mexlcana), and capulfn (Ardlsia capolllna) become abundant 
in the forests as the conifers gradually drop out. Nine 
species of maguey (Agave) and many species of cactaceous 
plants become abundant as the trees thin out.

From the latitude and altitude of Cuernavaca fa- 
bout 1550 m.) to the south flank of the Amacuzac River the 
vegetation is of frankly tropical character, although the 
long dry season accounts for rather sparse, open distribu
tion and imparts a semi-arid aspect to the countryside; 
cactaceous plants and low grasses are common. Larger trees 
and shrubs consist dominantly of three species of huizache 
(Acacia), garambullo or fan palm (Brahea dulcis), ten spe
cies of amate (Ficus), three species of cazahuate (Ipomoca), 
two species of copal (Bursera), four species of colorin or 
pitos (Erythrlna), huamuchil (Blthecollobium dulce), two 
species of tepehuaje (Lysiloma), pochote (Ceiba aesculifo- 
lia), estropajo (Luffa cylindrical  four species of cuajio- 
te (Elaphrlum), coyotomate (Vitex mollis), cuachalalate 
(Amphlpterygnlum adstringens), two species of palo santo 
(Guaiacum), haba de San Ignacio (Hura polyandra), hormigul- 
llo (Cordia alllodora), three species of guaje (Leucaena).
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mezquite, three species of palo mulato (Zanthoxylon), two 
species of willow, tapinceran (Mimosa), salvia, and yucca, 
besides a great variety of smaller shrubs and bushes, as 
well as flowering plants and grasses. This part of the a- 
rea produces numerous fruits and other agricultural products, 
such as guayaba, chirimoya, nananche, mango, chico-zapote, 
mamey, grapefruit, orange, lemon, lime, banana, papaya, 
plum, anona, coconut, pineapple, coffee, sugar cane,- rice, 
beans, sesame seed, peanut, jfcama, chile, tomato, canta
loupe, watermelon, corn, squashes and gourds, and truck veg
etables.

The high area between the Amacuzac River and Iguala 
has vegetation similar to that at comparable altitudes north 
of Cuernavaca (1800-2000 m.), except that it has less ad
mixture of the cooler-climate species. South of this high
land, from Iguala southward to the Balsas River, the region 
is of frankly arid-tropical nature and vegetation is rela
tively sparse. Cactaceous plants become abundant and some 
areas are veritable forests of tree-like organ cactus.

Vegetal cover is almost nowhere thick, and bedrock 
is exposed right at the surface over much of the limestone 
terrain. Soils are generally thin, except in bottom-land 
areas. Caliche (calcareous evaporite) pervades the upper 
1 to 3 m. of the soil, and it forms a much thicker blanket 
in certain places; it is generally more abundant and denser 
over limestone terrain than elsewhere. Thus the area is
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subject to relatively rapid erosion, except where caliche 
forms a hard pavement.

Drainage 
Modern drainage

The northern edge of the map in plate 1 roughly 
marks the divide between the Mexico Basin of interior drain
age, to the north, and the watershed of the Balsas"or Mex- 
cala River, to the south (see fig. 1). Most of the area 
mapped drains into the Amacuzac River, which has its prin
cipal headwaters on the southern flanks of Nevado de Tolu
ca or Xinantecatl Volcano, to the west, and from there 
eastward to Popocatepetl Volcano, on the southern flank of 
the Neo-volcanic Belt. South of Jojutla and Zacatepec 
(quad. G-6) the Amacuzac turns southward and becomes one 
of the principal tributaries of the Balsas River (fig. 1), 
which is the largest river in southern Mexico. The Amacu
zac River is formed of two major tributaries, the Chontal- 
coatlan and San Jeronimo, which enter limestone tunnels as 
separate streams and emerge as a single river at Cacahua- 
milpa (quad. F-2 and i'ig. 1). The caverns at Cacahuamilpa 
are merely older, higher, abandoned underground courses of 
these two streams.

The southwestern part of the area mapped, roughly 
southwest of the Coxcatlan anticline (pi. 3-A), drains into 
the Iguala River, which flows south-southwestward into the



Balsas River via a shorter route. Some of the drainage in 
the area is underground for considerable distances and ev
entually joins the surface waters through large springs, 
such as those at Las Estacas (quad. F-7) and Fundicion,
(south of Tehuixtla on the Amacuzac River; quad. H-5).

The Balsas River flows westward and becomes the 
boundary line between the States of Guerrero and I-Iichoacan, 
and it eventually turns abruptly southward to empty into 
the Pacific Ocean (pi. 3-B). The course of this river is 
in a sense anomalous, as it crosses the dominant northerly 
structural trend of the Cretaceous rocks, thus suggesting 
superposition from a Tertiary cover, although other factors 
such as Tertiary faulting and broad arching or warping also 
entered into its development.

Pre-Pleistocene drainage

Extrusion of the basaltic rocks that make up the 
Neo-volcanic Belt, here called the Chichinautzin basalt ser
ies, had a profound effect upon the drainage system in most 
of the area mapped. The basalt blocked the southward exo- 
reic drainage of the former Mexico valley and produced the 
present endoreic basin. An attempt to show the pre-Pleisto
cene drainage, lines has been made in plate 3-B. Apparently 
two major drainage lines extended southward from the old 
Mexico valley, one approximately under Cerro Chichinautzin 
and down the old eroded San Gaspar syncline.to the Amacuzac

30



River, and the other from a point 12 km. west of Amecameca 
southward to Cuautla and down the Chinameca River valley.
The paleo-drainage course vis Cuautla was also suggested by 
Osorio-Tafall (1946, p. 148-14-9), but he attributed drain
age blocking to extrusion of andesite in Miocene time, which 
is far too early, as will become apparent in later chapters 
of this report. The present valleys marking these old 
drainage courses are anomalously broad and are patently mis
fit to present drainage.

The pre-Pleistocene drainage lines shown converging 
at Lake Tequesquitengo were much like those at present, al
though the water volume was greater. The westernmost branch 
carried drainage from the Toluca valley via Ocuilan, Mali- 
nalco, and Coatlan del Rfo, before it was beheaded by bas
altic extrusion in the Neo-volcanic Belt. The pre-Plelsto- 
cene Amacuzac River seems to have had a course somewhat 
north of the present one, and its flow was surficial through 
a pass in the limestone mountains north of Cacahuamilpa, 
near where the San Jeronimo River now enters the limestone 
tunnel (fig. l). The Chontalcoatlan River probably joined 
the San Jeronimo before going through the pass. The San Je
ronimo headwater branch of the Amacuzac River was also be
headed by basaltic extrusion in the Neo-volcanic Belt. The 
present headwaters of the Lerma River east and southeast of 
Toluca (see fig. l) drained formerly into the San Jeronimo 
and Amacuzac Rivers. This beheading further reduced water
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volume In the lower Amacuzac valley. Pleistocene time has 
been one of general incision and some superposition of the 
channels of all the streams in the area mapped. Basaltic 
volcanism has repeatedly changed local drainage patterns 
and has interrupted incision in some places.

The former connection of the waters of the Balsas 
drainage with those of the Lerma River and the Mexico Basin 
is further attested by the species of fishes now found in 
these different waters, as already pointed out by Alvarez 
(194-91 p. 40). Alvarez states that Meek in 1904 gave evi
dence that the Lerma and Mexico Basin waters were connected 
in remote times (op. cit., p. 44). Meek cited the fish gen
era Glrardinichthys and Lermichthys from present Mexico 
Basin and Lerma waters, respectively, as having a common 
ancestry. A species of Lermichthys found in the Zempoala 
Lakes is similar to a species of that genus in Lerma waters. 
The present writer believes that the Zempoala Lakes were 
separated from the Amacuzac-Balsas drainage in late Pleis
tocene time after separation of Mexico Basin waters from the 
Amacuzac drainage. In other words, at the beginning of 
Pleistocene time both the Mexico Basin and the Lerma head
waters were part of the Amacuzac-Balsas drainage basin.

Land forms

Much of the area between the Amacuzac River and the 
north edge of the map in plate 1 has extremely youthful,
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constructional or depositional topography, owing first to 
the inundation and burial of valleys and lowlands by great 
coalescing alluvial fans in late Pliocene and possibly ear
ly Pleistocene time (Cuernavaca formation) (see pi. 4 and 5), 
and second to volcanic eruptions and the extrusion of basal
tic lava in Pleistocene and Recent time (Chichinautzin bas
alt series). The period of Pliocene alluviation resulted 
in burial of much of the older mature topography and in 
production of great alluvial plains dipping from 3° to 5° 
southward, in the north, to as low as 1° to 2° in the south. 
The higher hills and ridges of the mature topography rose 
as islands out of this sea of alluvium. All earlier drain
age lines were obliterated and a new drainage system was 
established.

Erosion and dissection of the alluvial plains had 
progressed to some degree before volcanic eruptions became 
a dominating feature in the Neo-volcanic Belt. Eruptions 
and lava extrusion continued into historic time and produced 
most of the topography north of the latitude of Yautepec 
(quad. D-8). Basaltic lava flows inundated the valley east 
of Cuernavaca to as far south as the Amacuzac River, via Jo- 
jutla (quad. G-6), and thence down the river canyon almost 
to the point where the river leaves the map (quad. H-6).
The valley followed by the Yautepec River was also inundated 
for some kilometers south of Yautepec, and the valley in 
which Cuautla is located was partly flooded by basalt. The



result has been to produce broad, nearly flat floored low
lands, which have been further extended and flattened by 
alluviation from side valleys in late Pleistocene and Re
cent time. These flat areas provide the richest and most 
productive agricultural land in the region.

The northern border of the map consists of a very 
thick pile." (1500 to 2000 m.) of basaltic lavas and breccias 
which is studded with the youngest, unburled scoria and 
cinder cones, of which more than 100 appear on the map in 
plate 3-B. Much of the outcrop area of the basaltic rocks 
lacks Integrated drainage, except the flanks of the oldest 
cones and lava fields. Meanwhile, erosion continued to dis
sect the alluvial plains formed of the Cuernavaca forma
tion, to a stage between early and late youth, in which 
deep, steep-sided canyons are separated by relatively un
dissected flats.

The hills and mountain ranges that were not buried 
by the Cuernavaca formation have mature topography, with al
most no flat areas either on top or in valley bottoms.
Those formed of limestone have a generally rounded aspect, 
but those formed of shale, volcanic rocks, or pre-Pliocene 
clastic rocks are more angular in appearance and are more 
intricately dissected; the Tertiary volcanic piles tend to 
have cliffed slopes. "All the area south of the Amacuzac 
River also is of this nature. The types of land forms men
tioned are well illustrated in the oblique air photographs
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in plates 6 and 7> which show the characteristic appearance 
of the Balsas Basin physiographic province.

.Major valleys throughout the region have a general 
northerly to northwesterly trend, reflecting the dominant 
structures in the Cretaceous rocks. Most of them mark syn
clinal structures, but two conspicuous examples of valleys 
developed in anticlines are the one between Yautepec (quad. 
D-8) and Haitizapan (quad. F-7), which occupies the Tecu
min- Haitizapan anticline, as well as the one south of 
Haquiltenango (quad. F-7). Belts of Tertiary rocks also 
tend to occupy synclinal structures in the underlying Cre
taceous rocks, which more often than not still retain some 
of the Mexcala formation (youngest Cretaceous unit) beneath 
the Tertiary volcanic and clastic units. This feature is 
characteristic also of terrain to the north, east, and 
south.

The development of karst features has been impressed 
upon the major land forms described above. These are parti
cularly common in limestone terrain, but they extend out in
to areas of shale, volcanic rocks, and even poorly indurated 
Tertiary clastic rocks. Some of the largest features are 
the poljes developed in the Cuernavaca formation by dissolu
tion of the underlying carbonate rocks. The best example is 
Lake Tequesquitengo (quad. G-5); others occupied by lakes 
are El Rodeo (quad. E-5), Coatetelco (quad. F-4), and Tux- 
pan (quad. J-2). Poljes not occupied by lakes are the al
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luviated areas near Cuautlita (quad. P-4), west of Alpuye- 
ca (quad. F-5)» south of Xochitepee (quad. E-6), west and 
north of Puente de Ixtla (quad. G-5), and east of Tlalti- 
zapan (quad. Fr7). Four smaller features which might bet
ter be called sinks are located in the Tilzapotla rhyolite 
series about 2 km. northeast of Tilzapotla (quad. 1-5 and 
H-5). Small sinks are common in all the limestone terrain, 
notably in the areas of limestone outcrop between Cacahua- 
milpa (quad. F-3) and Iguala (quad. J-2). The poljes and 
sinks were formed after early Pleistocene time, considering 
the fact that they post-date the Cuernavaca formation, but 
some of them could, of course, have begun to form at an ear
lier date.

Dissolution of limestone has caused collapse of 
steep limestone slopes in many places, as well as the for
mation of underground rivers, of which the most notable in 
the area are the Chontalcoatlan and San Jeronimo, which 
join to form the Amacuzac River at the Cacahuamilpa Cav
erns. Springs arising in the dolomite of the Morelos for
mation are common; the most notable are those at Fundicion 
along the Amacuzac River (quad. H-5), with a flow of 3000 
liters per minute, and those at Las Estacas (quad. F-7), 
which taken together have probably more than twice this 
flow. On the highest limestone uplands where rainfall is 
greatest, dissolution has produced areas of lapies or bar
ren in which furrows generally do not exceed 1 m. in depth,
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but they are exceptionally as deep as 3 m. In- such areas, 
and particularly on hillsides which appear from a distance 
to be composed of bedrock devoid of soil, local farmers V  
plant crops in the soil pockets down in the furrows. This 
feature can be found in almost all the high limestone a- 
reas, but particularly in the range extending southward 
from Cerro Barriga.de Plata (quad. D-7) to Monte Negro and 
Cerro Ectopan. Farther south it occurs notably in Cerro Te- 
milpa (quad. F-8), Cerro Santa Marfa (quad. G-7), Cerro Jo- 
jutla (quad. H-7), and the region mentioned above, between 
Cacahuamilpa and Iguala. The feature is important to the 
agricultural economy of the region, as most of the crops in 
the steep highland areas are planted in limestone karren and 
sinks.

SEDIMENTARY, VOLCANIC, AND METAMORPHIC ROCKS 
General features

Before the present study was begun in 1950, rocks 
in this part of Mexico and for some distance to the south, 
east, west, and north, had generally been described only as 
biostratigraphic or chronbstratigraphic units, without an 
attempt to define and map lithostratigraphic.units or true 
formations in the stratigraphic sense. As a result, con
siderable confusion in thinking has arisen and will continue 
to arise for some time to come. The excellent pioneer work 
of Burckhardt (1919) in establishing and describing bio-



stratigraphic units in the Zumpango del Rfo area of central 
Guerrero (fig. 1), is a case in point. Guzman (1950) 
grouped the hi©stratigraphic units into chronostratigraphic 
units which he referred to the standard systems and series, 
although he cited formation names proposed earlier in Oaxa
ca, Puebla, and easternmost Guerrero by himself and others. 
The present work initiated an attempt by the writer and 
others to divide the rocks of the region into true 11tho- 
stratigraphic units of formational and group rank and to 
name the units thus chosen. The. reader will therefore note 
that almost no formation names existed in this region prior 
to the present work and that the nearest named rocks are to 
the east.

The names, ages, and relationships of the stratified . 
rocks in the area studied are summarized in columns 1 and 2 
of the stratigraphic correlation table in figure 2. Col
umns representing five other areas to the south, west, north, 
and southeast of Morelos are given in the same table, for 
comparison, as well as standard European stage names for the 
Jurassic and Cretaceous systems, and Texas stage names for 
the Cretaceous system. The names assigned to all the forma
tional units cited, except the Acahuizotla formation, were 
proposed formally by the writer in the guidebook for Excur
sion C-9 of the 20th International Geological Congress in 
Mexico (Fries, 1956c). Publication of this guidebook was de
layed until late 1958, but the names appeared earlier in the
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guidebook for Excursions A-4 and C-2 published by the Cong
ress in 1956, and in the guidebook for Excursions A-9 and 
C-12 published by the Asociacion Mexicans de Geologos Pe- 
troleros in 1957.

The oldest rocks in the area studied are sericitic 
and chloritic schists of probable late Paleozoic age, named 
the Taxco schist series. These rocks are overlain uncon- 
formably by the Taxco Viejo green volcanic series, vdiich 
consists of slightly metamorphosed chloritic greenstone and 
is of possible Late Triasslc(?) age. Unconformably over the 
greenstone are remnants of the Acahuizotla slate and cal
careous phyllite, of probable Late Jurassic age. This unit 
is overlain with presumed unconformity by the Acuitlapan 
phyllitlc shale, judged to be of Neocomian (Early Cretaceous) 
age, which is in turn overlain with probable disconformity, 
in places, by the Xochicalco limestone, of Aptian-Barremlan 
age. Overlying this unit, also with probable disconformity, 
is the Morelos formation of interbedded dolomite and lime-
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PROVENANCE OF STRATIGRAPHIC COLUMNS IN FIGURE 2
(1) This report, north-central Morelos.
(2) This report, Taxco-Buenavista region.
(3) Fries, Carl Jr., 1956b, fig. 2.
(4) Erben, H. K., 1956, fig. 14.
(5) Pantoja-Alor, Jerjes, 1957, pi. 3.
(6) Segerstrom, Kenneth, in press.
(7) Bodenlos, A. J., 1956, table 9.
Note: Age is given in millions of years, according to the
time scale given in Report of the National Research Coun
cil, Committee on Measurement of Geologic Time, 1949-50.



stone, which is of Albian to early Cenomanian age. A dis- 
conformity on the Morelos formation Is covered by the Cuaut-
la limestone, of Turonian age, and the latter unit is over-
lain by the Mexcala formation of interbedded calcareous sub- 
graywacke, siltstone, and. shale, with thin basal limestone 
beds locally, whose age is Coniacian at the base. The age 
of the top of the Mexcala formation, which is deeply eroded,
is not known, but no evidence is available of an age more
recent than Santonian or Campanian.

A great period of folding and erosion occurred be
fore the Balsas clastic group, of probable late Eocene and 
early Oligocene age, was deposited unconformably on all the 
earlier formations down to the schist. This was followed 
in later Oligocene to early Pliocene time by deposition of 
the Tilzapotla rhyolite series, the Tepoztlan formation, and 
the.Buenavista,.Unidfferentiated, and Zempoala volcanic ser
ies, with minor disconformities within them. The next unit 
to be laid down was the Cuernavaca formation, with great e- 
rosional unconformity, in late Pliocene and possibly into 
early Pleistocene time. The Chichinautzin basalt series was 
extruded and deposited with eroslonal unconformity in Pleis
tocene time on the Cuernavaca formation and older rocks. 
Basaltic volcanism has continued into modern time, together 
with alluviation in places where these volcanic rocks were 
not deposited.
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Taxco schist series

Distribution and physiographic expression

The Taxco schist (Fries, 1956c) was named for its 
outcrop area to the east and southeast of the city of Tax
co (quad. H-l), where it has been uncovered by erosion in 
an area about 4 sq. km. in extent. It appears also just 
east of Taxco Viejo (quad. JE-l) in an area nearly as large 
as that at Taxco. The two outcrop areas together mark what 
was a topographically high belt In Albian time and appear, 
from the pattern of Lower Cretaceous stratigraphy, to rep
resent the southeastern prolongation of a peninsula extend
ing from a larger landmass lying to the northwest. The u- 
nit is the oldest one in the area mapped and forms the base
ment on which all others were deposited, with more or less 
angular unconformity. It was not mapped or studied in de
tail, and no attempt was made to separate from it erosion 
remnants of the overlying Taxco Viejo green volcanic ser
ies, Acahuizotla formation, and Acuitlapan formation, which 
are present from place to place in the outcrop areas of the 
schist.

The Taxco schist is a relatively easily eroded rock 
and, where the overlying resistant limestone has been strip
ped away, tends to form moderately dissected low terrain 
(see pi. 7). The unit is more dissected than the Morelos 
limestone but is considerably less intricately furrowed than
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the softer Mexcala formation, as shown "by inspection - of 
plate 7. Slopes are steep and generally smooth, being 
cllffed only where oversteepening has been caused by late 
Pleistocene rapid valley incision.

Petrography and thickness

Only two specimens collected from the Taxco schist 
were studied in thin section. One of these (F-71-54), 
from a road cut at Km. 160.5 at the east edge of Taxco, 
consists of a medium-gray, crenulated sericite schist, made 
up of quartz, feldspar, and grains composed of microcrys
talline aggregates of quartz, feldspar, and sericite, all

1/set in a denser serlcitic matrix (pi. 8-0).. The original 
rock is Interpreted as having been a rhyolitic tuff. The 
second sample (F57-58) was collected from 600 m. north-north- 
east of Taxco Viejo. It is a" very fine grained, light-gray 
sericite schist, which also appears to have originally been 
a rhyolitic tuff (pi. 8-D and pi. 9-A).
-i- - ___157Detailed description of the lithology and faunal content 
of samples collected in the area mapped are given in the 
section on Provenance, petrographic description, and faunal 
content of rock samples cited in the text. A summary list 
of samples collected from the rock formations and referred 
to in the text is given also in the appendix, after the ab
ove descriptions.

:
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Fowler and others (1948, p. 5) 6**oup the sericite 

schist with black slate and arkosic sandstone, which, be
cause of unconformable relationships, the present writer 
has separated out and referred to the Acahulzotla and A- 
cuitlapan formations. Osborne (1956, p. 80) describes the 
unit as including many varieties of distorted and crenula- 
ted chlorltic and sericitic schist, as well as angular con
glomerate, graywacke, and other clastic rocks. The latter 
rock types mentioned by Osborne may likewise actually be
long to formations which the writer considers to be younger 
than the schist.

The base of the Taxco schist is not exposed in the 
area mapped. The upper surface is erosional and is usually 
covered by a conglomerate composed of eroded schist debris, 
on top of which may be present any one of the younger for
mations up to the Balsas clastic group, owing to tectonic 
movements and erosion at several times before the latter 
group was deposited. The total thickness of schist exposed 
is at least 300 m. but may be greater because of probable 
truncation across folded beds.

Metamorphism and origin

The grade of metamorphism exhibited by the schist 
is low, as indicated by the presence of chlorite, sericite, 
and epidote (in some places), without development of garnet 
or other typical metamorphlc minerals. The mineral assemb



lage suggests that the rock was produced by regional dynam
ic metamorphism at moderately low temperatures. The ori
ginal rocks probably consisted dominantly of a sequence of 
tuffs, breccias, and possibly flows of rhyolitic composi
tion, with minor interbedded clastic layers.

Foliation in the schist has a general westerly 
trend and dips are northerly and southerly at relatively 
low angles, less than 30°. This suggests that the formation 
was probably tightly folded and that overturning is present, 
although detailed work to prove this point is lacking. Lat
er compression, particularly after deposition of the Cre-

. - . . i 'taceous formations, impressed the marked crenulation shown 
in most outcrops of the schist. Calcite and quartz veinlets 
are abundant, and the major ore deposits of the region are 
partly in this formation. Basic dikes of andesite or dia
base (? ) are numerous and were apparently intruded and erod
ed before the next overlying formation was laid down.

Age and correlation

The age of the Taxco schist has not yet been con
firmed by radiometric determination, but because the schist 
is considerably more metamorphosed than:the oldest of the 
overlying formations, which is the Taxco Viejo green volcan
ic series of Late Trlassic(?) age, it is very probably old
er than Mesozoic. Moreover, the relatively lower grade of 
metamorphism as compared with that of schists and gneisses
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that crop out in large regions to the east in the States of 
Puebla and Oaxaca, in part called the Acatlan schists (Sa
las, 1949, p. 82-85? Calderon-Garcfa, 1956, p. 12; Erben, 
1956, p. 13), and of the Xolapa metamorphic series (Fries, 
1956b, p. 292), suggests that the Taxco schist belongs to 
the upper part of the basal complex and may be of late 
Paleozoic age. Large areas of similar.low-grade schist 
crop out to the northwest of Taxco in. the Zacualpan region, 
and to the west and southwest of Taxco on the north side of 
the Balsas Basin.

Taxco Viejo green volcanic series 
Distribution

The Taxco Viejo green volcanic series (Fries,
1956c) crops out on the hillslope directly east of the town 
of Taxco Viejo (quad. ,1-1) but has not been mapped separ
ately from outcrops of the Taxco schist. Remnants of the 
formation probably occur also in the area of schist near 
Taxco, which was not traversed in detail by the writer. 
Physiographic expression of the formation is much like that 
of the Taxco schist and is characterized by relatively low, 
moderately well dissected terrain (pi. 7).

Lithology, thickness, and origin

The Taxco Viejo greenstone consists mainly of in- 
terbedded andesitic tuff, breccia, and minor lava flows;



the clastic beds are cemented largely by calcite. Only one 
specimen (F-67-54) of the rock was examined in thin section 
(pi. 8-A and -B). The dominant color is greenish, but some 
patches in the formation are purplish. Pyrite and epidote 
are common in some parts of the outcrop area. Many frag
ments that make up the rock are compressed and elongated, 
undoubtedly as a result of regional dynamic metamorphism, 
during which large quantities of chlorite were formed and 
the rock took on a moderately well foliated appearance, par
ticularly in the finest-grained beds. The thickness of the 
unit is at least 100 m. and may originally have been many 
times that great.

The unit rests unconformably on the Taxco schist and 
in places has a basal conglomerate made up of schist frag
ments. Its extent in the area mapped is so limited that 
not much can be said of its mode of acuumulation. The ab
undance of calcite in the matrix of the tuff and breccia 
beds, however, suggests that the unit may have been deposited 
largely in marine waters, although break-down of the plagio- 
clases and propylitizatlon may have resulted in deposition 
of calcite. Later tectonic movements and erosion resulted 
in removal of much of the formation before younger rock u- 
nits were deposited, and different units up to the Balsas 
clastic group overlie it.
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Afte and correlation

No fossils have been found to date in the Taxco Vie
jo greenstone, and its age can therefore be deduced only 
from relationships with overlying and underlying rocks and 
by long-distance correlation. The unit overlies the Taxco 
schist with angular unconformity and is overlain unconform- 
ably by the Acahuizotla formation, which is considered to 
be of Late Jurassic age (de Cserna in Fries, 1956b, p. 295).

The nearest region in which greenstone of apparent
ly similar stratigraphic relationships has been dated on 
fossil evidence is Zacatecas, in central Mexico (see pi. 3-B). 
There, Burckhardt (1906, p. 44) found Late Triassic marine 
fossils in black slaty rocks interbedded with volcanic 
greenstone (see also Maldonado-Koerdell, 1948, p. 300). In 
later studies Burckhardt correlated these rocks with green
stone in the Guanajuato mining district farther south (1930, 
p. 5-6). The present writer has seen large areas of similar 
greenstone west of Teloloapan, Guerrero, only 35 km. south
west of Taxco (fig. 1), as well as in the drainage basin of 
the Chontalcoatlan River only 20 to 30 km. north and north
west of Taxco. Rocks that he considers to belong to the 
same unit crop out intermittently westward from Taxco in the 
States of Michoacan, Colima, and Jalisco (pi. 3-B). In 
southwestern Puebla and northwestern Oaxaca, to the east and 
southeast of Taxco, the first rocks resting on the basal



metamorphic complex are continental clastic sediments with 
Interbedded carbonaceous shale, which may be of latest Tri
as sic age at the base, but are mainly of Early to Middle 
Jurassic age (Calderon-Garcfa, 1956, p. 13-15; Erben, 1956, 
p. 14-15). The greenstone series was presumably not depos
ited there or was eroded before the continental clastic 
sediments began to accumulate.

Acahulzotla formation 
Distribution and lithology

The Acahulzotla formation was named by de Cserna 
(In Fries, 1956b, p. 294-295) for outcrops at Acahulzotla 
near Km. 300 of the Acapulco highway (fig. 1). The unit 
there consists of brown-weathering, Interbedded argilla
ceous limestone and calcareous siltstone. It has poor re
sistance to erosion and tends to form moderately dissec
ted, low terrain. In the Taxco region the writer has re
ferred to the Acahulzotla formation small remnants of brown
weathering argillaceous limestone and carbonaceous silt- 
stone with undulating bedding planes and pronounced folia
tion, because of their unconformable position between the 
Taxco schist or the Taxco Viejo greenstone and the Acult- 
lapan or younger Cretaceous formations. The total thick
ness of the unit is not known, and only a few tens::of me
ters remain in the localities where this rock Is exposed.

49



The distribution of the Acahuizotla unit in the Tax- 
co region was not determined in detail, and the unit was not 
mapped separately from the Taxco schist. Beds considered 
to belong to it were identified in the canyon upstream from 
Pichahua, about 1.5 km. southeast of Km. l6l of the Taxco 
highway (quad. H-l). At this locality the rock consists of 
foliated, interbedded, dark-gray to black argillaceous lime
stone and carbonaceous shale, which lie unconformably on the 
Taxco schist and have a basal conglomerate from 1 to 2m. 
thick composed of schist fragments. The foliation was al
so impressed upon the conglomerate with its earlier-formed 
and eroded schist fragments. The Taxco Viejo greenstone is 
notably absent, a feature interpreted as due to erosion of 
this unit before deposition of the Acahuizotla beds.

A second locality in which a small remnant of the 
Acahuizotla unit was recognized is the rock face Just above 
the tailings dump of the Pedregal mine, below the highway 
near Km. 160 at the north entrance to Taxco (quad. H-.l).
The rock is thin-bedded, calcareous, well foliated, and has 
undulating bedding planes. It overlies the Taxco schist di
rectly, and it is overlain unconformably by the Morelos for
mation, of late Early Cretaceous age. A third locality in 
which beds referred to the Acahuizotla formation were seen 
is a ridge about 1.5 km. east of Taxco Viejo (quad. ,1-1), 
where the unit rests upon the Taxco Viejo greenstone and is 
overlain by the Morelos formation. More extensive outcrops
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occur from 1 to 3 km. southeast of Taxco Viejo, near the 
contact between the area of old rocks and the Morelos for
mation. Characteristic features In these latter two lo
calities are the undulating bedding and strong foliation 
of the argillaceous limestone or calcareous slltstone re
ferred to the Acahuizotla formation.

Age and correlation

The age of the rocks referred to the Acahuizotla 
formation In the Taxco region has not been determined on 
fossil evidence. Samples collected for microfaunal study 
In thin section were either devoid of fauna or too strongly 
sheared to permit recognition of microfossils. The age has 
therefore been assigned to the unit on the basis of corre
lation with units in northeastern Guerrero and northwest
ern Oaxaca, where the presumed equivalents are called the 
Teposcolula limestone (Salas, 1949, p. 105-108) or Cldarls 
limestone (Burckhardt, 1930, p. 98-99), of Oxfordian (Late 
Jurassic) age (Erben, 1956, p. 22-24). The unit is also 
correlated with rocks in western Hidalgo, north of the area 
mapped (fig. 1), which have been called the Las Trancas 
formation (Segerstrom, 1956, p. 12) and which are of Late 
Jurassic age. The latter formation is more nearly like the 
Acahuizotla formation in lithology than either the Teposco
lula or Cldarls limestones. The Acahuizotla formation may
be correlated with the lower part of the Angao formation
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described by Pantoja-Alor (1957, p. 17-19) in the Huetamo 
area about 100 km. west of Taxco (locality 5 in pi. 3-A). 
This latter formation also consists of marine clastic and 
calcareous rocks of Late Jurassic age.

Acuitlapan formation
Distribution, lithology, and thickness ;

The name Acuitlapan formation (Fries, 1956c) was 
taken from the town of Acuitlapan at Bn. 144.5 of the Ama- 
cuzac-Taxco highway (quad. 0-2). The formation crops out 
along the southwest base of the high limestone ridge, known 
as Gerro Acuitlapan, to the northeast of the town. A rem
nant of the unit rests on the Taxco schist near the Taxco 
cemetery, about 1 km. southeast of the center of the city 
(quad. H-l). .The areas of outcrop are too small to have 
well defined physiographic expression, but they are at : 
least:topographically low and dissected. Large areas of , 
the formation would undoubtedly form low, closely furrowed 
terrain.

The unit consists of a series of thin argillaceous 
and silty beds with some calcareous interbeds, all largely 
recrystallized to slaty phylllte. The color of. fresh rock 
is medium- to dark-gray, but some beds are nearly black and 
may be somewhat carbonaceous. Bedding planes are rather 
uniform, in contrast to the undulating planes in the Aca- 
huizotla formation.
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The original full thickness can not be determined 

in the area mapped because of close folding and incomplete 
exposure of the formation. A partial thickness of 120 m. 
is exposed in the type locality, but faults hide the base 
of the unit there and prevent measuring the total thickness.

Stratigraphic relationships, age, and correlation

The Acuitlapan formation rests unconformably upon 
older formations down to the Taxco schist. It is overlain 
by the Xochicalco and Morelos formations with discordance, 
considering the presence of the Xochicalco formation be
tween the two in the type locality and its absence near the 
Taxco cemetery.

Fossils were not found in the unit, and its age is 
therefore deduced from its stratigraphic position. The ov
erlying Xochicalco formation contains microfauna of Aptian- 
Barremian age, and the next older formation is judged to be 
of probable late Jurassic age. The Acuiltlapan formation 
is thus thought to be of Neocomian (early Early Cretaceous) 
age.

The unit may be correlated with partly continental 
and partly marine clastic rocks in northeastern Guerrero 
(locality 4 in pi. 3-A), described by Guzman (1950, p. 120) 
and Erben (1956a, p. 25-26), respectively, and referred to 
the Puebla group by Erben. It may also be correlated with 
the lower part of the San Lucas formation (PantoJa-Alor,
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1957, p. 19-25) In southeastern Michoacan (locality 5 In 
pl.'3-A), which consists of Interbedded marine shale, silt- 
stone, sandstone, conglomerate, and some limestone. Hall 
(1903, p. 333-334) had referred to some of these rocks as 
"Olive slate'1 and had placed them In the Necoxtla group, of 
Neocomlan age. Outcrops of marine clastic rocks of probable 
Neocomian age have been seen by the writer also In the re
gion between locality 5 of plate 3-A and the Acuitlapan lo
cality. Rocks similar to the Acuitlapan formation occur 
near Zacualpan and Ixtapan de la Sal in.the Chontalcoatlan 
drainage basin only 20 to 30 km. northwest of Acuitlapan. 
Rocks of Neocomian age are apparently absent north of Mexi
co City, except in northern Hidalgo, where they consist of 
a limestone facies (Bodenlos, 1956, p. 301).

Xochicalco formation
Distribution and physiographic expression

.The Xochicalco formation (Fries, 1956c) was named 
after the archaeological site and hill of that name near the 
west end of section line D-D1 (quad. E-5). This thin-bedded 
limestone unit crops out from there eastward to Cerro Colo- 
tepec, where it is intruded by a granitic stock, and south
ward, almost to the Alpuyeca-Cacahuamllpa highway, in an area 
about 9 sq. km. in extent. The northwestern flank of Cerro 
Xochicalco is made up of limestone of the overlying Morelos 
formation, but the exact contact was not traced in detail.



because the area was covered only by distant oblique photo
graphs which did not show the back hillsides nor permit the 
speed of mapping required for this project (see pi. 4).

A second area in which the Xochicalco limestone is 
exposed is along the southwest base of Cerro Acuitlapan 
(quad. G-2), where it lies on Acuitlapan slaty phyllite and 
is overlain by Morelos limestone and dolomite. The unit 
was not recognized in the areas of old rock at Taxco and 
Taxco Viejo, but remnants of it may be present under the 
Morelos formation along the northeast contact of the out
crop of old rock east of Taxco Viejo. A large outcrop of 
the unit occurs around the granitic and dlabasic stocks 
west of Buena vista de Cuellar (quad. ,1-3). The underlying 
formation is not exposed, and the overlying formation is 
Morelos limestone and dolomite. A small outcrop crosses 
the Amacuzac-Iguala toll road just south of Km. 157 (quad. 
J-3). Other outcrops appear east and southeast of there, 
on the northeastern, eastern, and southeastern flanks of 
Cerro Tuxpan, where intrusive granitic rocks are also pres
ent. All the areas mentioned are anticlinal.

Topography developed on the Xochicalco limestone is 
not quite as rounded as that on the Morelos formation, and 
drainage channels are more closely spaced. The flanks of 
Cerro Tuxpan shown in the oblique photographlin plate 7 Il
lustrate the physiographic expression of the formation. The 
Cerro Xochicalco-Cerro Colotepec area has similar topography.
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Slopes tend to be steep and expose bedrock, but cliffs are 
not common. Probably the areas of schist, though somewhat 
less resistant, are more nearly like the Xochicalco unit 
In physiographic expression than any of the other rock units 
in the area mapped.
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Lithology and thickness

The Xochicalco formation consists of a sequence of 
very thin to medium-thick, dense limestone beds with gener
ally uniform bedding planes. The color ranges from dark 
gray to black, depending upon the carbonaceous content, 
which is probably as high as several per cent in some beds.
A characteristic of at least the upper part of the formation 
is an abundance of chert interleaves, to the extent of form
ing nearly half the rock in some places. The finest inter
leaves are only 1 to 2 mm. thick, but others range up to 10 
or 15 mm. across. Individual chert interleaves and lenses 
are tabular and do not continue laterally for more than a 
few meters. The thinner beds of limestone are characteris
tically finely laminated, the grain size ranging from cal- 
cilutite to calcisiltite and even fine-grained calcarenite. 
Other, less noticeably laminated beds consist of pelleted 
or clotted cryptocrystalline calcite with admixture of car
bonaceous matter and with a calcilutlte matrix. Rhombohe- 
drons of dolomite are common but form only a few per cent 
of the rock in the specimens that were examined In thin



section. At lower horizons in the formation, the thin beds 
seem to become less numerous and medium-thick beds predom
inate ; chert becomes less abundant, also. .

Thickness estimates are difficult to make, except 
in the area northeast of Acultlapan, because the formation 
is repeated by tight folding and the base is not exposed.
In the Acultlapan outcrop area, where both top and bottom 
of the formation are exposed, the thickness is about 150 m.
In that locality a sequence of perhaps 10 to 15 m; of slight
ly phyllitic shale beds occurs some 30 or 40 m. above the 
base of the formation and is included in it. In the type 
locality of the formation, between Cerro Colotepee and Cerro 
Xochicalco, the base is not exposed and the minimum thick- • 
ness seems to exceed 500 m., but reliable estimates are dif
ficult or impossible to make because of repetition due to 
close folding. The formation was not studied with suffi
cient detail to establish horizon markers.

Stratigraphic relationships and metamorphism

The Xochicalco formation is overlain by different 
horizons of the Morelos formation. Beds on both sides of 
the contact seem to be parallel in Individual outcrops. The 
top of the lower formation must have been eroded, however, 
before the upper one was deposited, for the reason cited a- 
bove and because the lithology of the lower formation at the 
contact varies considerably from place to place, suggesting
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removal of beds. At the contact just north of Puente Que- 
brado (quad. G-5 ) some 30 m. of thin argillaceous beds are 
present at the top of the Xochicalco formation, whereas 
elsewhere they are absent and different types of limestone 
appear in their place. The unit is missing completely in 
the Taxco district, owing either to erosion or non-deposi
tion, and it certainly thickens away from the old land masses 
near Taxco and Taxco Viejo. The lower contact is known only 
northeast of Acuitlapan, where the unit is underlain by the 
Acultlapan formation with apparent angular concordance.

Folding has affected the Xochicalco formation to a 
much greater degree than it has the overlying Morelos for
mation, and the relationship may be described as dlsharmon- 
ic. This does not mean that the Xochicalco formation was 
folded before the Morelos formation was deposited, although 
some warping may have taken place. The thin-bedded, argilla
ceous or carbonaceous character of the Xochicalco. limestone 
made the beds more susceptible to folding than the overly
ing thick limestone beds. Degree of deformation is more 
nearly comparable to that of the underlying, relatively in
competent, Acultlapan slaty phylllte.

Penecontemporaneous dolomltization was generally 
weak, and although dolomite rhombohedrons were seen in thin 
section, no strongly dolomitized beds were recognized in the 
field. Tectonic movements caused Intricate shattering of 
much of the Xochicalco limestone, and fractures were healed

58



by deposition of white calcite. Fine shearing apparent in 
thin section caused distortion or destruction of much of the 
microfauna. Recrystallization and local marmorizat1on oc
curred in beds near intrusive bodies, with concomitant 
lightening in color of the rock.

Fossils, age, and correlation

No macrofossils were seen in outcrops of the Xochi- 
calco formation, but numerous chips were taken for micro- 
faunal study in thin section. All the samples collected 
were examined by F. Bonet in the paleontological laborator
ies of Petroleos Hex!canos. Only six samples out of more 
than a dozen collected from different localities contained 
identifiable microfauna (sample numbers are given at the end 
of the appendix, and samples are described in the first part 
of the appendix). The fauna reported is as follows:

Colomiella mexlcana Bonet .(1956, p. 42-45, p. 19-20) 
Eugoglobigerina sp.
Silicified radiolarla 
Calcified radiolarla 
Unidentifiable microfossils

Bonet considers Colomiella mexlcana to have appeared 
at the beginning of late Barremlan time and to have ranged 
through Aptian time (1956, p. 11, table 2). The fossil as
semblage indicates deposition in quiet, relatively deep wa
ter in which benthonic fauna was absent. The age of the top 
of the Xochicalco formation is therefore probably no younger 
than Aptian. The lowermost samples collected contained the
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same fauna and are thus no older than late Barremian, but 
the base of the formation where it is thickest was not seen 
nor sampled,and may be somewhat older.

Rocks of Aptian-Barremian age pinch out southward 
between the area mapped and central Guerrero, but they are 
present in the Balsas Basin to the west, where they appear 
in a clastic facies called the San Lucas formation (PantoJa- 
Alor, 1957» p. 19-25), which seems to be equivalent in age 
to both the Xochicalco and Acuitlapan formations combined. 
Eastward, in eastern Puebla (pi. 3-A), rocks of Barremian 
age consist of interbedded calcareous shale and argillaceous 
limestone with purer limestone lenses, called the Zapotit- 
lan formation (Calderon-Garcfa, 1956, p. 16-17), which is 
in turn overlain by lower Aptian rocks consisting of cal
careous shale with thin Interbeds of calcareous sandstone 
and small lenses of oyster coquina, called the San Juan Raya 
formation (op. cit., p. 18-19). The latter formation ap
parently changes in facies to the north-northeast and be
comes an alternating series of limestone and black chert 
beds, which contain less chert upward and become more ar
gillaceous. These rocks are called the Miahuatepee formation 
and are judged to be of Aptian age (op. cit., p. 19-20). The 
latter formation is more nearly like the Xochicalco forma
tion in lithology than all the other formations mentioned.

Rocks of Aptian-Barremian age pinch out northward 
from the area mapped and reappear again only north of Jacala



In northern Hidalgo (pi. 3-A), where they consist of dark- 
gray dense limestone with chert lenses and nodules, separ
ated by occasional, thin, black and green shale interbeds, 
named the Ahuacatlan formation (Bodenlos, 1956, p. 301). 
Macrofauna is rare and microfauna is nearly identical with 
that of the Xochicalco formation, which is, moreover, simi
lar in lithology.
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Morelos formation
Distribution and physiographic expression

The name Morelos formation was proposed (Fries, 
1956c) for the thick (up to 9 0 0 m.) limestone and dolomite 
unit of Cenomanian-Albian (late Early Cretaceous) age that 
crops out in the State of Morelos and adjoining States of 
Mexico and Guerrero. The northernmost outcrop in the area 
mapped is about 2.5 km. south of Tepoztlan (quad. (3-7), 
where the formation disappears under the overlying Tepozt
lan formation, of 01igocene(?) age, and does not reappear 
from under the Tertiary cover until the latitude of Tequis- 
quiac-Apaxco, 110 km. to the north, or about 60 km. north 
of Mexico City (fig. 1). The formation continues eastward 
into the States of Puebla and Oaxaca, where other names 
have been proposed, and southward to Km. 350 of the Acapul
co highway (fig. l), where it appears to pinch out. Taxco 
marks the western limit of the formation in the area mapped, 
and from there the boundary line of the old shore apparently



extends due north for more than 150 km., as.well as nearly 
due west Into the States of Mexico and Michoaean for an un
determined distance. The area of outcrop of this formation 
In plate 1 Is nearly as extensive as that of any other single 
unit.

The thick beds of limestone and dolomite of the Mo
relos formation are highly resistant to erosion under the 
climatic conditions prevailing in the region, and they tend 
to form topographic highs, except where the overlying, thick 
Tertiary volcanic cover has not been stripped away. The 
best example of the physiographic expression of the forma
tion is the area shown in the right foreground of the ob
lique photograph in plate 6, and in the left foreground in 
plate 7 . Upland slopes are rounded and convex upward. 
Drainage lines are rather widely spaced, and valley sides 
become steeper downward, terminating in narrow V-shaped ,. 
bottoms with little alluvium. Small sinks are common, par
ticularly along some of the upland valleys, and cliffs are 
present wherever slopes are steep. Dissolution of the lime
stone and calcitlc cement of the dolomite has caused col
lapse of some hillsides, with the further development of 
cliffs. The topographic aspect of terrain in which the 
Morelos formation crops out is one of the most distinctive 
in the region and is approached only by the overlying 
Cuautla formation and the thick-bedded, well indurated, 
limestone conglomerate of the Balsas clastic group, but
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sinks are less common in these latter two formations.

Lithology of the carbonate member

The Morelos formation consists dominantly of a se
quence of interbedded limestone and dolomite beds with vary
ing quantities of chert in nodules, lenses, and irregular 
silicified grains and fossil fragments. The basal part of 
the formation consists of an anhydrite member in the east
ern part of the area mapped. Admixture of argillaceous ma
terial is generally minor, and shale interbeds were not ob
served anywhere in the region. A series of nine samples se
lected in the field for showing minimum and maximum dolomit- 
ization gave a range of from 2.3 to 83.3 per cent dolomite 
(sample F-65-54) in,determinations by E. Schmitter of the 
Mexican Institute of Geology, and insoluble residues in 
these samples varied from 0.3 to 4.0 per cent. The propor
tion of carbonate in the beds is probably generally over 98 
per cent, if the chert-derived silica is discounted, indi
cating a relatively pure carbonate rock. The sequence of 
lithologic types in a given section appears to change in 
detail within relatively short distances, so that no attempt 
was made to establish a single "type" locality.

The color of the Morelos formation varies markedly 
from bed to bed, ranging from light creamy gray to black.
The dark beds are generally much more fetid when freshly 
broken than the light beds and contain bituminous matter in
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variable quantity. Dolomitised beds have a brownish cast 
added, varying from light brownish gray to brownish black; 
some of them are mottled. Beds in the formation are gener
ally thick, ranging mainly between 20 and 60 cm. in thick
ness.

The texture of the limestone ranges from calcllutite 
to calcirudite, but the most common textural type is cal- 
carenite. The grains that make up the limestone consist 
mainly of agglutinated pellets or clots of cryptocrystalline 
calcite, foraminiferal tests, and fragmented and abraded bio
genic matter. Some interbeds consist of blostromes of rud- 
istids (aberrant forms of pelecypods), gastropods, and oy
sters, embedded in a calcllutite to calcarenite matrix. 
Textures of specimens from different localities and horizons 
in the formation are Illustrated in plates 10-12 and plate 
13-A and -B, which are photographs of acetate peels made 
from etched polished sections and enlarged to a maximum of 
five times.

No limestone beds of truly clastic origin— 1. e., 
limestone composed of detrital grains derived from subaerial 
erosion of a limestone-dolomite terrain— were recognized in 
the Morelos formation in the area mapped. In other words, 
the formation is thought to represent the accumulation of 
lime particles by precipitation essentially in place, ac
companied and followed by agglutination, re-working, and 
re-distribution of the grains with almost no admixture of



65
terrigenous material. The environment visualized is one 
somewhat similar to that of the present-day Bahaman banks 
with warm shoal waters, described in considerable detail by 
Tiling (1954) and Newell and Ribgy (1956). The term "ba- 
hamite" has been proposed 1'or limestone of this type depos
ited over large isolated marine banks or in coastal shoal 
belts and small off-shore banks (Beales, 1958, p. 1851), 
in distinction to clastic, detrital calcarenites derived 
from subaerial erosion of highlands. The writer feels that 
this term is appropriate to describe the carbonate part of 
the Morelos formation.

Dolomitization and slliclfication.— Dolomitization 
is thought to have occurred on the sea floor before and dur
ing diagenesis of the calcareous sands and muds. Dolomitized 
beds are completely distinct and separate from adjacent lime
stone beds. Dolomitization has nowhere been noted to cut 
across beds in the area mapped, but bedding planes every
where serve as definitive contacts between dolomitized and 
non-dolomitized beds. Replacement by dolomite has ranged 
from a few per cent to perhaps 90 per cent in different beds. 
It has variously taken the form of nearly uniform dissem
ination of dolomite crystals through the rock (pi. 10-C and 
-D and pi. 13-B), selective replacement of fossils (pi. 10-B 
and pi. 13-A), selective replacement of matrix rather than 
fossils (pi. 10-A), and irregular, mottled dolomitization



without regard to fossils or matrix (pi. 11-C and -D). In 
each case, however, the type of dolomitization described is 
confined to a particular bed, whether replacement be par- ' ■ 
tial or nearly complete, and the overlying bed is a dis
tinct unit. .

Physical or chemical differences between two adja
cent beds can not account for dolomitization in one case and 
not in the other, but the explanation is more likely to be 
found in slight differences in salinity, hydrogen-ion con
centration, temperature, or chemical composition of the ov
erlying waters, as a result of climatic arid biologic varia
tions. Many adjacent beds of dolomite and limestone have 
nearly identical original textures and faunal content. The 
photographs in A and B of plate 11 and B, C, and D of plate 
12, for example, illustrate non-dolomitized foraminlferal 
limestone with fragments of rudistids, yet the photographs 
in A and B of plate 10 show partly dolomitlzed limestone 
with many of the same species of foramlnifera and rudistids. 
The balance between conditions causing or preventing sub
stitution of calcium by magnesium in the bottom muds must 
be extremely delicate, as neither planktonic nor benthonlc 
life was significantly affected in the examples Just cited. 
This does not mean that dolomite did not form under marked
ly different conditions elsewhere, and in fact, dolomite 
associated with anhydrite in the lower part of the Morelos 
formation probably formed in a markedly different environment.
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Chert is abundant in some parts of the Morelos for
mation, and few beds do not contain silica in some form.
Most of the chert appears in irregular, knotty to ropy nod
ules along bedding planes, and some of these form irregular 
tabular lenses several meters long. Smaller nodules and 
lenses occur within some beds, but extensive thin tabular 
bodies and interleaves are absent or extremely rare in the 
Morelos formation, in contrast to the underlying Xochical- 
co formation. Chert is present in both limestone and dol
omite beds, and it occurs in limestone with foramlnifera 
as well as with rudistids, other pelecypods, and gastropods. 
Probably the greater part of the silica in the formation, 
however, is in slllcified fossils and fossil fragments. 
Siliclflcation was not uniform and certain species were 
more susceptible to replacement than others. The rudistld 
genera Toucasla and Radielites, as well.as fragments of oy
sters, echinoids, sponges, and corals were selectively sll- 
icifled (pi. 11-A; pi. 12-C and -D; pi. 13-A), whereas most 
gastropods and foramlnifera rarely show any slllciflcatlon.
The shell matter is replaced in such a way that all the ori
ginal texture is lost, although some of the gross structure 
and the overall form of the shell remain intact.

The greater part of the chert and of the sllicifi- 
cation must have been produced penecontemporaneously with 
the limestone. The process is visualized as having occurred 
in part while the sediments were still unindurated, particular-
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ly the chert nodules and lenses on the "bedding planes, "but 
some of the rest of the chert and the silicification of the 
fossils may have been produced by migration of silica and 
replacement, after burial of the sediments and during dia
genesis. A detailed description of the origin of chert in 
rocks similar to but somewhat younger than the Morelos for
mation, near Soyatal in northeastern Queretaro (pi. 3-A), 
was published by White (1947), and the origin of chert in 
Lower Cretaceous limestone equivalent in age to the More
los formation, in the Zimapan mining district of west-cen
tral Hidalgo, was described by Simons and Mapes (1956, p. 
8-10). In short, most of the chert seems likely to have 
been deposited by replacement during diagenesis, but some 
of it was probably of syngenetic origin and deposited on 
bedding planes. Silicification has no relation to present- 
day topography and is not a surficial feature, as suggested 
in some earlier published reports, and as a result, blocks 
of limestone with sillcified fossils may be collected and ■ 
dissolved in acid to release the fossils for study and iden
tification.

Weathering

Limestone beds weather light gray to bluish gray and 
have smooth to hackly surfaces with sharp ridges, rills, 
fluting, or other solution features. Dolomitized beds wea
ther brownish gray and have rough sandy surfaces, or, if



strongly fractured and re-cemented by calcite, they present 
a criss-cross pattern of fine channels with sharp Inter- 
rldges or a rough “pavement" surface, typical of beds in 
the Morelos formation (pi. 13-B). Irregularly dolomltized 
limestone produces knotty weathered surfaces. Dissolution 
of the calcite matrix of uniformly dolomitized rock pro
duces dolomite sand in places where erosion is not so rapid 
as to remove the sand. Where nodules and lenses of chert 
and irregularly silicified fossils are present in the un
derlying bedrock, these resistant fragments are released 
by weathering to form a dense chert surface rubble.

Anhydrite member

The basal part of the Morelos formation consists 
of an anhydrite member to the east and southeast of an ir
regular line extending more or less from Tequesquitengo to
ward Iguala and thence south-southwestward to the latitude 
of the Balsas River, where it probably turns eastward (fig. 
l). The line is presumed to extend northeastward from Lake 
Tequesquitengo for an unknown distance, but probably not 
more than a few tens of kilometers, before it turns eastward 
and southeastward.

The only large outcrop of this member in the area 
mapped is on the steep hillside 1.5 km. southeast of Tilza- 
potla (quad. 1-5 ), where it has been penetrated by large 
quarries. The western border of the anhydrite member is
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thought to be exposed in the road cut at Km. 157 of the A- 
macuzac-Iguala toll road, where the Xochicalco formation is 
overlain by a Jumble of coarse-grained dolomite of the Mo
relos formation, in which blocks of gypsum were uncovered 
when the deep cut was excavated. This is Interpreted to 
mean that the anhydrite member was present, but only a few 
meters thick, and that it was almost entirely dissolved by 
ground waters, causing slumping and complete brecciation of 
the overlying and possibly interbedded Morelos dolomite.
No evidence of anhydrite was found at this contact to the 
north, northwest, and west, but some may be present around 
the east and northeast sides of Cerro Tuxpan, to the east. 
The lowest part of the Morelos formation exposed in the Te- 
cuman anticline between Cerro Barrlga de Plata (quad. D-8) 
and Tecuman (quad. E-7) has a similarly massive, brecciated 
character and is thought to have contained some anhydrite 
or to have anhydrite still present below the surface. Else
where in the assumed area of anhydrite deposition, erosion 
has not cut deep enough to expose the lowest part of the 
Morelos formation.

Extensive areas of anhydrite and dolomite crop out 
south of Huitzuco, a town 22 km. east of Iguala and 12 km. 
east of the southern end of the map in plate 1 (quad. K-3; 
fig. l). This occurrence was mentioned in a report on mer
cury deposits by McAllister and Hernandez-Ortiz (1945), who 
attributed the anhydrite and dolomite to hydrothermal re
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placement of limestone, but inspection of the area by the 
■writer revealed the sedimentary character of the rocks and 
their identity with anhydrite and dolomite farther north. 
Other outcrops occur 6 km. east of Apipilulco in the val
ley of the Iguala River only 20 km. or so south-southwest 
of Iguala (fig. 1). These deposits were described as "gyp
sum" by Santillan (1929, p. 98-99), who also ascribed them 
to metasomatlc replacement of limestone.

The anhydrite is laminated, white to dark gray, and 
highly contorted by flowage. Surflclal material contains 
a considerable admixture of gypsum, but the densest, rela
tively unaltered rock is nearly pure anhydrite. The gyp
sum is presumed to represent hydration of the anhydrite where 
ground waters could penetrate the rock. Exposures in the a- 
rea mapped in detail were too small in extent to permit mak
ing a comprehensive study of the lithology and exact stra
tigraphic relationships of the member. The effect of dis
solution by ground waters is obvious wherever the unit is 
exposed.

Thickness

The Morelos formation was apparently not deposited 
over the highest part of the Early Cretaceous Taxco paleo- 
peninsula. Away from there, however, it rapidly thickens 
to the northeast, east, south, and southwest. In Cerro A- 
cultlapan only 13 km. northeast of Taxco the formation is
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800 m. thick, indicating an increase of 1 m. in thickness 
for every 16 m. of horizontal distance. In the central 
part of the State of Morelos the thickness is probably at 
least 900 m., but the exact figure is not known because the 
base is not exposed. From there southward the thickness 
decreases to probably less than 600 m. in the vicinity of 
Buenavista de Cuellar (quad. 1-4), and to only about 400 m. 
near Iguala. It seems to increase again from Iguala south
ward.

Some of the variation in thickness is undoubtedly 
due to removal of the upper beds of the Morelos formation 
in certain places, Judging from fossil evidence, but most 
of it is due to deposition on an irregular surface and to . 
calcareous bank development. A striking example of the ef
fect that lime accumulation over a subsiding bank has on 
thickness variation of a carbonate formation is the El Doc
tor limestone of eastern Queretaro (pi. 3-A), a lithologic 
and age equivalent of the Morelos formation described by . 
Wilson and others (1955). The Cerro Ladron bank facies of 
the El Doctor formation has a thickness of 1500 m., whereas 
the adjacent La Negra back-reef and outer fore-reef.faciesj. 
is apparently less than 500 m. thick (op. cit., p. 4-5).
The thickness difference is interpreted as being primarily 
a depositional feature. Another example is the El Abra for
mation, a lithologic and age equivalent of the Morelos for
mation, in the Faja de Oro of northern Veracruz (fig. 1).
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Bonet (1952, p. 235) reports the locality to consist of 
2500 m. of bank limestone ("Urgonian facies") surrounded by 
much thinner sequences of back-reef and fore-reef deposits.

Structure and 3tratigraphic relationships

Tectonic movements compressed the Morelos formation 
into folds with northerly trends and the rocks were frac
tured to varying degrees from place to place. The dolomite 
in particular was strongly fractured, and these fractures 
as well as those in the limestone beds were healed by dep
osition of white calclte (see pi. 10-A and -C; pi. 11-A, -B, 
and -D; pi. 13-B). Compression was not strong enough to 
have produced noticeable flowage of the limestone and dolo
mite, and even fracture cleavage is rare, but the anhydrite 
member was intensely deformed by flowage. The lack of great
er internal deformation in the carbonate rocks is undoubt
edly due to their thick-bedded dense character, in view of 
the strong deformation of overlying and underlying Creta
ceous units.

Basal limestone, dolomite, or anhydrite beds of the 
Morelos formation lie with angular unconformity upon all the 
earlier units, with the exception of the immediately older 
Xochicalco formation and possibly also the next older Acuit- 
lapan formation, but even these two pinch out Irregularly 
between the Taxco paleo-peninsula and the Morelos formation 
and may have been bevelled by erosion before the latter unit



•was deposited. Outcrops of the lower contact of the More
los formation in the area mapped are not sufficiently exten
sive to be certain of the exact relationships with the ear
lier Cretaceous units, but certainly the Morelos formation 
has a transgressive relationship to all the older rock u- 
nits in the region.

The upper contact of the Morelos formation is an 
erosion surface, on which different horizons and facies of 
the Cuautla formation were generally deposited, but locally 
the next overlying unit is the Mexcala formation and the 
Cuautla unit is absent (see fig. 2). In places where older 
horizons of the. Morelos formation form the upper contact, 
the younger beds of this unit were either not deposited or 
were eroded, but probably the latter. Where units younger 
than the Mexcala formation rest directly on Morelos beds, 
erosion was of post-Mexcala age.

Diabasic, andesitic, and rhyolitic dikes and sills 
cut the formation here and there, and larger granitic and 
diabasic stocks are present locally.

Fossils and age

The Morelos formation is. relatively poor in macro- 
fossils, and most of those collected are either new species, 
new varieties, or long-ranging forms. Rudistids are numer
ous in the upper part of the formation but are few in vari
ety. Ammonoids are seldom found in rocks containing rudis-
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tlds, and indeed, in spite of diligent search, none were 
found in the Morelos formation in the area mapped. Micro- 
fossils are extremely numerous in some beds, particularly
in the upper part of the formation, and are dominated by

• '

genera that belong to the family Miliolidae. Some beds are 
so replete with these large foraminifera, which are readily 
seen on fresh fracture surfaces even without a hand lens, 
that the rock may be referred to as a "miliolldite". Other 
foraminifera are also present but are not so easily dis
tinguished in hand specimen. Most of the forms present are 
either long ranging, unidentifiable beyond genus, new spe
cies, or new varieties and are not in themselves diagnos
tic of exact age, with three possible exceptions. Assemb
lages and relative abundance of the foraminiferal forms 
present in a particular bed are the most useful criteria 
for assigning an age to that bed.

A particular effort was made to determine the age of 
the topmost part of the Morelos formation, as well as the 
variation in age of the top of the unit from place to place, 
in order to help to decipher the tectonic history of the re
gion. The following lists accordingly give two groups of 
samples and two corresponding groups of fossils, one from 
the uppermost, youngest part of the formation, and the oth
er from the lowermost, oldest part. The numbers of the 
samples that yielded paleontologic data are as follows:
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Samples from uppermost, youngest Samples from lowermost.

part of Morelos formation oldest part of Morelos 
formation

F-5-50. F55-12 F55-31
F-25-53 15 7926 38 92

27 53 100
28- 67 F56-3F-6-54 F56-11
15
37

The localities from which these samples were collected, de
tailed descriptions of the lithology and faunal content, and 
the names of the persons who Identified the fauna are given 
In the appendix.

The fossils Identified in the samples from the upper
most, youngest part of the Morelos formation are as follows: 

Microfossils Macrofossils
Dlcyclina schlumbergerl Munier- Chalmas
Nummolocullna heiml Bonet 
Splrolocullna sp.
Nonlon(?) sp. 
lagena sp.
Dentalina sp.
Blgenerina sp.
Ovalveollna sp.
Dukhanla sp.
Trlloculina sp.
Qulnquelocullna sp.
Cuneolina sp.
Ophthalmidium sp.
Guttullna sp.
Cyclammina sp.
Ammohaculites cf. A. cuyleri 
Lituola sp.
Mass Ulna sp.Massllina cf. M. nlanoconvexa 
Palmula cf. P. decorata 
Turrlsplrillina subconica(?)

Peronldella sp. cf. P. ra- 
mosisslma Dunlkowsky 

Enlstreptophyllum sp. cf.
E. budaensls Wells 

Hyposalenla(?) sp.
Spondylus sp..
Ostrea sp.
Praeradlolltes(?) sp. 
Toucasia patagiata(?) White 
Toucasla texana (TT Roemer 
Merlnea sp.
Actaeonella sp. Unidentifiable ostracodes 
Algal structures



Among the macrofossils cited, Peronidella was iden
tified by F. ¥. Wells, who states that the genus ranges 
from Devonian to Cretaceous, although most, described spe
cies are of Mesozoic age, especially Triassic and Creta
ceous. "The specimen appears to be a new species, similar 
to P. ramoslssima Dunikowsky (1883) from the Essen Greensand 
and other Cenomanian horizons in Europe" (personal communi
cation). Eplstreptophyllum was also identified by Wells, 
who states that the genus ranges through the Jurassic and 
Cretaceous, that the specimen is tentatively identified as 
Eplstreptophyllum sp. cf. E. budaensls Wells, and that E. 
budaensls is known from the Buda limestone of Texas (early 
Cenomanian). Hyposalenla(?) was identified by C. W. Cooke, 
who quotes Mortensen as giving the range of the genus as 
"throughout the Cretaceous formations of Europe from Se- 
quanian to Senonlan" (Klmmerldgian through Maestrichtlan; 
see fig. 2 ; personal communication).

L. W. Stephenson examined and identified the two 
silicified specimens of Spondylus and reported that they 
"do not resemble closely any Spondylus from the Cretaceous 
of the southern States and probably represent an undescribed 
species. The genus is reported to range from the Permian 
to the Recent" (personal communication). Neither Ostrea 
nor Praeradielites is.of precise stratigraphic value unless 
the species is known. Both species of Toucasla are reported 
from southern Texas from the Edwards and Glen Rose lime
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stones, of early and middle Albian age, and similar spe
cies occur in the Devils River limestone of late Albian 
age, and even in the Buda limestone of early Cenomanian 
age, according to R. ¥. Imlay (personal communication). 
Although the writer is not positive of his identification 
of these two species, he thinks nevertheless that their 
range in Mexico is greater than heretofore described by 
MQllerried (1944, p. 471), or middle Albian, and that they 
probably continue on up into the appropriate facies of Cen
omanian rocks in Mexico as well as in Texas.

The foramlnlferal genera and species, taken separ
ately, do not define an exact age for the enclosing rock, 
as most of them are long ranging. Only two species are of 
especial value in fixing the youngest age of the Morelos 
formation. These are Dlcyclina schlumbergerl Munier-Chal- 
mas and Nummoloculina helmi Bonet. The former has been des
cribed by Bonet (1956, p. 20-21, table 1) as being restric
ted in Mexico to the Cenomanian. Studies by E. R. Applin, 
however, suggest that this species appeared somewhat ear
lier, in late Albian time (personal communication). N. 
helmi is described by Bonet (1956, p. 16-20) as a new spe
cies and as ranging from earliest Albian time through Ceno
manian time, but it does not become abundant until middle 
Albian time and later. Conkin and Conkin (1958) emended 
both the genus Nummoloculina Steinmann and the species N. 
helmi Bonet because of inadequate description. They state



(op. cit., p. 150) that the Cretaceous range of Hummolocu- 
llna in Texas is through the Albian, but that where reef 
conditions continued, as in eastern Mexico, the genus con
tinued on into Cenomanian time, as pointed out by Bonet.
In samples from the Morelos limestone and equivalent Mexi
can formations studied for the writer by E. R. Applln, N. 
he1ml is apparently rare below upper Albian beds, and ano
ther species of Nummolocullna, which appears even up into 
lower Cenomanian beds, becomes increasingly more abundant 
downward in the section (personal communication). On a 
worldwide basis, the genus Nummoloculina ranges from Early 
Cretaceous to Recent, but it is rare in rocks younger than 
Cenomanian.•

In summary, data available from both macro- and mi
crofossils collected from the uppermost, youngest part of 
the Morelos formation indicate that deposition continued 
in the region at least into early Cenomanian time. Evidence 
has not been obtained yet to prove a Woodbine (middle Ceno
manian) or younger age for any part of the formation. If 
such younger beds should be found locally in later work, 
the inference would be strong that the equivalent beds were 
removed by erosion in the rest of the area mapped, before 
the deposition of the next overlying formation. "

Detailed examination and comparison of microfossil 
assemblages in samples collected at or within a few meters 
of the upper contact of the Morelos formation in different
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localities in the area indicate that the age of the top of 
the formation varies considerably from place to place.
Sample F55-53 from the first limestone ridge east of 
Cuautla (see appendix) represents close to the youngest top 
part of the formation sampled and is of early Cenomanian 
age. The top of the formation at Km. 148.8 of the Amacuzac- 
Iguala toll road, represented by sample F55-92, is clearly 
significantly older and is probably of late Alblan age.
These two localities represent the extremes among those 
sampled in the area mapped, others falling somewhere be
tween, but sampling was by no means exhaustive. The dif
ferences in age of the top of the Morelos formation are 
judged to be due to erosion rather than to non-deposition.

The age of the base of the Morelos formation ob
viously varies greatly from place to place, particularly 
around the Taxco paleo-peninsula which was never completely 
covered by this unit. The oldest basal carbonate beds in 
the area are probably not exposed by erosion, but the old
est beds sampled yielded the following fauna:

Microfossils Macrofossils

Spir ople ctammina of. S. good- Toucasia pa tap; lata (? ) 
landana ” White

Dlctyoconus sp. Toucasia texana(?) Roemer
Massllina of. M. pianoconvexa Nerlnea sp.
Nummoloculina sp. b Unidentified gastropods
Cuneollna sp. ~ Unidentified ostracodes
Ophthalmidium sp.
Guttullna sp.
No macrofossils were found that could be used to fix the age
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with precision. Both species of Toucasla cited were des
cribed in an earlier paragraph as being characteristic of 
middle Albian age, but they are not entirely diagnostic.

With the exception of the first two foramlniferal 
forms cited in the list above, the remaining genera and 
species occur also in the youngest part of the Morelos for
mation sampled. Significant differences in microfossil 
assemblages from the youngest and oldest beds are the dif
ferent relative abundances of the genera and species pres
ent, and the absence of some of the characteristically 
younger forms from the older assemblages. The notable ab
sence of the genus Orbltolina, which is present elsewhere 
in the Morelos and equivalent formations of the same facies 
in southern and eastern Mexico, indicates that the basal 
carbonate beds exposed in the area mapped are younger than 
early Albian. The best age assignment for these beds, then, 
is middle Albian.

Inasmuch as the anhydrite unit underlies the carbon
ate beds, it is somewhat older and may have been deposited 
in early Albian time. The presence of the underlying Xochi- 
calco formation, of Aptian-Barremian age, places a lower age 
limit on the anhydrite member. That this member belongs to 
the Morelos formation rather than to the Xochicalco formation 
is proved by the close association of dolomite and anhydrite 
in the lower part of the Morelos unit, and the complete 
change in facies from beds that make up the Xochicalco unit.
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Correlation.

Rocks of the same general facies and age as those of 
the Morelos formation are very widespread over the eastern 
half of Mexico and they crop out from the United States bor
der to the Guatemalan border. They account for much of the 
characteristic topography of the Sierra Madre Oriental. An 
off-shoot of this main mass extends westward through the 
Balsas Basin to the Pacific coast In the State of Colima 
and possibly also elsewhere. The name Morelos has been 
carried as far west as the Huetamo area (Pantoja-Alor, 1957, 
p. 26-30) In southeastern Michoacan (locality 5, pi. 3-A), 
and as far south as Km. 350 of the Acapulco highway, south 
of the Papagayo River (fig. 1; Fries, 1956b, p. 297). In 
many earlier published and unpublished reports reference 
has been made to the formation in Michoacan, Guerrero, west
ern Oaxaca, and southwestern Puebla simply as Middle Cre
taceous limestone (Guzman, 1950, p. 121), the Cretaceous 
system having generally been divided in Mexico into three 
series, called Lower, Middle, and Upper. In central Pue
bla the equivalent unit is called by various names, of which 
Clplapa and Maltrata (Calderon-Garcfa, 1956, p. 21-22, fig. 
4) refer to limestone units of early Albian age, and Esca- 
mela is used for younger limestone but without defining ex
act age limits.

In eastern Queretaro (pi. 3-A) the equivalent unit 
was named the El Doctor limestone by Wilson and others



(1955> p. 2-3). This name was extended southward by Seger- 
strom (1956, p. 312-313) as far as the southernmost lime
stone outcrops north of Mexico City, and it was extended 
northward by Bodenlos (1956, p. 295-296 and 302) to south
eastern San Luis Potosf (locality 7, pi. 3-A). Northward 
and eastward from the latter locality the names applied to 
the unit are mainly El Abra, Tamaulipas, and Tanlnul, each 
of which represents a somewhat different facies of the 
same unit, but all these facies occur within the El Doctor 
limestone alone. As in the Morelos formation, both upper 
and lower age boundaries of these other formations vary 
from place to place, within the interval from early Alblan 
to early Cenomanian time.

Cuautla formation
Distribution and physiographic expression

The Cuautla formation (Fries, 1956c) takes its name 
from the city of Cuautla (quad. E-9), because of the excel
lent exposures of the unit in the low ranges to the west of 
there. The formation consists of three major facies, which 
consist of 1) a thick sequence of medium- to thick-bedded 
limestone beds of calcareous bank or "bahamite" type, 2) a 
thinner sequence of thin- to medium-bedded laminated lime
stone beds, and 3 ) a very thin sequence of thin- to medium- 
bedded clastic limestone beds. All three facies grade into 
each other laterally and were mapped as a single formation,
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as they together form a mappable unit that is separable 
from the underlying and overlying Morelos and Mexcala for
mations. The facies could undoubtedly be delimited areally, 
however, by a more detailed study of the formation than the 
writer could undertake for the present report. In the dis
cussions that follow, the thick calcareous bank facies will 
be understood unless specific reference is made to another 
facies of the Cuautla formation.

In the northeastern and eastern parts of the area 
mapped, the outcrop area of the bank facies of the Cuautla 
formation is nearly coextensive with that of the underlying 
Morelos formation, but in the western and southwestern 
parts of the area the unit is thin or even absent and has 
not been shown separately on the map in plate 1. In the 
latter area the unit is generally less than 25 m. thick.
"Where it is thick bedded, it is included with the outcrop 
of the Morelos formation, because of the lack of time needed 
to separate the two when the field work was being done in 
that area. Where it consists of thin-bedded limestone, how
ever, it is included in the outcrop area of the Mexcala for
mation, for the same reason. In any event, the outcrop of 
the unit would generally not exceed the width of a thick 
line on the scale of the map in plate 1.

The Cuautla formation continues southward and west
ward from Iguala as a thin limestone unit for an unknown dis
tance, but it continues southeastward and eastward from there



as a thick calcareous bank facies into northeastern Guerre
ro, as well as eastward from the State of Morelos into south
western Puebla, also for an unknown distance. Northward 
from Morelos it continues beneath the Tertiary cover and 
reappears near Apaxco, where it crops out as a bank facies 
from place to place as far north as the west-central border 
of the State of Hidalgo (pi. 3-A; fig. 1).

The physiographic expression of the thick bank facies 
of the Cuautla formation is similar to that of the underly
ing Morelos formation, reflecting the similarity in bed
ding, structure, and texture. The only significant differ
ence in resistance to erosion between the two units is the 
relative freedom from dolomite of the Cuautla formation, a 
factor that is expressed physi©graphically in greater re- 
sistance to weathering and erosion and in weaker develop
ment of karst features. The unit tends to produce cliffs 
wherever slopes are steep. The most prominent physiographic 
features determined in large part by the Cuautla formation 
are the four nearly parallel mountain ranges leading south
ward from the vicinity of Tepoztlan, Yautepec, San Carlos, 
and Itzamatitlan in the central part of sheet 1 of plate 1. 
The upfaulted southern extensions of some of these ranges, 
such as Cerros Temilpa, Santa Marfa, and Jo Jutla, may be 
seen in the oblique air photograph in plate 5.
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Lithology

The dominant facies of the Cuautla formation in the 
area mapped consists of thick-bedded to massive, dense lime
stone composed of calcllutite, calcisiltite, and calcaren- 
ite of "bahamlte" or calcareous bank type (pi. l4-C and -D; 
pi. 15-B). Few beds are less than 20 cm. thick, and some 
of the uppermost beds in the northern part of the area, 
southeast of Km. 15 of the Cuernavaca-Cuautla highway 
(quad. D-7), are 4 m. or more thick. The color of the lime
stone varies from light to dark gray and, less commonly, 
black, and clastic beds near the lower contact are locally 
reddish and yellowish. Chert nodules, lenses, and irregu
lar masses are common in many of the beds and along the 
bedding planes, and siliciflcatlon of biogenic fragments 
and fossils is particularly strong in the lower and middle 
parts of the unit. The origin of the chert and siliciflca
tlon is thought to be the same as that described for the 
Morelos formation. Biostromes of partly to completely sil- 
icified rudistids, corals (pi. 15-B), and gastropods are 
especially abundant in the northern and eastern areas of 
outcrop of this facies (pi. 16 and 17). Foramlnlfera are 
present in the calcisiltites and calcarenites, but they are 
not readily visible in hand specimen. Species belonging to 
the family Miliolidae are absent or rare. Algal structures 
are visible in some beds.



Limestone beds of the "bahamite" facies of the Cuau- 
tla formation consist of fairly pure calcium carbonate, if 
the silica in chert is discounted, and beds without visible 
chert contain little insoluble residue. Dolomitization has 
occurred only to a minor degree in this facies. Dolomitlzed 
beds are not readily distinguishable in the field, and an 
outcrop of frankly dolomitlzed rock is more likely to belong 
to the Morelos formation than.to the Cuautla unit. Argil
laceous material of terrigenous origin is generally absent 
or rare.

The basal 1 to 20 m. of the “bahamite11 facies of 
the Cuautla formation north and east of the Amacuzac River 
consist of a varied sequence of thin to thick (5 to 50 cm.) 
beds of argillaceous calclslltlte, calcarenite, and conglom
erate made up of eroded and abraded detrital clastic grains 
of limestone and dolomite, with some admixture of chert 
particles and abraded large foraminifera (miliolids), all 
derived from the underlying Morelos formation (pi. 13-C and 
-D; pi. 14-A and -B), as well as abundant small forms of. 
gastropods, locally. These beds seem to represent litoral 
or beach deposits at the base of the calcareous bank.

A different facies of the Cuautla formation is well 
exposed about 1 km. east of Tlaquiltenango (quad. G-7) and 
thence southeastward along the strike for some 9 km. Beds 
in this facies are generally 5 to 20 cm. thick, chert is in 
the form of incompletely replaced interleaves or laminae
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rather than nodules, Mostromes of rudistids and gastro
pods are absent, dolomitization is more extensive (but still 
relatively unimportant), and the entire section is less 
than half as thick as the section in the next outcrop area 
to the east, which consists of the "bahamite" facies. Chips 
taken from a series of six beds (sample F-64-54) Judged in 
the field to contain the least and the most dolomite in this 
facies were analyzed by E. Schmitter of the Mexican Insti
tute of Geology, who found extremes of 0.0 and,67.7 per 
cent dolomite, and 0.6 and 7.8 per cent insoluble residue, 
which consisted largely .of silica. The section sampled con
tained several beds that weathered with a sandy surface, 
like that of dolomite beds in the Morelos formation, but 
such beds were not observed in the thick "bahamite" facies.

A subfacies of the bank facies crops out from 1 to 
2 km. northeast of Nexpa, along the Chinameca River (quad. 
H-7)• Beds.of very coarse limestone breccia with blocks up 
to 30 cm. long occupy a narrow zone between normal thick 
beds to the north and a very thin sequence of.thin calcl- 
siltite and calcarenite beds along the south side of the 
river. The area evidently represents the border of a bank 
and must be close to a shoreline to the south or southwest.

All the beds to the southwest of the Amacuzac River 
that were identified as belonging to the Cuautla formation, 
or thought to represent this unit, consist of calcilutite 
in small part but mainly calcisiltlte and calcarenite with
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a variable, small admixture of argillaceous and, rarely, 
carbonaceous matter. They form the third major facies of 
the Cuautla formation and seem to represent litoral or near
shore deposits. They are composed in part of clastic, de- 
trltal limestone and dolomite grains eroded from an exposed 
carbonate terrain, but with some admixture of indigenous 
comminuted biogenic fragments. In most of this southwest
ern area- the thin clastic beds were included, for mapping 
purposes, with the overlying Mexcala formation, with which 
they are more closely allied in facies than with the under
lying, thick, millolid-bearing limestone or dolomite beds 
of the Morelos formation.

Thlckness

The thickest part of the Cuautla formation corres
ponds to the "bahamite" or calcareous bank facies and totals 
about 750 m. in thickness. It occurs in the mountain range 
defined by Cerro Barriga de Plata, Monte Negro, and Cerro 
Ectopan (quad. D-7 to E-7), and it continues for an unknown 
distance form there eastward and southeastward, beyond the 
edge of the geologic map. Southward the thickness also con
tinues nearly the same into Cerro Santa Marfa (quad. G-7), 
but in the next anticlinal ridge only 2 km. to the southwest 
of the latter range, it decreases to less than 500 m. West
ward from the Santa Marfa-Barriga de Plata mountain range 
the Cuautla formation rapidly decreases in thickness to only



a few meters in a horizontal distance of 20 to 25 km. At . 
a point 7 km. northeast of Taxco the unit is only 20 m. 
thick, and some 12 km. south of Taxco it is only 15 m. thick, 
while in the. immediate vicinity of Taxco beds recognized as 
belonging to the formation have not been identified and were 
probably not deposited. In the vicinity of Iguala at the 
south end of the area mapped, the unit may consist of a few 
meters of thin limestone beds that were mapped with the Mex- 
cala formation, yet near Huitzuco only 20 km. to the east 
of there (fig. 1 ), the Cuautla formation is present in a 
thick bank facies similar to that farther north. The thick
ness thus seems to have been controlled by the nearly north- 
south paleo-shoreline, to the west, and the development of 
the Cuautla calcareous bank to the east.

Structure and stratigraphic relationships

The structural features described in the Morelos 
formation are also characteristic of the Cuautla formation, 
as the two participated in the same tectonic movements, and 
hence they need not be repeated here. The Cuautla forma
tion everywhere rests directly upon the Morelos unit. The 
fact that different stratigraphic horizons and lithologic 
types of the latter unit appear locally under the Cuautla 
limestone at relatively short distances laterally indicates 
that a period of marine withdrawal and erosion separated the 
two formations. This conclusion is further strengthened by
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the presence of basal clastic beds in the Cuautla formation, 
of which the constituent grains were derived from the More
los formation. The argillaceous fraction of the basal beds 
may represent insoluble residue from subaerial weathering 
and dissolution of the Morelos limestone and dolomite, and 
the dolomite grains may have been liberated by disintegra
tion of dolomite beds to sand as a result of leaching of 
the cementing calcite matrix. No angular relationship was 
noted between the two formations on an outcrop scale.

The next overlying unit consists of the Mexcala for
mation, which rests conformably on the Cuautla limestone 
without evidence of an intervening erosion period. Later 
erosion, however, removed the Mexcala unit in many places, 
and as a result, any one of the younger formations may rest 
directly upon the Cuautla unit, but everywhere with great 
angular unconformity. In the southwestern part of the area 
mapped, the lowermost part of the overlying Mexcala forma
tion may be equivalent in age to the upper part of the 
Cuautla bank facies farther to the east.

Fossils and age

The "bahainite" or calcareous bank facies of the 
Cuautla formation contains repeated blostromes of rudlstlds 
and gastropods, from the basal part of the unit upward to 
near the top, but the topmost, youngest beds of this facies 
in the area between Cuernavaca and Cuautla are devoid of
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identifiable macrofauna. Moat of the rudistids are partly 
to well siliclfied and can be recovered by dissolving the 
limestone in a dilute solution of hydrochloric acid. Ex-, 
cept for well siliclfied small gastropods in the basal cal- 
carehite beds that belong to the genus Nerinea, most of 
those higher in the formation are not siliclfied, regard
less of genus. Individuals of the rudlstld genus Duranla, 
for some unknown reason, rarely show even incipient silici- 
fication although they may occur together with abundant, 
well siliclfied individuals of other rudistid genera. Both 
rudlstld and gastropod groups seem to contain new species 
in addition to earlier-described forms. No attempt was 
made to name and describe the new species, but only to list 
them as indeterminate.. Just as in the Morelos formation, 
ammonoids are absent in the rudistid-bearing facies of the 
Cuautla formation. •

The following list gives the numbers of the samples 
collected from the lower, middle, and upper parts of the 
Cuautla bank facies, for convenient reference to the appen
dix, in which the provenance, lithology, and faunal content 
of each sample are described.

Upper part of Middle part of Lower part of
Cuautla bank facies Cuautla bank facies Cuautla bank facies

92

F-22-50 F-12-50. F-23-50
44 13 34
83 • 45 63

F-66-54 F-23-53 F-4-54
F55-42 F-12-54 23

48 22 F55-13



The faunas corresponding to each of the above groups 
of samples are listed below, in such a way that the forms 
in the upper part of each column are generally in a higher 
part of the section than those lower in the column, but some 
of the species listed are present throughout the group, as 
evidenced by comparing groups.

Upper part of Middle part of Lower part of
Cuautla bank facies Cuautla bank facies Cuautla bank facies

Hulticolumastreae Durania cornu-pasto- 
cyathiformis (Dun- ris (B'es Moulins) 
can Parona
Columastraea sp. Hippurites sp. a 
Durania cornu-pas- Hippurites sp. b 
toris (Des Moulins)Hippurites resec-
ParonaTrochactaeon sp. 
close to T. occi- 
dentalis 

Actaeonella sp. 
Hippurites sp. a 
Hippurites sp. b 
Hippurites resec- 
tus var. mexica- 
nus (Barcena) 

Mullerried  ̂
Radiolites muller- 
rledi Bauman 

Radiolites sp. 
Nerinea sp. 
Toucasla sp.

tus var. mexlca- 
nus (BarcenaJ~MQl- lerrled 
Radiolites s p. 
Radiolites muller- 
riedi Bauman 

Actaeonella sp. 
Nerinea sp. 
TetragrammaC?) sp. 
Toucasla sp.

•Hippurites sg. 
Radiolites muller- 
riedi Bauman 

Radiolites sp. 
Radiolites perfora
ta Palmer 
Toucasla sp.
Nerinea sp. (2) 
bisso'cladella sp. 
Aclcularia sp. 
Neomerls cf. N.
cretacea 

Boueina sp.
Halimeda sp. 
Holosporella of. H. 
siamensis

In view of the diagnostic macrofossils present in 
and collected from the Cuautla formation, no effort was made 
to.submit material for microfossil study, except three sam
ples from the basal clastic calcarenite beds under the "ba- 
hamite" bank facies. These were samples F-31-5^, F-33-54,



and F55-4. The thin-bedded, clastic calcarenite facies of 
the Cuautla formation, in the western and southwestern 
parts of the area mapped, contains few macrofossils and 
these are mainly fragmental or so poorly preserved that i- 
dentification is impossible. Accordingly, a sample (F57-43) 
was collected for microfossil study at the Junction of the 
Cacahuamilpa-Alpuyeca and the Taxco-Cacahuamilpa highways 
near the Cacahuamilpa Caverns a few kilometers north of the 
edge of the map in sheet 2 of plate 1 (quad. F-3; fig. 1). 
The stratigraphic position of this latter sample in rela
tion to the bank facies is not known, but the sample repre
sents the topmost limestone beds assigned by the writer to 
the Cuautla formation at that locality. The faunas identi
fied are as follows;

Basal clastic calcarenite un- Topmost beds of the western, 
der the "bahamlte" bank facies clastic limestone facies
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Quinqueloculina sp. 
Nummolocullna helm! Bonet 
Dicyclina s chlumbergeri Mu
ni er-Chalmas 

Cuneolina sp.
Pithonella ovalis(?) 
Calcisphaerula inominata(?)

Planulina cf. Planomallna 
opsidostroba lio'eblich and 
Tappan

Ammotium braunsteini(?)
(Cushman and Applln) 

Ammobaculltes cf. A. cuy- 
leri Tappan *~ 

Hassllina sp.
Quinqueloculina sp. (2) 
Trilocullna sp. 
Globotruncana(?)
Cuneolina(?)
Dlcyclina(?)

The macrofossils include several species of consid
erable use in fixing the age of the Cuautla formation. The



coral species Multicolumastraea cyathlformis was identified
95

by J. W. Wells, who states that it .was "originally des
cribed from the Rudist limestone of Jamaica, of Campanian- 
Maestrichtian age, and noted elsewhere only by myself in a 
collection made by Bruce Wade many years ago from the Car
denas beds (San Luis Potos£) of Mexico, Exogyra costata 
zone, considered to be Maestrichtian.... I suspect that 
(it) has a longer range than the two known occurrences would 
suggest" (personal communication). Wells also identified 
the coral species Columastraea sp., of which he writes that 
"the specimens represent a new species of the scleractlnlan 
coral genus Columastraea, a reef-building type. This is' 
the first record of this genus in the American Upper Creta
ceous. The most typical occurrence of this genus is in 
the European Upper Cretaceous (Turonian-Coniacian)" (per
sonal communication).

The rudlstld species Duranla cornu-pastorls (Des 
Moulins) Parana (see pi. 17-A and -B) is described by Miiller- 
ried (1950, p. 228) as occurring in Europe exclusively in 
upper Turonian rocks and as not having formerly been found 
in America. The gastropod Trochactaeon sp. was identified 
by H. F. Sohl, who writes that "the incompletely silicified 
gastropods of this collection are insufficient for specific
identification. Bose has described a form "T. occldentalls"

• .

from the "Lower Senonian" of San Luis Potosf which appears 
to agree in size but has less pronounced shoulders than the
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material from Morelos" (personal communication). The ru- 
distid Hlppurltes resectus var. mexicanus (Barcena) (see 
pi. 16-B and pi. 17-B) was re-defined hy Mullerried (1930, 
p. 63), who points out that this species first appears in 
Europe in upper Turonian rocks and is almost surely of the 
same age in Mexico. Both Radiolltes BoSllerrledi and R. 
newelll were named and described by Bauman (in press), who 
considers them to be of Turonian age. Radiolltes perforata 
was described from Huescalapa, Jalisco as a new species by 
Palmer (1928, p. 81-82), who further states that 11 species 
similar to those described from Huescalapa are very common 
in the limestone east of Cuernavaca in the State of Morelos. 
This genus affords the best means thus far known for corre
lating many widely separated exposures of the Turonian" (op. 
cit., p. 80).

The algal remains were studied by R. Resale, who 
gives the following ranges for the species and genera iden
tified: Dissocladella sp., Late Cretaceous to early Ter
tiary; Aclcularla sp., Cretaceous to Recent; Neomerls cf.
N. cretacea, Cenomanian; Bouelna and/or Halimeda, Creta
ceous to Recent; Holosporella cf. H. siamensis, known prev
iously only from the Triassic. The assemblage is according
ly of probable Cenomanian age, although this is not proved. 
The echlnoid Tetrap;ramma(?) sp. was identified by C. W. 
Cooke, who comments that "Mortensen gives the range of Te- 
tragramma as 1 Upper Jurassic (Sequanian) to Middle Greta-
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ceoua (Cenomanian)'. There is a species In the Washita 
group and another In the Fredericksburg group of Texas."
N. F. Sohl examined the small gastropods from the base of 
the Cuautla formation and distinguished at least two spe
cies of Nerlnea. one of which "bears a thin faint plication 
on the floor of the whorl, a. feature found in N. burckhardtl 
Bose from the ‘Lower Senonian1 near Cardenas (San Luis Po- 
tosf), but differs in being more obese in outline. Fur
ther comparison is impossible as few descriptions of such 
material from Mexico have been published and (the species) 
do not compare with any Gulf Coast forms" (personal commu
nication).

A species of Toucasla that is not named specifical
ly in the present report ranges through the Cuautla formation 
from the lowermost beds (see pi. 14-D) almost to the topmost 
beds, although it becomes less abundant upward in the sec
tion. Limestone blocks with silicified individuals (see 
pi. 17-A) were dissolved in dilute hydrochloric acid and a- 
mong the broken fragments recovered, three individuals re
tained the second valve, which, is a nearly flat operculum
like cover. A specimen from sample F-34-50 was examined by 
R. W. Imlay, who reports that “the species of Toucasla..... 
differs from both T. texana (Roemer) and T. patapdata (White') 
by its nearly flat right valve. Its larger left valve re
sembles the low-spired variety of T. pataglata. The latter 
appears to have a more highly frilled keel and a more flat



tened upper surface, but the differences are minor. T. tex- 
ana is distinguished from both T. patagiata and the species 
from southern Mexico by its depressed spire, which scarcely 
rises above the flat upper surface of the last volutions and 
by the volutions increasing in height and breadth more rap
idly during growth" (personal communication).

The microfossils in the basal clastic calcarenite 
under the "bahamlte" bank facies are in part eroded out of 
the underlying Morelos formation. The species of that ori
gin are Qulnqueloculina sp., Nummoloculina heimi, and Dicy- 
clina schlumberger1 (see pi. 13-C and -D), in the judgement 
of the writer. Species that are indigenous to the rock are 
thought to be Cuneollna sp., Plthonella ovalis, and Calci- 
sphaerula inomlnata.

Sample F57-43 from near Cacahuamllpa contains a some
what anomalous and puzzling assemblage of microfossils, which 
is at least different from assemblages found in either the 
underlying Morelos formation or the overlying Mexcala forma
tion. Examination of thin sections suggests to the writer 
that individuals of some genera, as for example Dicycllna, 
Qulnqueloculina, Trlloculina, and Hassllina may have been re
leased from the underlying Morelos formation by weathering 
and erosion, to be incorporated as silt-sized grains in the 
clastic calcisiltite and calcarenite beds, possibly account
ing for part of the anomalous nature of the assemblage. E.
R. Applin, who studied the fauna and identified the forms
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present, judges that the general aspect of the assemblage 
suggests a late Cenomanian age. Obviously, a detailed 
study of the microfauna In the "bahamlte" facies of the 
Cuautla formation Is desirable, for comparison purposes, 
and It may shed further light on the age problem of the 
calcarenite facies.

To summarize the partly conflicting evidence cited 
in the preceding paragraphs, the macrofossils of the thick 
calcareous bank facies of the Cuautla formation suggest 
that the basal beds are of early Turonian age, but the bas
al calcarenite may be as old as late Cenomanian. The top 
of the facies is almost certainly of late Turonian age.
Some of the forms reported range elsewhere upward in the 
time scale, but no positive evidence is available to indi
cate a post-Turonian age for any part of the Cuautla unit. 
The thin clastic calcarenite facies may be equivalent to 
the lowermost part of the bank facies and may actually be 
partly of late Cenomanian age. The top of this facies, 
however, is almost certainly of Turonian age, but it may 
not rise very high in the Turonian stage. Hear-shore rocks 
equivalent to the upper part of the bank facies may consist 
of interbedded siltstone and sandstone, which the writer 
has included in the overlying Mexcala formation. It must 
be remembered that the formations described in the present 
report are mappable lithologic(lithostratigraphic) units 
which may, and undoubtedly do in fact cut across time lines,

Univ. of Arizona Libra^
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If the formations are.traced laterally.

Correlation

Rocks corresponding in both lithology and age to 
the Cuautla formation have not been described west of the 
area mapped, except for an unnamed limestone unit at Hues- 
calapa (Palmer, 1928, p. 9) in the southeastern part of the 
State of Jalisco (pi. 3-A). Rocks of the same age but of 
different lithology, consisting of marine clastic sediments 
instead of limestone, are probably rather widespread west 
of Taxco but have not been mapped separately except in the 
Huetamo region, where they have been named the Mai Paso for
mation (PantoJa-Alor, 1957, p. 30-37)• The lower part of 
this formation may be equivalent in age to part of the Cuau
tla formation, but the facies is quite different. Rocks of 
Turonian age are present in Guerrero also south of the a- 
rea mapped. Between Iguala and Chilpancingo a thin-bedded 
clastic limestone unit between the Morelos and Mexcala for
mations is equated with the Cuautla formation by Bohnenber- 
ger-Thomas (1955, p. 23-26). Rocks of Turonian age are des*- 
cribed near Tixtla, west of Chilpancingo (fig. 1), by Muller- 
ried (1945, p. 257-263), who does not, however, present a 
lithologic section and only states that they consist of in- 
terbedded shale and sandstone with limestone “lenses". Most 
of his "Upper Cretaceous" rocks are of post-Turonian age, 
but some limestone beds are apparently present at the base
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of the section. Gusman (1950, p. 128-134) also describes 
"Upper Cretaceous" rocks in central and northeastern Gue
rrero, most of which are of post-Turonian age and equiva
lent to the Mexcala formation of the present report, but 
some Turanian limestone seems to be present at the base of 
this series of rocks.

Rocks of similar lithology and age to both bank and 
clastic facies of the Cuautla formation crop out in south
western Puebla and northwestern Oaxaca (fife. 1 and pi. 3-A), 
where they were named the Petlalcingo formation by Salas 
(1949, p. 114-118) and are further defined and described 
by Erben (1956, p. 27-30). Limestone predominates in the 
Petlalcingo formation, but interbeds of calcareous siltstone 
and shale are also present. The lithology apparently var
ies widely from place to place. Farther north in western 
Puebla the "Escamela" formation seems to comprise most of 
the Cretaceous rocks and may include some Turonian limestone.

North of the area mapped, in the vicinity of Apaxco 
at the Hidalgo-Kexico State boundary line, the Cuautla bank 
facies reappears from under the Tertiary cover and continues 
northwestward from there into southwestern Hidalgo. The 
name Cuautla has been retained for this facies (Segerstrom, 
in press), but a thinner-bedded clastic limestone unit with 
scattered thin shale interbeds lying to the east of the out
crop belt mentioned has been correlated with the Soyatal for
mation, which was named by Wilson and others (1955> p. 3)
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for outcrops In east-central Queretaro (pi. 3-A). The So
ya tal formation is considered to be mainly of Turanian age.
In northernmost Hidalgo and southeastern San Luis Potosf, 
limestone beds equivalent to the Soyatal formation have been 
called the Agua Nueva formation, which forms the lower unit 
of the Xilitla group as defined by Bodenios and Bonet (see 
Bodenlos, 1956, p. 302-303).

I-Iexcala formation
Distribution and phys1ographic expression

The name Mexcala formation was suggested by the 
writer (1956c) for the sequence of interbedded calcareous, 
sandstone, siltstone, and shale beds, with minor clastic 
limestone lenses, that overlies the Cuautla formation in 
the area mapped and southward from there. The name refers 
to both the town and river near Km. 220 of the Acapulco 
highway (fig. 1), about 40 km. beyond the south edge of 
the map in plate 1. The unit is so tightly folded that re
petition of beds is the rule and the true lithologic sequence 
can not generally be determined with certainty. The type lo
cality was therefore chosen along the Mexcala or Balsas Riv
er just east of the highway bridge, because this locality 
seemed to have the least folded and most easily accessible 
section in a very large region. The unit at.the type local
ity was described in detail by Bohnenberger-Thomas (1955, pi. 
5 and 6) in an unpublished thesis on the geology between
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Iguala and Chilpancingo.

The Mexcala formation crops out in synclinal belts 
in many parts of the area mapped. It is best exposed south
west of Taxco, as well as north and south of Km. 137 of the 
Amacuzac-Taxco highway (quad. G-3). The west flank of the 
mountain range from Cerro Barriga de Plata (quad. D-7) 
southward to Cerro Santa Marfa and thence down the China
me ca River (quad. H-7) consists of nearly continuous out
crops of this formation. Other good exposures are to the 
west and southwest of Cerro Jojutla (quad. H-6 ). The unit 
continues southward into central Guerrero, southwestward 
into northwestern Guerrero, westward for perhaps 20 km. in
to the State of Mexico, northward into the State of Hidal
go, and eastward into western Puebla and Oaxaca. It has 
transgressive relationships to all older Cretaceous forma
tions in the vicinity of Taxco, and it may have the same re
lationship to the west and south of there.

The Mexcala formation is poorly resistant to erosion 
and tends to form lowlands, except where it is held up or 
protected by adjacent higher limestone outcrops. Topography 
developed on it is mature and is characterized by intricate
ly dissected terrain with rounded hilltops or sharp ridges 
and V-shaped valleys. Drainage lines are generally dendri
tic and not significantly affected by the structure of the 
beds, except in a very broad way, owing probably to the in
tricate tight folding and irregular bedding attitudes. The
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best illustration of the topography developed on the forma
tion is the area southwest of a line between Taxco Viejo and 
Taxco in the middle center of the oblique air photograph in 
plate 7. Another illustration is the center foreground in 
the photograph in plate 5, between the Amacuzac River and 
Gerro Jojutla, but there the pattern is somewhat complicated 
by the constructional surface on the late Pliocene Cuernava
ca formation, which partly buries the eroded Mexcala forma
tion.

Lithologic variations in the Mexcala unit affect the 
erosion pattern developed on it. This is particularly true 
of the lowermost, highly calcareous beds, which may make the 
distinction between this unit and the thinner-bedded facies 
of the underlying Cuautla formation difficult to make. The 
only other formation in the region that may have a physio
graphic expression somewhat comparable to that of the typi
cal Mexcala formation is the overlying Balsas clastic group, 
where the member in contact with Mexcala beds is composed 
of poorly indurated silts and sands. Such an area appears 
in the center foreground of the photograph in plate 6 , a- . 
long the highway to the right of Santa Fe, and also in the 
area east and southeast of Iguala, as far south even as Zum- 
pango del r£o (fig. 1).
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Lithology and thickness

The Mexcala formation is highly variable in lithol
ogy, both laterally and across the section. The basal part 
is nearly everywhere calcareous and may consist of either 
argillaceous limestone or calcareous siltstone beds aggre
gating from a few meters to perhaps 30 m. in total thick
ness. The basal limestone, where present is made up of 
dark-gray, somewhat laminated clastic calcarenlte beds from 
10 to 20 cm. thick. The change in lithology from that of 
the underlying unit is abrupt where the latter consists of 
the Cuautla bank facies, but where the clastic limestone fa
cies of the Cuautla unit is present, a distinction between 
the two is difficult to make without the aid of fossils.
The latter condition prevails in the western and southwest
ern parts of the area mapped.

On top of the limestone are interbedded shale and 
calcareous siltstone, with minor sandstone. Upward in the 
section the sandstone or subgraywacke interbeds become in
creasingly abundant, and fine-grained conglomerate beds al
so appear. The clastic beds range in thickness from a few 
centimeters, for the finer-grained rocks, to more than a 
meter for the sandstone. Fine-grained beds show lamination 
and coarser-grained beds show crossbedding. Ripple marks and 
other irregular markings are common on the sandstone bed
ding planes.



In thin section the fine-grained sandstone or sub- 
graywacke in the lower part of the formation is seen to he 
made up largely of detrltal clastic grains of limestone and 
dolomite, with quartz as the next abundant constituent, and 
feldspar and completely altered mafic minerals as relative
ly minor constituents (pi. 18-A and -C). Higher in the sec
tion the carbonate grains become less abundant. Well above 
the base of the formation in the Taxco district and to the 
north of there, interlenses appear that are composed of 
fine-grained limestone conglomerate or calcirudlte, which 
are obviously derived from the underlying formations as 
some grains contain miliolids. Conglomerate beds higher 
in the formation contain much larger quantities of quartz 
grains' and other igneous minerals.

The lower part of the formation contains consider
able carbonaceous matter in the form of woody stems in silty 
and sandy beds and on bedding planes. Some siltstone beds 
are black from admixture of more finely comminuted and dis
seminated carbonaceous matter (pi. 18-E). Distribution of 
the carbonaceous beds was not studied in detail, but infor
mation at hand indicates that it may be relatively local 
rather than widespread. Carbonaceous matter is not con
fined to a single horizon, although it is certainly less 
abundant upward in the section. Basal calcareous siltstone 
or argillaceous limestone beds contain fish scales in some 
places, together with foraminifera (pi. 15-A), pelecypods,
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and ammonolds, Taut microfauna is scarce in most of the for
mation, and macrofauna is even scarcer above the lower 200 
m. or so of the unit. ■

Colors are also variable laterally and vertically, 
but dark shades predominate. The most common color in fresh 
exposures is dark olive gray, although locally beds may be 
purplish, reddish, black, and even green. The overall col
or in weathered outcrop is light to dark brown. An unusual 
weathering color appears along the Amacuzac-Taxco highway 
between Km. 144 and Em. 147 (quad. G-2), where remnants of 
the overlying Tilzapotla tuff lie on the Mexcala formation. 
The soil, subsoil, and even bedrock for several meters be
low the contact have a marked bright reddish stain, a fea
ture interpreted to indicate a lateritlc type of weather
ing before the tuff was deposited.

The complete original thickness of the Mexcala for
mation can nowhere be measured because the upper part of the 
unit was eroded to an unknown extent before the next over- 
lying, Tertiary formation was deposited. Moreover, compres
sion was so intense that the unit is closely folded even on 
a small scale, and beds are thus repeated an unknown number 
of times in almost any locality chosen for measurement. The 
great width of the outcrop belts, as well as the relatively 
great total relief on the formation, indicate that the thick
ness must be more than several hundred meters, but no reli
able estimate can be made in the area mapped. The closest
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reliably measured section is that of Bohnenberger-Thomas 
(1955, p. 27-28), at the type locality along the Mexcala 
River for about 3 km. east of the Acapulco highway bridge 
(fig. 1). Calculations based on a Brunton and pace traverse, 
taking into account changes in bedding attitude, gave a to
tal of 1220 m. This is not, of course, the full original 
thickness, which must have been considerably greater in 
view of the long time lapse before the next formation was 
deposited (possibly Santonian to late Eocene or early 011- 
gocene time, or perhaps 25-35 million years). An indepen
dent estimate of the thickness made by H. Jenny in an un
published report and cited by Bohnenberger-Thomas (op. clt., 
p. 28) is 1290 m. Although the thickness of the unit still 
present varies widely from place to place, the writer thinks 
that a nearly equal thickness may remain in the vicinity of 
the Amacuzac River, in the Hlgueron syncline on the west 
side of Cerro JoJutla (eastern border of quad. H-6), Judg
ing from the coarseness of the higher beds in that locality, 
and possibly also in the San Caspar syncline to the north of 
Cerro Jojutla.

Stratigraphic relationships, structure. and metamorphlsm

The Mexcala formation generally rests upon the Cuau- 
tla formation, either on the calcareous bank facies or on the 
clastic limestone facies, but locally the Cuautla unit is ap
parently absent and the next underlying, Morelos formation
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appears at the contact. In the Taxco district, where the 
Early Cretaceous paleo-peninsula crops out, the Mexcala 
formation locally rests directly upon the Paleozoic Taxco 
schist without any intervening formations, hut in some 
places it may rest upon one of these intervening units. The 
formation appears to be conformable with the underlying 
Cuautla formation in the area mapped, and neither angular 
nor eroslonal relationships were noted. The fact that 
limestone and dolomite grains eroded from the Cuautla and 
Morelos formations make up clastic calcarehlte and calcl- 
rudite beds and lenses, even in the lower part of the Mex
cala formation, indicates, however, that uplift had occurred 
somewhere in the region to supply this detrital material.
In view of the apparent dominance of eroded Morelos debris 
in these clastic beds, the writer thinks that the major up
lift or deformation began in the interval between the More
los and Cuautla formation, as indicated in the chapter on 
the latter unit, and continued through Cuautla and Mexcala 
time.

No marine deposits are known to have overlain the 
Mexcala formation at any time, and the next overlying for
mation may be any one of the Tertiary units, beginning with 
the Balsas clastic group, with great angular and eroslonal 
unconformity.

A period of strong deformation occurred after the 
Mexcala formation was deposited. This resulted in the pro-
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auction of northerly trending major structures and smal- 1 
ler-scale close folding of this relatively Incompetent 
clastic unit, with the development of repeated, chevron- 
type folds, abundant small thrusts, and much shearing of 
some beds. Coarser-grained beds were fractured and secon
dary cal cite healed the fractures. By far the most severe 
effect of folding is exhibited in the Taxco district, where 
the Taxco paleo-peninsula acted as a more rigid basement 
against and over which the Mexcala formation was shoved 
and deformed. The result was to produce abundant overturned 
folds and. thrusts and to metamorphose the shale and silt- 
stone beds to low-grade phyllite (see pi. 18-E), accompanied 
by the development of flow cleavage and flssility in the 
calcareous beds. The Mexcala unit at the contact with the 
schist has been strongly mylonitized from place to place. 
Intense shattering occurred in some beds, with healing by 
abundant white calcite and minor quartz veinlets. Good ex
posures of the metamorphosed Mexcala rocks appear in the 
road cuts from Km. 161 to Km. 166 of the Taxco-Iguala high
way (quad. H-l).

Another locality in which the unit is unusually 
strongly deformed and weakly metamorphosed is traversed by 
the Amacuzac-Taxco highway between Km. 138 and Km. 146 
(quad. G-2). The cause of this local feature appears to be 
the large fault along the base of Cerro Acuitlapan and the 
meeting of two divergent fold axes in that locality. Defer-
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nation, and incipient metamorphism are stronger in the lower 
beds of the formation than in the higher beds, owing to 
deeper burial, buttressing against rigid underlying limestone 
formations or metamorphic basement rocks, and finer-grained 
nature of the lower beds. Microfauna in these lower beds 
has been partly to completely destroyed or deformed beyond 
recovery and recognition.

Fossils and age

Most of the macrofossils found in the Mexcala for
mation have come from the lower 200 m. of beds, but the most 
prolific part has probably been only the lowermost 60 m.
Both ammonoids and pelecypods are present as impressions in 
beds ranging in lithology from limestone to coarse sandstone, 
and they have been found in localities scattered from the 
northernmost outcrops of the formation to the exposures a- 
long the Chinameca River in the southeastern corner of the 
area mapped. Hone were found in the southwestern part of 
the area and none have been found high in the formation. Ma
terial is included from two localities near Zumpango del r £o , 
close to Km. 255 of the Acapulco highway, because fossils 
from the beds at that place were collected and described in 
considerable detail by Burckhardt (1919, p. 81-132) and Bose 
(1923, p. 190-210). The writer made a new collection from 
the localities for re-study, in order to compare the forms 
present with those found farther north.
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The following list gives the numbers of the samples 

collected that yielded macrofossils, arranged to indicate 
the part of the formation from which they came. Detailed 
descriptions of provenance, lithology, and faunal content 
of the individual samples can be obtained from the appendix.

Middle part of the Lower and basal parts
Mexcala formation of the Mexcala formation

F-33-50 
F-17-53 18 22

F-53-50 F-68-50
57 90
59 F-l-5360 2 to
61 15
67 F55-70

Macrofossils Identified in these samples are grouped
below in the same manner:

Middle part of Mex- Lower and basal parts
cala formation of the Mexcala formation

Peroniceras so. 
Pteraptychus(?)

Trauth 
Duranla sp.

Barroisiceras cf. B. alstadenense Solger 
Barroisiceras cf. B. haberfellneri von 

Hauer
Barroisiceras sp.
Peroniceras cf. P. subtricarinaturn Sturm 
Peroniceras cf. P. czornigi Redtenbacher 
Peroniceras sp.
Peroniceras cf. P. subtricarinatum 

Drescher
Otoscaphites.cf. 0. geinitzi (Jahn) 
Otoscaphites cf. 0. aurltus (Schluter) 
"brioceras" sp.
Didymotis cf. D. trlnidadensis Sommer- 

meler
Inoceramus sp.

(Species collected Barroisiceras cf. B. haberfellneri v. Hauer
from near Zuinpango Peroniceras sp.
del Rio; samples Otoscaphites aff. Scaphites geinitzi Jahn
F-90-50 and F55-70) Otoscaphites aff. Scaphites aurltus

(Schluter)
Scaphites aff. S. geinitzi D1Orbigny
Didymotis sp.



All the species of ammonoids found in the lower and 
"basal parts of the formation in the area mapped, as well as 
those near Zumpango del Rfo, are considered "by R. ¥. Imlay, 
who made the identifications, as being of early Coniacian 
age. Burckhardt had earlier described these species and 
others in beds from the Zumpango del Rfo locality (1919, p. 
93-117) and had considered them to be of early Coniacian 
age (p. 125-126), except species of "Scaphltes11 in the low
ermost beds, which he thought were either of latest Turon- 
ian or earliest Coniacian age (p. 124). In this respect, 
Imlay comments that “Burckhardt considered that the lowest 
measured beds below those containing Barroisiceras were of 
late Turonian age because they contained small scaphltids 
with lateral lappets (Otoscanhites Wright, 1953) similar 
to species in the upper Turonian of Europe. The Turonian 
identification is rather weak because similar specimens of 
Otoscaphltes occur in the overlying beds with Barroisiceras 
and Peronlceras and because Otoscaphltes is known from the 
Coniacian in other parts of the world. Our records of the 
range of Barroisiceras show that it is confined to the low
er Coniacian and in the western interior region (of the 
United States) occurs directly above Prlonocyclus which 
marks the top of the Turonian" (personal communication).

Another form that is characteristic of early Coniar 
clan age is the pelecypod species Dldymotis cf. D. trinidad- 
ensls Sommermeier, of which Imlay writes: "The common pele-
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cypods "belonging to Dldymotis were described by Bose (1923, 
p..208-210) as species of Inoceramus.. . Dldymotis differs 
from Inoceramus by its rounded outline, subcentral beak, 
thinner shell, rounded concentric ribs, irregular radiat
ing lines and ribs, and by having a different hinge. It 
has been found at many places in Trinidad, Venezuela-and 
Colombia associated with such Coniacian ammonites as Barr- 
oislceras, Prionocycloceras and Gauthlericeras.... .I have 
compared the specimens of Dldymotis from southern Mexico 
with our collections from South America (U. S. National 
Museum) and find them apparently identical with D. trlnl- 
dadensls Sommermeier (1918, p. 132) from Trinidad. We have 
a number of fine specimens of that species associated with 
Barroislceras in well cores from Trinidad. The much finer- 
ribbed D. varlabills Gerhardt occurs at a slightly lower 
level in the well" (personal communication).

The writer found specimens of Dldymotis and Barroi
slceras associated in the same beds only 20 to 30 m. above 
the base of the Mexcala formation at the contact with the . 
Cuautla formation only 1800 m. due southeast of El Progreso 
(quad. D-7; samples F-2-53 to F-15-53), and also with Per- 
onlceras within 10 m. of the contact between these two for
mations about 1000 m. east-northeast of Tlaquiltenango 
(quad. G-7). They occur with Otoscaphites and Peronlceras 
at several localities along the Chinameca River (quad. H-7), 
also within about 10 m. from the contact with the underlying



115
Cuautla formation. In the area mapped, just as near Zum- 
pango del Rfo, species of Peroniceras continue up into 
higher beds from which Otoscaphites and Barroislceras ap- 
parently drop out.

A large individual (12 cm. across) of an unidenti
fiable species of the genus Peroniceras (sample F-18-53). 
an apparently new species of Durania about 26 cm. long 
(sample F-17-53), several impressions of Pteraptychus(?) 
(sample F-22-53), and a small immature Individual of Didy- 
motls were found in olive-gray sandstone"beds from 400 to 
450 m. due west of Km. 17 of the Cuernavaca-Cuautla high
way that probably represent the middle part of the Mexcala 
formation. Of the ammonoid Imlay says that "(it) may be 
compared with Peroniceras as its ribs are simple and nearly 
straight, the upper part of the flank is marked by a row 
of tubercles, and the venter bears a keel bordered by two 
furrows. The coiling appears to be more open than in the 
somewhat similar ammonite Texanltes which is common in the 
Taylor group (Campanian) of Texas" (personal communication. 
He comments that the aptychi “possibly belong to Pterapty
chus Trauth. Very little work has been done with aptychi 
and the work that has been done indicates that the 'species' 
are long ranging and probably correspond to families as 
based on the complete ammonite shell." He further comments 
that "neither Reeside or Cobban recall seeing aptychi asso
ciated with Barroislceras in the United States", an observa-



116
tion suggesting that they belong to some other ammonoid 
genus. According to G. A. deCserna, the large individual 
of Duranla is different from any of the species described 
from Mexico.

Microfauna was studied in specimens collected from 
various parts of the area mapped, as well as from differ
ent levels ranging from low to high in the Mexcala forma
tion. Most of the samples collected from shale interbeds 

' between sandstone beds in the middle and upper parts of the
unit either contained no microfauna or the fossils were too

I  •' - ■ ■■■ ’ ■ ■ ' ' ' • ■I poorly preserved for even generic identification. Several
I samples collected from a few kilometers west and south of

the area mapped are included because of the additional 
, light they shed upon the age and distribution of the Mexca

la formation. The list that follows contains the numbers of 
the samples from which microfossils were Identified. Sam- 

, pies are arranged in two groups according to the part of the
formation from which they came. Detailed descriptions can 
be found in the appendix.

High part of the Lower and basal parts of
Mexcala formation .the Mexcala formation

F-20-54 F-20a-50 F55-81
91 9692 F56-12

F-28-54 13
F55-49 .....  F57-4268 44
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The microfossils Identified in the above-cited 

samples are named below in the same groupings.

High part of the Lower and basal parts
Mexcala formation of the Mexcala formation

Ammobaculites(?) sp. 
Spiroplectammina aff. S. 
paleocenica Cushman "~ 
Martinottiella sp. 
G-umbelina sp. 
tamarckina aff. L. 11m- 
*bata Cushman and Todd 
Valvullnerla sp. 
Anomalina sp.
Ciblcldes newmanae 
"(Plummer)
Planulina correcta 
(Carsey) (T)

Haplophragmoldes(?) sp. 
AmmomarffinullnaT ?) Gaudrylna sp.

Praeglobotruncana delrioensisf?) 
Globochaete(?)
Galclsphaerulaf?) sp.
Plthonella ovalls 
PlanoKlobulina acervullnoldes 
Bolivlna monlllfera 
Globotruncaua fornlcata 
Globotruncana schneegansl 
Globotruncana area 
Globotruncana conlca 
Globotruncana conlca var. nllcata 
Globotruncana lapparenti Boll! 
Globotruncana canallc'ulata 
Globotruncana canallculata var. 
ventrlcosa

Globotruncana rosetta (Carsey) 
Gumbellna elegans 
Gumbellna Klobifera 
Gumbellna pupa 
Gumbellna sp.
GlobiKerina cretacea 
Globigerina sp.
Calcified radiolaria

By way of additional information, the following as
semblages of foramlnlfera determined by paleontologists of 
Petroleos Mexicanos are quoted from Bohnenberger-Thomas
(1955,-p. 34-35).

(Sample from about 1000 m. above the base of the Mexcala for
mation, from along the Balsas River 1200 m. east of the Aca

pulco highway bridge)

Gumbellna pupa (Reuss) Globotruncana sp.
Gumbellna globulosa (Ehrenberg)
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(Samples from within about 50 m. of the base of the Mexcala 
formation, from between Kin. 186 and Km. 18? of the Acapulco 
highway and from Just east of the highway bridge over the

Balsas River)

Globotruncana sigall Relchel Globotruncana sp.
G-lobotruncana lapparentl carinata Gumbellna striata (Ehren-
Globotruncana cltae Boll! _berg)
Globotruncana lapparentl Bolll Gumbellna sp.
Globotruncana lapparentl bull- Globlgerlna sp.

oides Vogler Dictylomytra multicosta
Globotruncana rosetta (Carsey) Zittel (radiolarian)

The species cited by Bohnenberger-Thomas from high in the 
formation are considered by paleontologists of Petroleos 
Mexicanos to be of Senonian age (Coniacian-Maestrichtiaji), 
but without indication as to the position in this stage 
group. Of the species cited from the lower part of the for
mation, Globotruncana sigall Relchel and G. lapparentl car
inata are considered by the same paleontologists to be of 
Turonian age and the rest are of Senonian age.

In the area mapped by the writer farther north, the 
microfaunal assemblage from the highest part of the Mexcala 
formation sampled, on the east side of the San Gaspar syn
cline east of Emlliano Zapata (quad. E-6; sample F-20-54), 
is markedly different from that along the Balsas River (see 
corresponding tables above). It is particularly different 
in lacking species of Globotruncana and Globlgerlna, although 
it does contain a species of Gumbellna. The sample was 
washed and examined by paleontologists of Petroleos Mexica- 
nos, who write (freely translated) that "the fauna is poorly 
preserved and does not contain index fossils of any period,



although we think that it can not he older than Cretaceous 
because of the presence of Gumbellna sp. However, some 
forms like Lamarcklna, Splroplectammlna, and Glblcldes are 
present that could indicate a Paleocene age, as they are , 
characteristic species of the Midway formation of Texas" 
(personal communication).

A part of the washed sample was examined by R. Todd, 
who states that Planulina correeta (Carsey)(?) "is known 
from the uppermost Navarro of Texas" (Maestrichtian), yet 
the assemblage contains a fiew, unnamed.genus "to be des
cribed by A. R. Loeblich, Jr., (who) observed it in the Cen
omanian of France and Santonian of Spain, but not hereto
fore on this continent.... The fauna is not similar to any 
with which I am familiar. It is unlike many of the faunas 
of the Upper Cretaceous of Mexico and the Gulf coastal area 
of the United States in lacking planktonic specimens, such
as.... Globlgerlna and Globotruncana, which (with Giimbell-
na) are to be expected in marine Upper Cretaceous sediments" 
(personal communication). Obviously, the particular facies 
of the Mexcala formation represented by this sample is dif
ferent from the common facies of Upper Cretaceous marine 
clastic rocks of the Gulf coastal region of the United States 
and Mexico. Further study of the fauna of this facies is 
desirable, as at present it is not useful in fixing the pre
cise age of the enclosing rocks.

119
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The lowermost, oldest part of the formation in the 

area mapped seems to be represented by sample F57-42, from 
the basal calcareous siltstone beds near Cacahuamllpa Cav
erns. Chips examined by E. R. Applin were found to contain 
very sparse fauna, which consists mainly of Praeglobotrun- 
cana delrloensls (? ), Gumbellna(? ) sp., and G-loblfterlna(? ) 
sp. In regard to P. delrloensls(?) she comments that it
itis poorly defined on the slide. Bronnimann and Brown give 
its range as 'Albian to Cenomanian, possibly lower Turoni- 
an*. Another form which the same fossil closely resembles 
is Helvetoglobotruncana helvetica (Bolli) which is found 
in the lower Turonian of Israel.... From faunal evidence 
I would suggest that locality F57-42 probably represents 
some part of Eagle Ford (Turonian) time. The Austin and 
younger.... .Cretaceous sediments of the Gulf coast....gen
erally contain common to abundant specimens of several spe
cies of Globotruncana, but in the Eagle Ford, Globlgerlna 
and Gumbellna are dominant and there are relatively few 
specimens of Globotruncana" (personal communication).

Sample F55-49 from within 15 m. of the underlying 
Cuautla formation west of Cuautla was found to contain Glo
botruncana schneegansl by A. R. Loeblich, Jr., who considers 
the sample to be of Coniacian age. "Sample 555-81 from bas
al beds of the Mexcala formation at Km. 148.8 of the Amacu- 
zac-Iguala toll road was examined by F. Bonet, who reports 
the presence of Gumbellna sp. and goes on to say that it
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has a singular foraminlferal fauna that is different from 
that known up to now in the Upper Cretaceous of Mexico (per
sonal commumication). Sample F55-96 from basal beds of the 
Mexcala formation at Km. 155.3 of the same highway was al
so examined by F. Bonet, who reports the presence of Pith- 
onella ovalis, Gumbellna sp., Globigerlna sp., and calci
fied radiolaria and thinks that the sample is of Turonian 
age. The data from microfauna thus appear to indicate that 
the basal part of the Mexcala formation varies in age from 
place to place.

By way of summary, the macrofossils found in the 
lowermost beds of the Mexcala formation in the area mapped 
provide nearly Incontrovertible evidence for the early Co- 
niacian age of the enclosing sediments and further indi
cate that these are near the boundary of the Coniaclan and 
Turonian stages. The microfossils, on the other hand, give 
much conflicting evidence for the age of the lowermost beds. 
Sufficient forms seem to be present, however, to indicate 
that in the western and southwestern parts of the area, as 
well as south of Iguala, where the Cuautla bank facies is 
not present, the lowermost Mexcala beds are of late Turonian 
age. In other words, the base of the formation varies in 
age from one place to another, depending upon the proximity 
of the paleo-shoreline and the position of calcareous banks 
in Cuautla time.
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• Evidence for the age of the highest part, of the Mex-
cala formation Is much more equivocal, and In fact the young
est beds deposited in Mexcala time were later eroded and are 
nowhere present in the region. Macrofossils were found on
ly at some unknown level well up in the formation and do not 
prove an age younger than Coniacian. Microfossils give such 
conflicting evidence that any close age assignment is un
warranted. With the exception of two or three species of 
microfossils, however, the rest of the microfauna does not 
prove an age younger than early Senonian. Accordingly, for 
any age assignment younger than Santonian, the writer thinks 
that further evidence, is indispensable.

Correlation

The nearest named formation west of the area mapped 
is in the Huetamo region (locality 5> pi. 3-A), where Panto
ja- Alor (1957, p. 30-37) described the Mai Paso formation 
as probably being equivalent in age to the Cuautla and Mex
cala formations, but the lithology of the Mai Paso formation 
is more nearly like that of the latter. The Mexcala forma
tion has been mapped, as such, southward from Iguala to the 
southern end of its outcrop at the latitude of Chllpanclngo 
(fig. 1). It continues southeastward from Iguala as an un
named unit into northeastern Guerrero and northwestern Oaxa
ca, where it was named the Tilantongo marl (Salas, 1949, p. 
118-120). The latter unit rests on the Upper Petlalcingo



limestone of Turonian age (Cuautla equivalent) and is over- 
lain with angular unconformity by early Tertiary clastic 
rocks. Its age is considered to range from late Turonian 
to Santonian or Campanian time (Erben, 1956, p. 30-31).
In east-central Puebla the nearest named rocks of similar 
lithology to the Mexcala formation, as well as of similar 
age, may be the upper part of the Upper Escamela formation.

North of the State of Morelos, rocks of nearly equi
valent age and lithology to those of the Mexcala formation 
crop out in the States of Mexico, Hidalgo, and Queretaro 
(pi. 3-A). The same name has been retained in southwestern 
Hidalgo (Segerstrom, in press), but farther north in east
ern Queretaro and west-central Hidalgo, the name Mendez 

| shale was used by Wilson and others (1955, p. 3). The ex-
j tension of this latter name from southeastern San Luis Fo-

tosf, where the formation consists of a thick sequence of 
shale beds of mainly Maestrichtian age, is unfortunate, be
cause the Queretaro-Hidalgo unit is older and differs in 
lithology, resembling more closely the Mexcala formation in 
both aspects. The unit still farther north, in southeastern 
San Luis Potosf, that is equivalent in general age but not 
in lithology, to the Mexcala formation is the upper part 
of the Xllitla group, as defined by Bodenlos and Bonet (see 
Bodenlos, 1956, p. 302-303). This unit is called the San 
Felipe formation and consists of a sequence of limestone 

! beds. In other words, the Mexcala formation eventually
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pinches out or possibly interfingers with the San.Felipe 
formation to the north. -

Balsas clastic group
Distribution and physiographic expression

The name Balsas clastic group (Fries, 1956c) was 
proposed for a composite unit which comprises a large vari
ety of local lithologic units of variable thickness in the 
drainage basin of the Mexcala-Balsas River of south-central 
and southwestern Mexico. The group may eventually include 
several dozen distinct formations when sufficient detailed 
mapping has been done, but no attempt was made to separate 
out and define the different lithologic units for the pres
ent study. The group includes such widely diverse rocks as 
gypsum, fresh-water limestone, limestone conglomerate, vol
canic conglomerate, tuffaceous sandstone, tuffaceous silt- 
stone, and claystone, as well as volcanic breccia, tuff, 
and interbedded lava flows. Some units are well Indurated 
and others show almost no induration. One characteristic 
feature of these diverse units is the fact that they are 
the oldest Tertiary rocks on the folded and eroded Creta
ceous and pre-Cretaceous formations. They are in turn old
er than the widespread and abundant volcanic rocks that 
characterize the middle part of the Tertiary system in 
central Mexico. A third feature is their generally moder
ate degree of deformation in contrast to the slight defor-
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matIon of the middle and late Tertiary rock units. All 
these features together give a certain unity to this rath
er heterogeneous group of rocks.

The Balsas clastic group crops out in many places 
in the area mapped. One of the largest outcrop areas is in 
the low, broad valley around Iguala (quad. J-2), whence it 
continues southward and southwestward beyond the edge of the 
map. Another important outcrop area appears at Taxco, whence 
it extends to the northeast (see Edwards, 1955, p. 173-179) 
and southwest. A third large exposure is in the Chontal- 
coatlan valley (quad. F-2 and 0-2) west of Cacahuamilpa Cav
erns, and still another one forms a nearly north-south belt 
between Teacalco and Huajintlan on the Amacuzac-Taxco high
way (quad. G-3). Extensive outcrops.from the group of low 
hills north of Puente de Ixtla (quad. 0-5). Farther east, 
a broad irregular nearly north-south outcrop belt extends 
from Cerro Amarillo (quad. E-7) southward to Cerro Temilpa 
and beyond the edge of the map. Other smaller isolated ex
posures occur scattered over the area mapped, resting a- 
gainst the Cretaceous formations. Among these, notable : 
patches are exposed northwest of Alpuyeca (quad. F-5 and E-5), 
southwest of Tlaquiltenango (quad. G-7), west of Tehuixtla 
(quad. H-5), at Emiliano Zapata (quad. D-6), southeast of 
Tetecalita (quad. E-6), north of Oacalco (quad. D-6), south
east of San Carlos (quad. D-8), northeast of Cocoyoc (quad.
D-9), west of Anenecuilco (quad. E-9), and south of Tlayecac
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(quad. F-10).

The unit continues west of Iguala in the Balsas 
drainage system, where several large basin-like areas are 
present that consist of outcrops of some hundreds of square 
kilometers in extent. It continues from place to place 
southward as far as Km. 315 of the Acapulco highway (fig.
1). It is an important formation in northeastern Guerrero 
to the southeast and east of Iguala, extending into Oaxa
ca. It also continues eastward from Morelos into the State 
of Puebla, and small isolated patches appear north of Mex
ico City in the State of Hidalgo.

The physiographic expression of the group is as 
variable as its constituent units. The well indurated 
limestone conglomerate forms smooth rounded hills with 
far-spaced drainage lines, much like the topography on the 
Cuautla and Morelos formations. An example is Cerro Ama
rillo, in the distant center of the oblique air photograph 
in plate 5, which represents one extreme type of topography. 
The other extreme is the intricately dissected, poorly in
durated silt-sand-conglomerate sequence shown beyond Puente 
de Ixtla in the left center of the photograph in plate 4. 
Somewhat similar topography appears to the right of Santa 
Fe in the foreground of the photograph in plate 6, and ano
ther area of well dissected, friable beds is to the left 
of Acamixtla in the central part of the photograph in plate
7. Thus, the basal beds of the group, consisting dominantly
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of coarse-grained, well Indurated limestone conglomerate, 
do not differ appreciably from the Cretaceous limestone 
units In physiographic expression, whereas the younger, up
per beds composed of weakly Indurated tuffaceous silt, sand, 
and conglomerate have well dissected topography much like 
that on the Mexcala formation. Accordingly the group Is 
difficult to distinguish, on air photographs, from sever
al other, units In the region and, more often than not, can 
be Identified only by recourse to field checking.'

Lithology and thickness

The Balsas clastic group comprises lithologic units 
as diverse as evaporlte, coarse-grained conglomerate, and 
lava flows. The most characteristic rock type In the area 
mapped, though not necessarily the most voluminous, Is per
haps a medium- to coarse-grained,* thick-bedded to massive, 
moderately to well Indurated limestone conglomerate with a 
calcareous matrix. This is the type of rock generally pres
ent at the base of the group where the underlying unit con
sists of a Cretaceous formation, and It has generally been 
called "red conglomerate". Locally, however, fragments of 
schist and other pre-Cretaceous rocks are present with the 
carbonate fragments, as for Instance in the vicinity of 
Taxco. The conglomerate that makes up Cerro Amarillo (quad. 
E-7), which is rather typical, consists of limestone, dolo
mite, chert, and rare calcareous sandstone or slltstone



eroded from the Morelos, Cuautla, and Mexcala formations, 
in angular to well rounded pebbles, cobbles, and boulders 
up to 50 cm. or more across. The fine-grained matrix con
sists of sand, silt, and clay, with iron oxides and calcite 
as cementing agents (sample F-36-54). The overall color 
is dusky red to brick red, but some beds are brownish or 
even yellowish. The carbonate constituents were obviously 
eroded after the source beds had been broken by tectonic 
movements and the fractures had been healed by calcite, as 
shown in the photographs of the texture of a polished sur
face of conglomerate in plate 15-C and -D. Beds range in 
thickness from 20 cm. to more than 1 m., but in places the 
unit is so massive that bedding is difficult to distinguish 
in outcrop. The thickness of the limestone conglomerate 
varies widely in short distances laterally and reaches a 
maximum, in the area mapped, of about 500 m. in the vicinity 
of Cerro Amarillo. Elsewhere it is thin or was never de
posited.

Another widespread lithologic unit or rock type, 
which is generally stratigraphically above and younger than 
the limestone conglomerate, consists of poorly indurated 
silt, sand, and clay beds, with a minor proportion of fine
grained limestone conglomerate Interbeds and a considerable 
tuffaceous admixture. In total volume, this unit may exceed 
the volume of any other unit in the Balsas group. The two 
most typical outcrop areas of the unit occur in the valley



129
near Iguala (quad. J-2) and to the northwest of Santa Fe 
(quad. H-3). The unit rests on a variable thickness of 
limestone conglomerate and could be mapped separately if so 
desired. It contains several interbedded basalt flows in 
the Santa Fe area. A photomicrograph of a sample from one 
of these flows is illustrated in plate 20-D, and others are 
shown in plate 20-F and plate 21-B. These flows and oth
ers are described in the appendix under sample numbers 
155-21, F55-22, F55-24, F55-33, and F55-78. The patch of 
Balsas group rocks in the vicinity of Acamixtla (quad.
H-2) also contains an interbedded lava flow of andesitic 
composition near the base (Edwards, 1955, p. 176). The 
youngest part of this poorly indurated lithologic unit con
tains thin interbeds of rhyolitic tuff east and south of 
Cerro Amarillo (quad. E-7), as well as in the vicinity of 
Cerro Quebrantadero (quad. F-4). Two beds are described 
under sample numbers F-35-54 and F-47-54, and a photomicro
graph of a thin section of one of them is depicted in plate 
19-F. The beds range from thin to thick (5 cm. to at least 
1 m.) and are generally readily distinguishable in outcrop. 
Colors are dominantly shades of reddish brown, but they 
vary from yellowish to dark brown and even greenish, local
ly, and some rhyolite tuff Interbeds are light gray to light 
pink. This lithologic unit is much thicker than any of the 
other units of the Balsas group in the area mapped, ranging 
from about 800 m. in the Iguala outcrop area, to more than



130
2000 m. in thickness in the Santa Fe outcrop area, hut it 
pinches out elsewhere and was never deposited over large 
areas.

A relatively minor lithologic unit or rock type in 
the Balsas group consists of gypsum of various degrees of 
purity. The gypsum forms lenticular bodies composed.of a 
series of thin beds that Interfinger with, or are contained 
in the fine-grained, poorly indurated clastic unit described 
in the preceding paragraph. One of these lenticular bodies 
is defined on the east by outcrops between Cocoyoc and Oax- 
tepec, including Cerro Coscomate (quad. D-9)> by Oacalco 
on the north and west (quad. £-8 ), and by the Balsas clastic 
group outcrop southeast of San Carlos on the south (quad. 
D-8). It must continue under younger rocks to the east, 
north, and west for an unknown but probably short distance. 
Another, smaller lens occurs at Emiliano Zapata (quad. D-6 ) 
and a third, very small lens is present about 2000 m. east 
of Coatetelco (quad. F-5). The purest gypsum has a dark 
honey color. Admixture of silica, which is partly opal and 
partly chalcedony (see the photomicrograph in plate 18-F), 
lightens the color to light yellow or white, and admixture 
of silt and clay turns the gypsum greenish, reddish, or 
brownish. Individual beds range from a few centimeters to 
a meter or so in thickness, and clay or silt interbeds are 
present in parts of the overall lenticular bodies. Some 
limestone is present locally as thin interbeds. The total
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thickness of the largest body, which is near Oaxtepec, is 
at least 30 m. These lenses could be mapped separately as 
members of the fine-grained clastic unit, if so desired, 
but they probably occur at different horizons from one place 
to another, instead of defining one stratigraphic horizon.
The writer ascribes the common occurrence of gypsum in the 
Balsas clastic group to calcium sulfate carried by waters 
dissolving anhydrite beds in the lower part of the Morelos 
formation, where this member was exposed to erosion in an
ticlines.

Another minor lithologic unit consists of fresh
water limestone, which is present in the area mapped only 
in the low hills west and southwest of Emiliano Zapata (quad. 
D-6 ) and in another small hill south of there at San Pedro 
(quad. E-7 ). The limestone is in beds ranging generally 
from about 20 to 70 cm. in thickness. It is a tough, some
what porous rock, which ranges in color from light yellow 
or cream to dark yellow or light brown. The unit appears 
to rest on argillaceous gypsum at the west edge of Emiliano 
Zapata, but farther west it is on limestone conglomerate or 
poorly indurated silt beds. Presumably it is much like the 
gypsum in stratigraphic relationships and represents a lens 
up in the fine-grained clastic unit of the Balsas group, 
above the basal limestone conglomerate unit. The total 
thickness remaining in the outcrop is about 60 m. Such 
lenses undoubtedly occur at different horizons from place
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to place and could probably be mapped as members or for
mations, depending upon their thickness and extent.

The total thickness of the Balsas clastic group is 
extremely variable from place to place, and the original 
maximum thickness is generally not preserved. The group 
was naturally deposited only in low areas adjacent to moun
tain ranges, owing to down-warping or down-faulting, coup
led with drainage blocking, climatic change, or some other 
special process. Its greatest thickness thus occurs where 
the basement sank most deeply and the deposits were protec
ted from later erosion. In the area mapped, the outcrop in 
the vicinity of Santa Fe (quad. H-4 and H-3) contains the 
thickest section of the group, Including basal limestone 
conglomerate, fine-grained clastic beds, lava flows, and 
tuffaceous interbeds. Judging from the dip of the beds, the 
thickness appears to exceed 2500 m., but if the dip should 
represent foreset bedding, in part, the true vertical thick
ness would be somewhat less.

Structure, stratigraphic relationships, and age

The Balsas clastic group is almost without exception 
everywhere inclined moderately to steeply, and horizontal 
beds are extremely rare. Dips of less than 10° are uncom
mon, and 20° to 30° is perhaps an average dip, with local 
steepening to'70° or more near faults. The structure may 
thus be described as due to tilted fault blocks or broad
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synclinal down-warps. Tight folds, or even folds distin
guishable on an outcrop scale, were not noted in the area 
mapped, or elsewhere in the region for that matter. The 
texture of the units that make up the group has therefore 
not been appreciably affected by tectonic movements. Sev
eral small stocks and dikes have penetrated the group, par
ticularly northwest and southwest of Amacuzac (quad. G-4), 
and these have caused memorization and sillcation of the 
limestone fragments in the conglomerate beds.

The Balsas group rests with great angular and ero- 
slonal unconformity on all the older rocks of the region, 
from the Upper Cretaceous Mexcala formation down to the; 
Paleozoic Taxco schist. The relationship is well illus
trated in the structure sections in plate 2. The youngest 
formation older than the Balsas group (Mexcala) is the most 
common underlying rock in the area mapped, and each suc
cessively older formation is less common as the base on 
which the group rests. The next overlying formation con
sists of the Tilzapotla rhyolite series, which is everywhere 
in angular concordance with the topmost beds of the under
lying Balsas group. Both the topmost beds of the Balsas 
group and the overlying Tilzapotla series have much flat
ter dips than the lower beds of the Balsas group. In places 
where the Tilzapotla series is absent, either by non-deposi
tion or by erosion, the next overlying unit may be any one 
of the younger middle Tertiary volcanic series, the late



Tertiary Cuernavaca formation, or even rocks of Quaternary 
age. In this event, the younger unit generally rests with 
marked angular and erosional unconformity on the Balsas 
group, the discordance increasing with greater age differ
ential.

The age range of the Balsas clastic group is un
doubtedly broad, but its limits have nowhere been fixed.
A radiometric age determination of zircon concentrated from 
the overlying Tilzapotla rhyolite series (sample 156-27), 
made by H. V. Jaffe and colleagues, gave 28 million years, 
or roughly the boundary between the Miocene and Oligocene 
epochs. This means that the Balsas group is certainly no 
younger than Oligocene in its upper part.

Calcareous fresh-water interbeds in the lower part 
of the Pachuca volcanic series overlying the Balsas clastic 
group in the Amajac River valley about 160 km. north of the 
area mapped (Segerstrom, 1956, p. 15) yielded sillcifled 
gyrogonltes and internodes of charophytes, which were iden
tified by R. E. Peck as probably belonging to the genus. 
Tectochara(?) and resembling T. tornata (Reid and Groves). 
Peck remarks that “the only described species that bears a 
close resemblance to the material from Mexico is T. tornata 
(Reid and Groves). This species was described from the Low
er Headon beds (Ludian Eocene) of England and has been i- 
dentified by Madler from the Stampian and Chattian Oligo
cene of central Europe. The Mexican species probably is not
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T. tomata and could be younger. This material is defin
itely Tertiary— probably lower Tertiary" (personal communi
cation).

Vertebrates found in the lower beds of a thick, 
stratigraphically similar sequence of red conglomerate beds 
near Marfil in central Guanajuato (pi. 5-A; Edwards, 1955, 
p. 170-171) appear to be of latest Eocene or earliest 011- 
gocene age (Fries and others, 1955, p. 23-24). Concatenat
ing these bits of evidence leads to the conclusion that the 
Balsas group may range in age from late Eocene to late 011- 
gocene, but that the larger part of it is probably older 
than late Oligocene.

Correlation

Rocks similar to those here included in the Balsas 
clastic group crop out from place to place in the Balsas 
drainage basin to the west and south of the area mapped.
They have been mentioned in various published and unpub
lished papers and reports dating from the past century up 
to the present decade, in which ages ranging from Triassic 
to Pliocene have been suggested for them, but without defin
ing units, naming., them, or giving their precise stratigra
phic relationships and possible age range. The first de
tailed discussion of beds belonging to the group in the area 
west of Iguala is that of PantoJa-Alor (1957, p. 37-42), who 
described both the lower and upper contacts as well as 11th-



ologic details of the unit. He carries over the name Bal
sas group without proposing specific formational names for 
different lithologic parts. The same name is extended south
ward on the maps of the region between Iguala and Chilpan- 
cingo (fig. 1) by Bohneriberger-Thomas (1955, pi. 2, 3, and 
4), but the group is described in detail by him in the text 
under the name "Lower Tertiary Continental elastics" (op. 
cit. p. 36-41). In the vicinity of Chilpancingo and south
ward from there to the limit of their outcrop, the lower Ter
tiary clastic rocks were mapped by de Cserna (in Fries, 1956b, 
p. 305 and sheet 7 of the geologic map) and are also re
ferred to as the Balsas clastic group.

In the region east and northeast of Chilpancingo, 
in northeastern Guerrero, rocks belonging to what is here 
called the Balsas clastic group are included by Guzman (1950, 
p. 137-140) with all the rest of the Tertiary rocks, except 
for a sequence of gypsum beds, in a unit called “.Continental 
Tertiary (?)11, although he mentions the name "San Miguel 
beds" as having been used to designate similar rocks in 
western Oaxaca that were studied and described by him in an 
unpublished report in 19-46 (op. cit., p. 137). The gypsum 
was originally given the name Tlaltepexi gypsum series by 
Salas (1949, p. 97-105) for exposures near the town of that 
name in southwestern Puebla near the Oaxaca-Guerrero boundary 
line, and a Late Jurassic age was ascribed to it. Guzman 
(op. cit., p. 134-136), however, thinks that it may be of
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Late Cretaceous or early Tertiary age in northeastern Gue
rrero. He mentions the presence of anhydrite as well as 
gypsum in the type locality and describes certain outcrops 
as being well folded and totaling 800 m. ar more in thick
ness, quoting Salas. In northeastern Guerrero, however, he 
states that the unit contains clay interbeds, is not folded, 
and is apparently interbedded with the lower part of the 
Tertiary system. Erben (1956, p. 34) mentions the Tlalte- 
pexi gypsum of northeastern Guerrero as being a member of 
the Huajuapan formation (Salas, 1949, p. 120-122) and agrees 
with Guzman in ascribing to it an early Tertiary age. The 
outcrop pattern shown by Erben (1956, fig. 10) on his map 
of the Olinala-Cualac-Huamuxtitlan area of northeastern 
Guerrero demonstrates the post-Cretaceous age of the gypsum
bearing beds in that locality. The thick sequence of fold
ed, anhydrite-bearing beds near Tlaltepexl farther east, 
however, may have a different age, in the opinion of the 
present writer.

The principal named units in western Oaxaca and 
southern Puebla (pi. 3-A) that are similar in lithology and 
stratigraphic position to the Balsas clastic group are the 
Huajuapan and Yanhuitlan beds and the Cuicatlan formation. 
The Huajuapan beds (Salas, 1959, p. 120-122) consist of a 
basal sequence of well indurated red conglomerate beds com
posed of pre-Tertiary rock fragments, overlain by varicol
ored, poorly indurated beds of sand, silt, clay, ash of vol-
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canic origin, and interbedded breccia and fine-grained con
glomerate, cemented to a varying degree by calcite. Ig
neous dikes and sills cut the unit. The Yanhuitlan beds 
(op. cit., p. 122-126) are similar to the Huajuapan beds, 
but they are thought to be somewhat younger because they 
rest in places with angular discordance on the latter unit. 
They are in general finer in grain size and less tuffaceous. 
Their outcrop area is somewhat farther east and south, in 
northwestern Oaxaca, in contras:t to the outcrop area of the 
Huajuapan unit which enters northeastern Guerrero and south
ern Puebla. Erben (1956, p. 33-35) reviews the information 
on the relationship between these two units and concludes 
that interfingering and facies changes are more important 
than straight superposition in defining the units.

The Cuicatlan formation (Barrera, 1946, p. 20-24) 
appears to be a similar unit farther to the east, in north
ern Oaxaca and southeastern Puebla.. Near Tehuacan in east- 
central Puebla (pi. 3-A), north of the region in which the 
Cuicatlan and Yanhuitlan units crop out, a sequence of thin 
to thick beds of conglomerate, silt, gypsum, and fresh-water 
limestone has been named the Tehuacan formation (Calderon- 
Garcfa, 1956, p. 23-24) and is also considered to be of ear
ly Tertiary age. This formation is actually the same as Ba
rrera’s Cuicatlan' formation, however, judging from a map ac
companying Barrera's report (1946). In the descriptions of 
all these Tertiary units, the next overlying deposits are
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considered to be of: Quaternary age. This leads one to sus
pect that detailed work will reveal the presence of sever
al intermediate formations, of which only the oldest one 
would he equivalent to the Balsas group.

Deposits similar to those of the Balsas group have 
not been described to the northeast of the area mapped, but 
they appear to the north and northwest in the States of Hi
dalgo, Mexico, Queretaro, and Guanajuato (pi. 3-A), where 
they have been mapped and described under different names.
In the vicinity of Zimapan in west-central Hidalgo, a unit 
of red limestone conglomerate beds, with interbeds of tuf- 
faceous silt in the upper part, was described and named the 
El Morro fanglomerate by Simons and Mapes (1956, p. 13-16). 
These authors considered it to be equivalent to the Guana
juato red conglomerate farther west, and also to be of prob
able late Eocene and early Oligocene age. The name was ex
tended by Segerstrom (in press) to similar rocks farther 
east and south in the State of Hidalgo, and west into the 
State of Queretaro, but the unit was raised to a group 
called the El Morro group. Probably the best known impor
tant outcrop area of rocks equivalent to the Balsas group 
in central Mexico is in the Guanajuato mining district of 
central Guanajuato (pi. 3-A), where the rocks were most re
cently described in detail by Edwards (1955, p. 157-172) as 
the Guanajuato red conglomerate, and where the unit has been 
dated with some precision (Fries and others, 1955, p. 23-24).
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Rocks of similar stratigraphic position and lithology were 
mapped and described by Flores (1920, p. 22) from the El 
Oro-Tlalpujahua mining district on the Mexico-Michoacan 
boundary line about due west of Mexico City, but no name 
was given to the unit. Other clastic rocks with lignite 
and also red conglomerate are referred to by Flores (1946, 
p. 52) in a report that includes the Angangueo district of 
northwestern Mlchoacan.

Middle Tertiary volcanic units 
General features

Several units composed of volcanic rocks and inter- 
bedded clastic deposits made up largely of volcanic mater
ials rest on the Balsas clastic group or/and older rocks, 
conformably in places and unconformably in others. These 
units are the Tilzapotla rhyolite series, Tepoztlan forma
tion, Zempoala andesite series, Buenavlsta volcanic series, 
and Undifferentiated volcanic series. In the descriptions 
that follow, the Tilzapotla rhyolite series is discussed 
first as being probably the oldestunit, followed by the Te
poztlan formation. The latter unit is somewhat older than 
the Zempoala series, which overlies it, but it may be equi
valent in age to the lower part of the Buenavlsta and Undif' 
ferentiated series. The oldest unit (Tilzapotla) may be as 
old as late Oligocene, and the youngest unit (Zempoala) may 
be as young as early Pliocene, but the bulk of the volcanic
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rocks are "believed to be dominantly of Miocene age.

The volcanic units crop out principally in five 
somewhat separate areas. The northwestern corner of the 
map in plate 1 is the edge of a large region of volcanic 
rocks that extends farther north and west. The outcrop 
shown on the map consists of the Tepoztlan formation, at 
the base, overlain by the Zempoala andesite series. This 
is the only place where the latter unit crops out in the 
area mapped. The north-central part of the map contains 
several outcrops of the Tepoztlan formation, which is part
ly buried by younger volcanic rocks. The small outcrop a- 
long the eastern border of the map, to the northeast of 
Cuautla, is the western edge of a much larger region of 
volcanic rocks, which make up the basal part of Popocate
petl Volcano and which, in the present report, have simply 
been called the Undifferentiated volcanic series. The out
crops south and southwest of Tequesqultengo form the edge 
of a large region of such rocks that extends farther south. 
They consist of the Tllzapotla rhyolite series, at the base, 
overlain by the Buenavista volcanic series. The outcrops a- 
long the border of the map north and northeast of Taxco are 
also the edge of a very extensive region of such rocks.
They consist of the same two series named in the preceding 
sentences.

The topographic expression of the volcanic units is 
variable from place to place, depending upon whether lava
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flows or pyroclastic beds predominate. The beds and layers 
In the volcanic units generally dip less than 10° and are 
in fact nearly horizontal in large areas. This structure 
Impresses a blocky, stepped pattern to the areas of outcrop, 
the harder layers forming small cliffs where they are un
derlain by soft layers. The extreme left border of the pho
tograph in plate 6 and the extreme right border of the pho
tograph in plate 7 give an idea of the type of physiogra
phic expression characteristic of large areas of volcanic 
rocks. The topography in the air photographs is generally 
distinctive and distinguishable from that developed on the 
rest of the rock units in the region.

The greater part of the volcanic material consists 
of andesite of different colors, textures, and mineral com
ponents, but some rhyolitic material occurs both near the 
base and near the top of the group, and even basaltic rocks 
occur locally in the group. The principal objective sought 
in mapping and naming the different volcanic series was to 
group these rocks according to the volcanic centers from 
which they came. Erosion has been active and has removed 
much of the evidence needed to 'find such centers. As a re
sult, the objective was only incompletely reached, and much 
more detailed petrographic studies than those carried out 
by the writer are required if all co-magmatic products are 
to be distinguished and traced out.



The writer wishes to make a point of the fact that 
petrographic composition has no time significance in itself, 
and that nearly identical rocks were extruded at widely dif
ferent times throughout the Tertiary period. Correlations 
can thus not be made on petrographic identity alone, and 
establishing a volcanic sequence in one place will probably 
not help much in correlating widely separated areas; it may 
in fact be misleading.

Tllzapotla rhyolite series

Distribution, petrography. and thickness.— The Til- 
zapotla rhyolite series (Fries, 1956c) was named for exten
sive outcrops of rhyolite tuff-breccia in the vicinity of 
Tllzapotla (quad. ^-5) south of lake Tequesquitengo and the 
Amacuzac River. The outcrop extends for 8 km. to the east 
of there and for about the same distance to the north, be
fore it disappears because of erosion. It also extends 
some 8 km. to the west, where it is covered by the Buena- 
vista volcanic series, which also covers it a short distance 
south of Tllzapotla. In this area the unit consists of a 
coarse-grained, very well cemented, dark reddish brown 
tuff-breccia with fragments up to 30 cm. across (sample 
F55-16). Bedding is extremely thick or so massive that it 
is difficult to distinguish in outcrop. Eruptive centers 
for this material were probably located not more than a few 
kilometers away and appear to have lain to the south. Actual
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lava flows were not distinguished in the field, however, 
in the area covered by the map. The maximum thickness of 
the unit near Tilzapotla is on the order of 250 m.

A small erosion remnant of the Tilzapotla series 
appears on the east flank of Cerro Jojutla (quad. H-7), 
where the unit is much finer in grain size, not nearly so 
well cemented, and in thick but recognizable beds. Another 
small remnant appears 1500m. north of Temimilcingo (quad. 
F-7 ), also as a finer-grained tuff in beds 10 to 30 cm. 
thick. Thin rhyolite tuff interbeds in the upper part of 
the Balsas clastic group in the valley east of Cerro Ama
rillo (quad. E-7 ) (sample F-35-54 and pi. 19-F) may repre
sent fringe beds of water-borne ash at some distance from 
the eruptive center. A light-gray, water-deposited rhyolite 
tuff in upper Balsas group beds just north of the Tlaltiza- 
pan-Moyotepec highway (quad. F-7) (sample F-47-54) may also 
represent fringe beds around the eruptive center. Rhyolit
ic material was not found to the north or east of these 
latter two outcrops, but a small erosion remnant of rhyolite 
flows crops out just south of Acatlipa, west of Cerro Ama
rillo (quad. E-6 ).

Northwestward from Tilzapotla the rhyolite series 
crops out at the borders of the overlying Buenavlsta volcan
ic series, except where it is covered by the younger Cuerna
vaca formation or was eroded before the latter formation 
was deposited. The unit seems to have been deposited as



far northwest as Cuautlita (quad. F-4), but it is very.thin 
or absent north of there. The grain size becomes progres
sively finer northwestward from Tilzapotla. Near the town 
of Amacuzac (quad. G-4), for example, the unit is a coarse
grained, light-pink, devltrifled welded tuff, and at Cuaut
lita to the north it is a fine-grained, light-gray to pink
ish, argillaceous, water-deposited tuff in beds a few centi
meters thick. The total thickness of the unit also decreases 
northwestward, to about 60 m. near Amacuzac and to only a 
few meters near Chau chi chino la to the north of there.

The unit continues as a welded tuff from Amacuzac 
southward and southwestward almost to Buenavlsta de Cue
llar, where it changes into bedded tuff, tuff-breccia, and 
interbedded lava flows. It rapidly thins out and disap
pears to the west of the highway at Santa Fe and to the south 
of there (quad. H-4). Extrusive vents seem to have been pre
sent a short distance north of Buenavlsta, and others may 
have been present east of there in the area now covered by 
the Buenavlsta volcanic series. At Buenavlsta de Cuellar 
the unit turns southeastward and continues beyond the edge 
of the geologic map. It was not found southwest and west 
of the latitude of Buenavlsta, however, and was probably 
never deposited there except as a thin ashfall that was 
quickly removed by penecontemporaneous erosion.

The unit continues westward from Amacuzac as a pink 
to gray welded tuff, which is almost completely devltrifled,
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to Km. 135.3 of the Amacuzac-Taxco highway, where It disap
pears "because of removal by erosion. It picks up again 
farther west at the latitude of Acultlapan (quad. Gr-2) and 
becomes much thicker toward the west, although Its charac
ter changes. Almost from Acultlapan to Taxco the unit con
tains basal welded tuffs of dacitlc composition, overlain 
by coarse-grained, dense, welded rhyolite tuff and lava 
flows. The thickness of the unit Increases to 150 m. or 
more In the vicinity of Taxco and north of there. The bas
al welded daclte tuff (sample F57-48;. pi. 8-F.and pi. 9-0 
and -E) Is about 20.m. thick near Km. 153 of the Amacuzac- 
Taxco highway. It consists of black obsidian-like "pitch- 
stone" which Is fractured into thin, nearly vertical sheets 
or slabs normal to the almost horizontal attitude of the 
layer. A brown, devitrifled, dacitlc welded tuff (sample 
157-49; pi. 9-B) some 4 to 6 m. thick overlies the pitch- 
stone in the same locality, and it is In turn overlain by a 
thick (more than 20 m.), light-pink,coarse-grained, devltri 
fled welded rhyolite tuff (sample F57-50; pi. 8-E and pi. 
9-D and -F), which extends for some unknown number of kil
ometers to the west.

Stratlgraphlc relationships, age, and correlation.- 
The Tllzapotla rhyolite series generally rests concordantly 
upon the youngest beds of the Balsas clastic group, and In 
fact, thin beds of the latter group may occur locally above



the base of the Tilzapotlaunit. As a rule, however, rhyo
litic volcaniam was contemporaneous with cessation of sedi
mentation of the type represented by the Balsas group in the 
area mapped. The Balsas-Tilzapotla contact is nearly every- 
where horizontal to slightly inclined, except locally in 
the vicinity of strong faults. This attitude contrasts 
with much steeper bedding in the lower part of the Balsas 
group. In places the rhyolite unit rests directly upon the 
Mexcala formation, and in others it is on the Cuautla and 
Morelos formations. Just west of Km. 142.5 of the Amacuzac- 
Iguala highway it appears to rest upon the Xochicalco for
mation. In all places where the unit rests on pre-Balsas 
group rocks, the latter unit is missing by non-deposition 
and the relationship with the underlying unit is one of an
gular unconformity. The Tilzapotla unit is thus transgres
sive, in a stratigraphic sense, in relation to the Balsas 
group. The terrain at the end of Balsas time was probably 
of low relief, the highs having been eroded to provide the 
material.deposited in the valleys and basins. The extru
sive vents that produced the Tilzapotla rhyolite seem to 
have cut through the topographically and structurally high 
areas of that time, as rhyolite dikes were not found cut
ting the Balsas group.

The upper contact of the Tilzapotla unit is nearly 
everywhere at least an erosional disconformity. The next 
younger, Buenavista volcanic series covers the rhyolite con
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cordantly south of the Amacuzac River, but where erosion 
has stripped off the Buenavista series, the next younger, 
Cuernavaca formation lies bn the Tilzapotla rhyolite with 
erosional and, in places, angular unconformity. The Cuer
navaca formation is the predominant covering unit north of 
the Amacuzac River. On the east side of the patch of rhy
olite south of Acatllpa (quad. E-6), the next younger, Chi- 
chinautzin basalt is against the rhyolite without the inter
vening Cuernavaca formation, which was probably eroded.

The writer collected somewhat more than 200 kilo
grams of friable, light-gray to pinkish, devitrifled, weld
ed rhyolite tuff from road cuts at about Kin. 129.5 of the 

Amacuzac-Taxco highway and concentrated the heavy minerals 
by panning the sample in the stream below. The sample 
(F56-27) came from probably some 40 or 50 m. above the base 
of the Tilzapotla series, where the underlying unit is the 
Balsas clastic group. The concentrate was used by H. ¥. 
Jaffe and colleagues for a radiometric age determination by 
the lead-alpha method, which utilizes zircon. The age re
ported is 28 million years, with limits of error possibly 
in excess of 10 per cent, according to Jaffe (personal com
munication) . .The age thus corresponds to late Oligocene 
or early Miocene time, although the writer favors the old
er age because of the long geologic history attested by the 
overlying rock units.



Precise correlation with other volcanic units around 
the area mapped is not possible at the present state of know
ledge regarding the ages of Tertiary volcanic rocks of cen
tral Mexico. In age, although not in lithology, the Til- 
zapotla unit may correspond to the basal part of the Xochi- 
tepec volcanic series of the south end of the Mexico Basin 
(Mooser, 1956), which is of andesitic composition. In north
eastern Hidalgo, farther north (pi. 3-A), the lower part of 
the Pachuca group (Segerstrom, in press; Geyne, 1956, p. 
49-51), which is also of andesitic composition, may corres
pond in age to the Tilzapotla unit. In the Zimapan mining 
district of west-central Hidalgo, the lower part of the Las 
Espinas volcanic rocks (Simons and Mapes, 1956, p. 16-17) 
has the same relationship to the underlying El Morro fan- 
glomerate as the Tilzapotla rhyolite series has to the Bal
sas clastic group, and the age is probably also about the 
same, although the basal layers of the Las Espinas volcan
ic unit are composed of andesite, quartz latite, and bas
alt, rather than of rhyolite.

Tepoztlan formation

Distribution, petrogra-phy, and thickness.— The Te
poztlan formation (Fries, 1956c) was named for outcrops near 
the town of that name (quad. C-7) about 16 km. northeast of 
Cuernavaca. The unit crops out for about 3 km. both north 
and south of the town and continues as far east as San Agus-
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tin (quad. C-9), where It is deeply eroded and burled un
der basalt flows of the Pleistocene Chichlnautzln series. 
The unit probably thins eastward, in any event, although 
it may still be present under, or interfinger with the Un
differentiated volcanic series north of Ocuituco (quad. 
D-ll) at the east edge of the map in plate 1. It is pre
sumed to wedge out in the basal part of the volcanic mass 
topped by Popocatepetl Volcano, which lies to the northeast 
of Ocuituco.

The Tepoztlan formation is covered by the Chichi- 
nautzin basalt series about 3 km. north of Tepoztlan and 
does not reappear farther north. Erosion has removed it 
south of the latitude of Oacalco (quad. C-8), where the 
base is exposed, except perhaps for a small patch of simi
lar volcanic material about 2000 m. east of Km. 51 of the 
Alpuyeca-Yautepec highway (quad. D-8). West of Tepoztlan 
the unit reappears from under the Cuernavaca formation and 
Chichlnautzin basalt series near the edge of the geologic 
map (quad. C!-5) and continues for 10 or 15 km. into the 
State of Mexico, beyond the map to the northwest.

The Tepoztlan formation is made up dominantly of 
andesitic volcanic debris deposited in beds ranging from 
perhaps 50 cm. to more than 10 m. in thickness. Bedding is 
nearly horizontal in much of the outcrop area, but dips 
reach a maximum of about 7° N. in the eastern part of the 
area. Ordonez (1937b, p. 22-23) mentions gray andesite at



the base of the formation and reddish-brom andesite in the 
highest outcrops, but these flow rocks were not seen by the 
writer. The topography developed on the unit is described 
by Ordonez (op. clt., p. 6-18) in both ample and vivid de
tail, thus requiring no further word here, and erosive pro
cesses that acted upon the unit are discussed by Lozano- 
Garc£a (1953, p. 208-212).

A series of 13 specimens of different boulders in 
basal beds of the formation north of Oacalco (quad. C-8) 
is described briefly in the appendix under sample number 
F55-43. All the specimens consist of porphyrltlc andesite 
with orthopyroxene, clinopyroxene, and amphibole, either 
singly or in any combination (see photomicrographs in pi.
19-A to -E). Colors of individual boulders range from light 
gray to nearly black, but reddish, purplish, and greenish 
tints are also present. The overall color of the beds is 
medium gray in fresh exposures, and yellowish to dark 
brown in weathered outcrop. A sample collected from the up
per part of the formation in the outcrop area northeast of 
Cuernavaca (F55-38) consists of medium-gray pyroxene andesite.

The components that make up the beds consist of de- 
trltal and tuffaceous fragments varying in size from fine 
clay to boulders as large as 1 m. across. Some beds are 
poorly sorted and may represent mud flows or lahars, but 
others contain lenses of better-sorted sand and gravel with 
cross-bedding, attesting to deposition by running water.



Fragments In the most poorly sorted beds are angular to sub- 
angular, whereas better-sorted beds contain subrounded to 
rounded fragments. The material is poorly indurated and 
friable, but the considerable admixture of tuffaceous grains 
causes the beds to stand in vertical cliffs where eroded, a 
feature that is accentuated by interlayering of better-ce
mented beds. The result is the rugged, stepped topography 
that is so characteristic of this formation where erosion 
has exposed it.

The complete original thickness of the formation 
is nowhere present because of erosion of the top part, but 
probably most of the thickness is still present at the north 
end of the outcrop. The maximum thickness of what remains, 
measured from the base of the unit near Oacalco to the high
est outcrop north of there, is about 1000 m. This is con
siderably more than the thickness of "at least 250 m." giv
en by the writer in earlier published descriptions.

Stratlgraphic relationships and age.— The base of 
the Tepoztlan formation is exposed in only three localities: 
1) east of San Andres de la Cal (quad. (3-7) > 2) north of 
Oacalco (quad. C-8), and 3) about 4 km. south of Yautepee 
(quad. D-8). In the first locality mentioned, a small out
crop of reddish silty beds ascribed to the Balsas clastic 
group appears under clastic volcanic beds at the northeast 
edge of town, without the presence of the Intervening Til-
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zapotla rhyolite series. The outcrop is only about 200 m. 
long by 200 m. wide, in the form of a triangle. The silt 
beds dip at a low angle to the north and the total section 
exposed aggregates probably less than 30 m. in thickness. 
Basalt of the Chichinautzin series buries the contact to 
the southwest, and a small alluvium-filled sink hides the 
contact to the east. The relationship is rurther compli
cated east of the sink by the presence of a normal fault of 
unknown but probably less than 50 m. displacement, along 
which the Tepoztlan formation has been dropped down against 
the Cuautla limestone. Southeast of the fault the unit rests 
on the Morelos formation, without any Intervening rocks.

At the Oacalco locality the Tepoztlan formation 
rests on beds of reddish silt with interbeds of honey-col
ored gypsum and reddish and greenish argillaceous gypsum 
containing chert and some fresh-water limestone. Aluvium 
and basalt hide the contact to the east and west of there.
The third locality contains a small patch of what appears 
to be an erosion remnant of the Tepoztlan formation. The 
southwest contact is a fault, but the north contact is sed
imentary and is between this unit and the Cuautla formation. 
Alluvium hides the eastern and southern contacts, but nearby 
outcrops suggest that the underlying rock is the basal part 
of the Mexcala formation.

The Tepoztlan formation was obviously deposited 
with great angular and erosional unconformity on Cretaceous
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units. The relationship between it and the Balsas group 
is not so clear, however, and although the latter unit was 
certainly eroded before deposition of Tepoztlan rocks, an 
angular discordance was not proved at the contact.

The oldest overlying unit consists of the Zempoala 
andesite series, which is exposed in the northwestern cor
ner of the map. The relationship between the two units was 
not studied in detail, but the contact is thought to be an 
erosional discordance. South of this contact, to the north
west of Cuernavaca, the overlying unit is the Cuernavaca 
formation, which was deposited with great erosional and small 
angular unconformity on the Tepoztlan beds. Elsewhere the 
Chichinautzin basalt series covers the unit, also with 
great erosional and small angular unconformity. Basalt 
flows burled much of the topographically low part of the 
Tepoztlan formation, leaving uncovered remnants much like 
Islands in a sea.

The age of the Tepoztlan formation is not known by 
direct dating. It is obviously younger than the Balsas 
group. It is presumably somewhat younger than the Tllza- 
potla rhyolite, in view of the fact that the latter unit 
rests on the Balsas group with little or no erosional dis- 
conformity, whereas the former has a notable erosional dls- 
conformity between it and the Balsas group. It is never
theless a relatively old Tertiary formation, because three 
younger Tertiary formations cover it, each of which is sep-



arated from the next by a significant eroslonal disconfor- 
mity. Moreover, the Tepoztlan beds were notably tilted af
ter deposition. Concatenating these shreds of evidence the 
writer thinks that the base of the Tepoztlan formation may 
be as old as latest Oligocene and that deposition continued 
on into early Miocene time. He doubts, however, that the 
top of the unit is younger than early Miocene.

Origin and correlation.— The source and origin of 
the Tepoztlan formation have been controversial. In spite 
of the general northerly dip of the beds, the source area 
certainly lay to the north of the present outcrops, for 
otherwise remnants of the formation would appear in protec
ted places farther south. Moreover, the andesite compo
nents of the clastic beds are closely similar to andesite 
flow rocks and interbedded breccias that crop out in the 
southeastern, southern, and southwestern flanks of the Me
xico basin to the north (Ordonez, 1895> p. 28-41), where the 
name Xochltepec volcanic series was proposed for these rocks 
(Mooser, 1956). Some of the Tepoztlan beds were clearly de
posited by running water, as attested by sand and gravel 
lenses here and there, with some cross-bedding. Much of the 
rest of the unit has rude bedding that suggests rapid depo
sition by torrential flood waters over an alluvial slope or 
"bajada". The high content of volcanic ash would have in
creased the competence of the water to carry heavy loads
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and would have reduced sorting of the material to a mini
mum. Once the material was dropped, it probably remained 
in place and was not repeatedly picked up and carried far
ther along as are stream deposits. Some of the massive beds 
without features suggesting deposition by running water may 
well have been mud flows, which may better be called lahars 
because of their exclusively volcanic composition. Various 
tuff interbeds suggest that volcanic eruptions were occur
ring intermittently in the region.

In short, the writer thinks that the Tepoztlan for
mation is the southern facies of at least a part of the Xo- 
chitepee volcanic series of the south end of the Mexico Bas
in. Eruptive centers were doubtlessly active while the for
mation was being deposited, and the voluminous extrusion of 
fragmental products served as an easily erodable source for 
the Tepoztlan beds. Piling up of the volcanic products 
near the centers of eruption gave the necessary slope for 
transport of the fragmented material by running water and 
in the form of lahars.

The Tepoztlan formation is probably equivalent in 
age to some parts of :the U:n'dJLfferentiated volcanic series 
of the area mapped and to much of the Buenavista volcanic 
series farther south. It may also be equivalent in age to 
both the Agua de Obispo and Papagayo volcanic series south 
of Chilpancingo (fig. 1; de Cserna in Fries, 1956b, p. 311- 
312), as well as to the Characharando volcanic series in the
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Huetamo region of southeastern Michoacan (locality 5 in 
pi. 3-A; BantoJa-Alor, 19571 p. 43-44), and to the lower 
part of the Zumpinito formation of central Michoacan (Wil
liams, 1950, p. 172-176). The basal part of the latter u- 
nit is lithologically similar to the Tepoztlan formation 
in containing many volcanic mudflows or lahars, torrential 
flood deposits, and interbedded ash (op. cit., p. 173).
North of the latitude of Mexico City, where the equivalent 
Xochitepee volcanic series occurs, volcanic rocks of simi
lar age are named the Pachuca group in east-central Hidal
go (Segerstrom, in press) and the Las Espinas volcanic 
rocks in west-central Hidalgo (Simons and Mapes, 1956, p. 
16-17). Elsewhere in southern Mexico, both to east and west 
of the area mapped, middle Tertiary volcanic rocks have 
generally not been studied in detail or separated into dis
tinct formations.

Buenavista volcanic series

The Buenavista volcanic series (Fries, 1956c) was 
named for the thick volcanic pile that forms the high moun
tain mass south of the Amacuzac River and east of the high
way between Amacuzac and Buenavista de Cuellar (quad. G-4, 
H-4, and 1-4). The volcanic pile extends eastward to a few 
kilometers beyond the longitude of Tilzapotla, where it is 
transected by the south-flowing Amacuzac River, and it con
tinues eastward again beyond the river. It extends southward
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to the latitude of Hultzuco, which lies east of Iguala 
(fig. 1). All the volcanic rocks stratigraphlcally above 
the Tilzapotla rhyolite series in this area are included in 
the Buenavista unit. Other volcanic rocks included in the 
series lie in the high mountain mass north and northwest 
of Taxco, also above the Tilzapotla rhyolite, but the con
tact is not shown there as it lies Just beyond the edge of 
the map.

The west border of the main Buenavista outcrop ap
pears along the left edge of the oblique air photograph in 
plate 6, and the east border of the outcrop northwest of 
Taxco appears along the right edge of the photograph in 
plate 7. The topographic forms on the uplands consist of 
rounded hills of relatively low relief, but small cliffs 
and topographic irregularities are present, thus contrast
ing with the smoother, rolling uplands developed on the 
Cretaceous limestone. Where the upland is strongly dissec
ted, however, hillsides are cliffed and stepped in response 
to interbedding of dense lava flows, breccia layers, and 
friable tuff beds, but not to the extent exhibited by the 
Tepoztlan formation.

Only the basal units of the Buenavista series were 
studied petrographically, and only in a small area. The 
first unit on top of Tilzapotla rhyolite tuff at the east 
edge of Amacuzac town (quad. G-4) consists of an altered, 
lavender flow rock of probably dacltic or quartz latitic



composition (sample 555-19). A sample from Km. 122 of the 
Amacuzac-Iguala highway, near the base of the Buenavlsta 
series, was found in thin section to consist of a dark- 
greenish- gray , altered andesite flow rock (sample 555-85).
A lava flow from Km. 150.5 of the same highway was found 
to consist of basalt (sample F55-83). Another lava flow near 
the base of the series, at Km. 131.5 of the same highway, 
consists of a dark-gray rock of probable dacltic composi
tion (sample 555-80). Although the units sampled vary in 
composition from basalt to dacite, the variation in the 
complete series is even greater, for rhyolitic rocks are 
present in the upper part, but the dominant rock type is 
nevertheless andesite. Interbedded with the lava flows 
are volcanic breccia and tuff layers, as well as water-de
posited, tuffaceous clastic beds. The full thickness of 
the series was not measured, and in fact it nowhere remains 
because of erosion. Moreover, the thickest part of the ser
ies lies outside the area mapped. A rough estimate based 
on the reported altitude of the mountain mass east of Bue- 
navista, however, suggests that the series may be on the 
order of 1000 m. thick.

The Buenavlsta series is everywhere nearly horizon
tal or has low dips, most of which are due largely to ini
tial inclination of the flows and clastic layers. The bas
al layers rest without marked angular unconformity on the 
Tilzapotla rhyolite, but the angularity between them and
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older formation is of course marked. Angular relationships 
between lava flows and underlying volcanic layers are univ
ersally common, mainly as a result of the initial dip of 
lava flowing over eroded terrain, rather than of tectonic 
movements. Such an origin is thought to be true of the area 
mapped, where the Buenavista series generally rests on the 
Tilzapotla series and only locally ovoflaps onto the More
los formation. In the latter case, either the Tilzapotla 
tuff was not deposited or it was eroded before the Buena
vista lava was extruded. The writer saw some evidence of 
post-Tilzapotla and pre-Buenavista erosion, as well as In
traforma tional -disconformities within the Buenavista ser
ies, which is nearly the rule in volcanic piles. The next 
overlying rock unit is the Cuernavaca formation, which gen
erally has an angular relationship to the Buenavista series 
In outcrop, although most of the angularity is undoubtedly 
due to erosion of the older series and initial dip of the 
younger formation. Late Pleistocene and Recent allumium 
are, of course, also present on the Buenavista rocks from 
place to place.

Fossils have not been found in the Buenavista ser
ies to date, nor have radiometric age determinations been 
made. Obviously the series is little younger at the base 
than the underlying Tilzapotla rhyolite series. If the 
age of the latter is late Oligocene, then the Buenavista 
series may also be late Oligocene in the lower part, and the
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rest would be Miocene, but if the Tilzapotla is brought up 
a little higher in the time scale, then the Buenavista may 
be entirely of Miocene age. Owing to the great discordance 
between the latter and the overlying Cuernavaca formation, 
the writer thinks that the interval of time between the two 
was considerable. Accordingly, the top of the Buenavista 
series is probably older than early Pliocene.

The volcanic vents from which the Buenavista rocks 
were extruded must still be buried, for the most part, in
asmuch as dikes in the older rocks are exceedingly rare. 
Eruptive centers were probably located in the area east of 
Buenavista, and others were probably present northwest of 
Taxco. The Buenavista series is doubtlessly equivalent in 
its lower part to the Tepoztlan formation, and to much of 
the Xochitepee volcanic series in the south end of the Me
xico Basin. Its upper part is probably equivalent to the 
Zempoala andesite series, which rests on the Tepoztlan for
mation. To the west, south, east, and north, the series 
is equivalent in age and partly in petrography to the mid
dle Tertiary volcanic rocks described in the section on age 
of the Tepoztlan formation and need not be re-described.

Undifferentiated volcanic series

The writer proposed the name Undifferentiated vol
canic series (Fries, 1956c) for most of the middle Tertiary 
volcanic rocks not of rhyolitic composition that lie north
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of the latitude of the Amacuzac Riv?er and south of Cuerna
vaca, hut some outcrops east of Iguala are also Included. 
These rocks are In large part lava flows that were probably 
extruded from vents located under or very near to them.
The largest outcrop area occurs Just north of Ocultuco 
(quad. D-ll), the second largest outcrop lies Just south of 
Mazatepec (quad. F-4), and the third largest outcrop Is at 
the north end of Cerro Santa Marfa (quad. C-7). The.first 
and second outcrops are made up of Interbedded andesitic 
lava flows and clastic volcanic layers, which may in large 
part be quivalent In age and also in lithology to the Te- 
poztlan formation, but with the addition of lava flows. The 
succession of layers was not studied in detail. The out
crop at the north end of Cerro Santa Marfa contains gently 
dipping (up to 10°) clastic beds which are different from 
the underlying Balsas clastic group and yet unlike any of 
the post-Balsas units elsewhere in the area mapped. The 
basal beds contain quartz and may be more closely related 
to the Tilzapotla formation than to the Buenavista series.
At any rate, the rocks are younger than the Balsas group and 
older than the Cuernavaca formation.

Small outcrops of andesitic volcanic rocks occur in 
the northwestern flank of Tesquesquitengo polje, where they 
protrude through the Cuernavaca formation, but they are not 
shown separately on the geologic map. Similar small out
crops poke up through the Cuernavaca formation 2 km. north
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of Xoxocotla (quad. F-6), as well as at and east of Km.
96.5 of the Cuernavaca-Amacuzac toll highway. Still other 
small outcrops (samples F-42-54 and F-43-54) are present 
to the north and south of Tecuman (quad. E-7), where they 
rest mainly on beds of the Morelos formation.

A small outcrop (not mapped separately) at the south 
end of Lake Tuxpan (quad. J-3; sample F55-106), consisting 
of olivine basalt, may rest on the Balsas group and be of 
middle Tertiary age. A somewhat larger outcrop, but of an
desitic composition, occurs 3.5 km. southeast of Lake Tux
pan, also on the Balsas group. Andesitic lava interbeds 
at Km. 169.8 of the Acapulco highway, in the cut where the 
highways cress, may be a part of the Balsas group or may 
be basal lavas of the overlying Buenavlsta or Undifferen
tiated series.

All these volcanic rocks have the same relationship 
to the underlying Tilzapotla rhyolite series, Balsas clas
tic group, and/or Cretaceous rocks, as well as to the over- 
lying Cuernavaca formation, as the Buenavlsta volcanic ser
ies. They are considered to have the same age range as the 
latter series and may be correlated with it, as well as 
with the Tepoztlan formation and the Xochitepee volcanic 
series, as described in preceding chapters.
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Zempoala andesite series

Distribution, petrography, thickness, and age.—
The name Zempoala was proposed (Fries, 1956c) for the ser
ies of andesitic, rocks that crop out in the northwestern 
corner of the geologic map and extend for some kilometers 
to the northwest and north, beyond the edge of the map.
The series forms some of the highest mountain crests in the 
region, which rise to altitudes of 3400 to 3800 m. The 
high country is deeply dissected, and slopes are unusually 
steep and cliffed in many places, although evidence of 
Pleistocene glaciation is lacking south of Cerro Ajusco, 
except on the western flank of Popocatepetl Volcano. A 
rough idea of the topographic expression of the formation 
may be obtained from the left horizon of the oblique air 
photograph in plate 4» which shows the north-trending and
esite range extending northward from Cerro Zempoala to the 
left of Cerro Ajusco, which itself is andesitic but some
what younger.

The petrographic make-up of the Zempoala series 
was not studied in detail, although the unit was traversed 
from the southern contact almost to the highest peak, and 
also in the vicinity of the Zempoala Lakes (quad. B-5) and 
El Capulfn (quad. A-5). Only one sample (F55-60), collec
ted from the road cut at the State boundary between Morelos 
and Mexico near the Zempoala Lakes, was studied petrograph-
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ically in thin section, although many chips were examined 
megascopically in the field. The rock sectioned is a med
ium-gray, relatively coarse-grained andesite lava flow, 
which in this locality is interbedded with volcanic breccia 
of the same composition. Exposures in the vicinity show 
an Interstratification of volcanic breccia, lava flows, 
tuffaceous beds, and massive interlayers composed of poorly 
sorted angular volcanic fragments set in a fine-grained ma
trix, generally of grayish color, which appear to represent 
volcanic mudflows or lahars. The series is distinguished 
from the underlying Tepoztlan formation, however, by the 
presence of a large proportion of lava interlenses. The 
thickness of the Zempoala series is estimated to be at 
least 800 m.

The Zempoala series rests with apparent conformity 
on the Tepoztlan formation in the area mapped. Some ero
sion occurred between the two units, but evidence was not 
seen to suggest that it was intense or of great duration. 
The next overlying rock unit is the Pleistocene Chichinaut- 
zin basalt series, which accumulated over a rugged topog
raphy incised deeply into the Zempoala series. The inter
vening Cuernavaca formation is absent. Whether a true ang
ular unconformity exists between the Zempoala and Chichi- 
nautzin units is not known, but in view of intervening e- 
vents to be described in later chapters, this seems likely 
to be the case.
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The age of the Zempoala series has not been deter

mined directly and can only be Inferred from relationships 
with the underlying and overlying formations described in 
the preceding paragraph. The Tepoztlan formation is thought 
to be no younger than early Miocene, and thus the Zempoala 
series is judged to be no older than late Miocene. The 
next younger formation in the region, the Cuernavaca forma
tion, is partly derived from both the Tepoztlan formation 
and the Zempoala series. As it is believed to be no older 
than late Pliocene, the suggestion is strong that the Zem
poala rocks are appreciably older and probably of late Mio
cene age, although they may be, in part, as young as early 
Pliocene.

Correlation.— The Zempoala series may be correlated 
with the upper part of the Buenavista series farther south, 
both in age and general lithology, although it lacks the 
rhyolitic and dacitic rocks that are common in the upper 
part of the Tertiary volcanic sequence of central Mexico 
(Ordonez, 1900, p. 16-18), as in the upper part of the Bue- 
navista series described in a preceding chapter, and in the 
southern part of Hidalgo (Segerstrom, in press). Perhaps 
the rhyolitic and dacitic rocks are somewhat younger than 
the Zempoala series, perhaps erosion has stripped them away, 
or perhaps they were never extruded in that area. Farther 
south, the unit that seems to be equivalent in age but not
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In lithology to the Zempoala series is the Sabana Grande 
marl, which crops out at Km. 192 of the Acapulco highway 
(fig. 1). The unit was named by Bohnenberger-Thomas (1955, 
p. 41-44), who thinks its age is late Miocene or early 
Pliocene, based upon the presence of ostracodes of the 
genera: Cypris and Candona, gastropods of the genus Planor- 
bls. and oogdnio of Chara. Still farther south, the upper 
part of the Agua de Obispo volcanic series (de Cserna in 
Fries, 1956b, p. 311-312) may correspond to the Zempoala 
series. Volcanic rocks of probable age equivalence occur 
both east and west of the area mapped, but they have not 
been grouped into formations or named.

Other andesitic rocks of comparable or slightly 
younger age than the Zempoala series occur in Cerro AJusco 
a few kilometers north of Cerro Zempoala (see pi. 4) and 
were named the AJusco andesite series (Mooser, 1956), of 
probable early Pliocene age. East of Mexico City the high, 
andesitic part of the Sierra Nevada (fig. 1) has been called 
the Iztaccfhuatl andesite series (ibidem); this series is 
partly covered by still younger basaltic extrusive rocks, 
which form the upper cone and crater of Popocatepetl Vol
cano. The Sierra de Guadalupe at the north edge of Mexico 
City is composed largely of dacite, which has been called 
the Chlquihuite dacite series (ibidem) and is believed to 
be of early Pliocene age. Farther north and northeast, in 
the State of Hidalgo, probable lower Pliocene units include
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the Cerezo rhyolite, Zumate daclte, Tezuantla formation 
(which contains probable early Pliocene plant remains), 
and Don Guinyo tuffs (Segerstrom, 1956, p. 15-16; also, in 
press).

Cuernavaca formation 
Distribution, lithology, and thickness

The Cuernavaca formation (Fries, 1956c) was named 
for the extensive, well exposed, easily accessible, water- 
laid clastic deposits on which the city of Cuernavaca is 
built. The name had apparently been used in earlier pri
vate reports, for it appears on a sketch map that accompan
ies a geohydrologlc paper published by De la O-Carrefio 
(1951, fig. 17). The origin of the name is not given, how
ever, and no information is included as to what the "Cuer
navaca formation", as there used, actually comprises, what 
its upper and lower contacts are, nor what its age range 
may be. The name is thus not new, but the formation as 
used in the present report is described in some detail.

The unit crops out mainly in the drainage basin of 
the Amacuzac River and its tributaries. Its northern bor
der extends nearly due east from the southern base of high 
Nevado de Toluca Volcano 50 to 60 km. west of Cuernavaca 
(fig. 1), eastward to the southern base of Popocatepetl 
Volcano about 25 km. east-northeast of Cuautla, where it 
enters the State of Puebla and swings northeastward. From
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the northern border the formation spreads as an interrup
ted blanket southward for variable distances, burying the 
lower topographic features. A rough southern boundary may 
be drawn from the point where the Cuautla-Matamoros highway 
leaves the east edge of the map in figure 1, westward to 
the north bend in the highway, and thence westward to the 
junction of the Ghinameca and Amacuzac Rivers. A branch 
belt of the formation follows the Amacuzac valley south
ward, but the south boundary of the principal outcrop area 
continues westward along a line 3 to 5 km. south or south
west of the Amacuzac River to the longitude of Tetlpac, and 
thence northwestward to the base of Nevado de Toluca Vol
cano. In the vast area described, perhaps one-third to 
one-half of the surface is covered by the Cuernavaca forma
tion, if ground with a thin veneer of Pleistocene or Recent 
alluvium on top of the formation is included.

Deposits of similar stratigraphic position, nature, 
and origin in the southwestern part of the area mapped, 
which drains southward into the Iguala and Garrizal Rivers 
and thence directly into the Balsas River, are also referred 
to the Cuernavaca formation, for convenience in the present 
report. If mapping were to be extended to the south, east, 
and west of there, however, another name would be desirable 
for these deposits, inasmuch as they, together with the 
Cuernavaca formation and other deposits to the north and 
east of the area mapped, have genetic relationship to the
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ancestral. Pliocene, principal drainage systems of the 
country.

The physiographic expression of the Cuernavaca for
mation is distinctive because of the youthful stage it re
presents in the erosion cycle. The unit forms gently in
clined plains with a constructional surface, furrowed to a 
variable degree by V-shaped or box-shaped arroyos and vail 
leys. Few localities have been sufficiently eroded to have 
lost the flat constructional interfluves. The oblique air 
photograph in plate 4 illustrates well the general nature 
of the topography, as the larger part of the surface area 
south of the mountain range on the horizon consists of out
crops of the Cuernavaca formation. The areas between the 
Amacuzac River and Puente de Ixtla and between there and 
Lake Tequesquitengo, for example, retain much of the cont- 
structional surface of the unit. The lake occupies a polje 
formed after the Cuernavaca formation was deposited. Short 
gashes and longer canyons are eroding headward into the 
constructional surface. The area around Cuernavaca in the 
photograph mentioned is rather intricately furrowed by deep, 
narrow canyons, but flat interfluves are still present. In 
many places around the edge of the Cuernavaca formation, the 
constructional surface continues onto older bedrock as a 
destructional pediment surface. Even out in the main out
crop areas of the Cuernavaca formation, small hills have 
been planed off by erosion to a pediment surface at a level
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with the adjacent constructional surface. The photograph 
In plate 5 Illustrates even better the dissection of the 
Cuernavaca formation by the Amacuzac and Chlnameca Rivers 
with their short tributaries.

The constructional plains descend at angles rang
ing from as much as 5° near the mountain fronts, to as low 
as 1° or so in the vicinity of the main drainages. They 
descend from both the north and the south toward the Ama
cuzac River. In places where passes through mountain ridges 
restricted southward drainage flow, the plains are at a 
lower level on the downstream side of the passes. This is 
particularly marked between Cuautla and Moyotepec (right 
background of photograph in plate 5), which are on two sides 
of a mountain ridge with several passes through which al
luvium was carried. It is even more nbtable on the north
west and southeast sides of the Cacahuamllpa mountain ridge, 
where the San Jeronimo and Chontalcoatlan drainages were re
stricted by a narrow pass through the limestone ridge. A 
suggestion of this latter feature is given in the northwest 
corner of the geologic map in sheet 2 of plate 1, although 
the actual pass through the limestone ridge lies several 
kilometers north of the edge of the map.

The lithologic make-up of the Cuernavaca formation 
is extremely varied, resembling the Balsas clastic group in 
the variety of rock types present. Near the mountain fronts 
the greater part of the unit consists of moderately coarse



grained conglomerate or fanglomerate, of which the consti
tuents are almost exclusively andesitic volcanic rocks ero
ded from the Tertiary volcanic series described in earlier 
chapters. Ordofiez (1937a, p. 12-14) describes in consid
erable detail the lithology of the beds on which Cuernava
ca is built. This part of the formation is similar to the 
Tepoztlan formation in containing beds from one to several 
meters in thickness, composed of poorly sorted angular to 
subrounded material ranging in size from fine silt to boul
ders as large as a meter across. Tuffaceous material is 
present in some beds but not in others, and sorting by wa
ter, with cross-bedding, is visible here and there. The 
beds thus have a laharlc character, in part, and a torren
tial water-laid aspect, in part.

Farther from the mountain fronts the Cuernavaca for
mation contains thinner beds, rarely exceeding 2 m. in thick
ness, and the grain size within the beds is finer, on the 
average, although large boulders are still present in some 
beds. The constituent fragments are not as angular, in gen
eral, as they are farther north. Much of the material is 
of relatively local origin, and the various topographic 
highs that are partly buried by the formation contributed 
their part, which corresponds in composition to the make-up 
of the high points. Nevertheless, the influx'of andesitic 
material from farther away impressed an overall volcanic 
composition on the formation. Beds of fine-grained con-
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glomerate, sand, and silt are more common in the lower part 
of the region. Small ponds must have formed locally, Judg
ing from limy deposits and diatomaceous earth (sample F57- 
35) in some Interbeds. One of the largest deposits of marl 
is Just east of the Chinameca River on the highway leading 
from Tlaqulltenango to Huautla (quad. H-7). Travertine de
posits were formed from spring waters issuing from the 
limestone and are present from place to place. The most 
notable large deposits are at the north edge of Tlaltiza- 
pan (sample F-32-50; pi. 18-B) and Just southeast of Te
rn! Ipa Vieja (quad. F-7). Even gypsum (sample F-45-54; pi. 
18-D) was deposited in small ponds in the valley leading 
south-southeastward from Tlaltizapan (quad. G-7).

The small patches of Cuernavaca formation in the 
drainage area south and southeast of the Coxcatlan anti
cline in the southwestern part of the area mapped consist 
of material derived locally from the weathering and erosion 
of the limestone or other nearby rocks. They cover an in
significantly small total area.

The thickness of the Cuernavaca formation is ex
tremely variable from place to place, and the unit was of 
course not deposited over topographic highs. Exposures of 
at least 100 m. of beds appear in the vicinity of Cuerna
vaca, without reaching the base of the formation. Detailed 
information from wells is not available, although some wells 
certainly penetrated deeper levels than those exposed. The
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total thickness may reach 200 or 300 m. in some places 
(see sections A-A1 and B-B* in plate 2).

Stratigraphic relationships, origin, and age

The Cuernavaca formation overlies with marked ero- 
sional disconformity all the other rock units in the re
gion. It has marked angular relationships with the Balsas 
clastic group and older units, and.it has an obviously small 
angular relationship with the different middle Tertiary vol
canic units. The latter relationship is accentuated, how
ever, by the initial dips present in both the volcanic 
rocks and the Cuernavaca formation, and tectonic tilting 
of the volcanic rocks is not necessarily everywhere proved. 
Nevertheless, the fact that the volcanic units form topo
graphic highs and are strongly eroded suggests that they 
were uplifted and tilted along faults, which at the same 
time produced the low areas over which the Cuernavaca for
mation accumulated.. The next overlying unit is the Chichi- 
nautzln basalt series, which everywhere rests with erosion- 
al disconformity on the Cuernavaca formation.

The formation is thus thought to have been deposited 
mainly in coalescing alluvial fans on flood plains by streams 
arising in the high country where much relatively unconsoli
dated volcanic detritus was readily available to erosion by 
rain storms. The more massive deposits such as those near 
Cuernavaca were probably emplaced as lahars or volcanic mud



flows. Ordonez (1937a, p. 14) earlier suggested a mudflow 
origin for some of this material, but without much convic
tion. Following the opinion of Prlster (1927, p. 1-13), 
Ordonez further suggested (op. cit., p. 16) that some of 
the beds were deposited as glacial outwash from melting 
ice in the high mountain range to the north of Cerro Zem- 
poala. The writer can not agree with this latter opinion, 
however, because evidence of glaclars on the southern slopes 
of the mountains north of Cuernavaca is lacking, and more 
specifically because the Cuernavaca beds are thought to be 
older than the greater part of Pleistocene time. The small 
lenses of marl and gypsum were deposited in ponds produced 
by the shifting drainage lines and local alluvial fans. 
Concurrent volcanic activity may have been very strong in 
the Nevado de Toluca eruptive center 50 km. north-northwest 
of Cuernavaca, but it was probably weak elsewhere, for oth
erwise tuff beds would be more abundant, and lava flows have 
not been found interbedded with the formation in the area 
mapped.

The precise age range of the Cuernavaca formation 
has not been established in the area mapped. The only fos
sil evidence for its age consists of the presence of remains 
of the mastodon Cuvleronlmus (identified by A. R. V. Arella
no in Bonet, 1956) in beds of the formation near the town 
of Tonatico, located about 20 km. northwest of Cacahuamil- 
pa, beyond the northwest edge of sheet 2 of the geologic
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map. This genus Is considered to be of late Pliocene age.
In view of the fact that a great eroslonal unconformity 
separates the Cuernavaca formation from the next older, 
Zempoala series, which Is probably of late Miocene to ear
liest Pliocene age, and because the formation is not very 
thick, the writer doubts that its age extends back beyond 
late Pliocene time. Diatoms identified by K. Lehman in a 
sample (F57-35) from the top of the formation near Tlaquil- 
tenango (quad. G-7) indicate an early Pleistocene age.

Correlation

The Cuernavaca formation has been carried as far 
south as Iguala in the present report, but from there south
ward almost to Chilpancingo it seems to be absent, probably 
because clastic material eroded from the hillsides was car
ried downstream into the Balsas drainage. In the vicinity 
of Chilpancingo (fig. 1), mainly between Km. 269 and Km.
286 of the Acapulco highway, de Cserna identified clastic 
deposits that appear to be equivalent in age to the Cuerna
vaca formation and named them the Chilpancingo formation 
(in Fries, 1956b, p. 315-314). These deposits are fine
grained and lack the abundant volcanic fragments found far
ther north in the Cuernavaca formation. Fossil gastropods 
of the genus Planorbls were found in marly interbeds with 
ostracodes of the genus Cy-pris, both of which are almost
certainly post-Miocene and probably pre-Pleistocene in age.
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Deposits equivalent to the Cuernavaca formation 

have not been Identified, or at least they have not been 
mapped and named west of Iguala. Deposits of similar age 
and nature may occur southeast and east of Iguala, in north
eastern Guerrero and northwestern Oaxaca, but they have not 
been separated from older clastic rocks or described. In 
southeastern and eastern Puebla, however, Calderon-Garcfa 
(1956, p. 31-32) separated out and named the Amatitlan and 
Tehuitzlngo formations. He thinks that the former is of 
Pliocene age and that the latter, which rests conformably 
on it, may be of early Pleistocene age. These deposits or 
others of equivalent age and nature continue into central 
and northern Puebla and Tlaxcala, but they have not been 
mapped separately or named.

Deposits similar to those of the Cuernavaca forma
tion in the southwestern part of the Mexico Basin were named 
the Tarango formation by Bryan (1948, p. 11-12, fig. 3).
The top of this formation is thought to correspond roughly 
in age to the Plio-Pleistocene boundary (Arellano, 1953, 
p. 181), but without precise paleontologic evidence. The 
name Tarango has been carried to the end of the Mexico Bas
in, some 100 km. to the northeast of Mexico City, and also 
northward down the drainage basin of the Tula River as far 
as its junction with the Moctezuma River at the Queretaro- 
Hidalgo boundary line, west of the center of Hidalgo (pi. 
3-A; Segerstrom, in press). In the drainage basins of the
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Amajac and Mezqultlan Rivers, In the northeastern part of 
Hidalgo, however, the name Atotonllco el Grande formation 
has been proposed for equivalent deposits (Segerstrom, in 
press). In the Amajac valley near Atotonllco el Grande, , 
remains of a late Pliocene mastodon were found in the up- , 
per part of the Atotonllco formation (Segerstrom, in press).

Similar deposits occur in large volume to the north
west of the area mapped, in the States of Mexico, northern 
Michoacan, Guanajuato, and beyond, but they have not been 
mapped separately or named. Late Pliocene vertebrate re
mains have been recovered from them in different localities. 
It is interesting to note, in passing, that early Pliocene 
vertebrates have not been found in these beds In central 
Mexico, strengthening the opinion that the deposits are 
mainly no older than late Pliocene.

Chichlnautzin basalt series 
Distribution and physiographic expression

The Chichlnautzin basalt series (Fries, 1956c) was 
named for high Cerro Chichlnautzin, a Recent basaltic vol
cano along=the boundary line between the State of Morelos 
and the Distrito Federal (quad. A-7). The series was pro
posed for the purpose of grouping together all the numerous 
interbedded lava flows, tuff and breccia layers, and water- 
laid clastic deposits of andesitic to basaltic composition 
that rest with disconformity upon the Cuernavaca formation



and/or older units. The series makes up the high mountain 
range that forms the northern border of the area mapped 
(pi. 1, sheet l) and represents a segment of the Neo-vol- 
canic Belt described in the first section of the chapter on 
geomorphology. Lava flows and volcanoes of the series con
tinue northward beyond the area covered by the geologic map 
in plate 1, to form the southern flank of the Mexico Basin 
(see sheet 1 of geologic map in Fries, 1956b). Other flows 
extend in irregular tongues southward as far as the junc
tion of the Amacuzac and Chinameca Rivers.

In the eastern half of sheet 1 of the geologic map 
in plate 1, the basalt does not quite reach Cuautla. In 
the central part of the sheet it descends through valleys 
eroded in the Tepoztlan formation and on down the valley of 
the Yautepee River almost as far as Las Estacas (quad. F-7). 
The longest tongue extends down the valley between Tepozt
lan and Cuernavaca to Jojutla (quad. G-6), where it contin
ues under a Recent alluvial cover down the Yautepec River 
valley to the junction with the Amacuzac River, and thence 
down the latter as a tongue a few hundred meters wide to its 
junction with the Chinameca River (quad. H-6), where it ends 
An isolated basaltic volcano with a small lava field occurs 
1 km. east of the east end of section line F-F* (quad. F-8), 
just beyond the map.

The Chichinautzin series has distinctive topography 
wherever it occurs. It is characterized by extreme youthful

179



180
ness and scarcely shows any erosion In most of its outcrop 
area. The youthfulness is quite distinct from that of the 
Cuernavaca formation, however, as it is due to extrusion of 
lava flows and accumulation of cinder and scoria cones, 
rather than to construction of nearly flat alluvial plains. 
The pattern is readily distinguishable in vertical and ob
lique air photographs, although in plates 4 and 5 the bas
alt range on the horizon is so far away that cinder cones 
are difficult to make out. The drainage pattern on the 
south slope of the basalt range is incipient and poorly in
tegrated. Clusters of arroyos are mainly expressions of 
large cinder cones and lava mounds, which are readily gul
leyed because of steep slopes and/or lack of consolidation. 
Drainage blocking, with resulting alluvial accumulation is 
another characteristic feature around the edges of the lava 
flows. The flows themselves generally have hummocky sur
faces and many undrained depressions, which may resemble 
small sinks in flat limestone terrain. Most of the flows 
are of aa type and have blocky surfaces, although a few 
were fluid enough to produce pahoehoe surfaces.

Petrography and thickness

By far the greater part of the Chichinautzin series 
consists of porphyritic olivine basalt with labradorite mi- 
crolites and abundant augite grains in a nearly holocrystal- 
line matrix. Detailed petrographic descriptions and chemical
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analyses of the "basalt flows that make up the Pedregal de 
San Angel, at the south edge of Mexico City and only 20 km. 
north of the edge of plate 1, have been published by Schmit- 
ter (1953, p. 232-236), who classified the rock as olivine 
basalt with alkaline affinities. This lava Is part of the 
Chlchinautzin series and Issued from XItil Volcano only 12 
km. north of the edge of plate 1. It was extruded about 2400 
years ago, according to radiometric determinations by Libby 
of the content of charcoal burled by the lava (Arella
no, 1953, p. 176), and Is typical of many of the flows that 
make up the series. Textures are dense to highly vesicu
lar and depend largely upon the position of the sample with
in the flow. Color ranges from medium gray to nearly black, 
except where fumarolic activity and deuteric oxidation al
tered the iron minerals in the matrix and Imparted a rusty 
red color to the rock. This alteration is particularly 
characteristic of breccias on and around the edges of lava 
flows, and of scoria and coarse ash around and in extrusive 
vents and in cinder and scoria cones.

Less common types of lava are iddlngsite-augite bas
alt, hypersthene basalt, enstatite basalt, hypersthene bas
altic andesite, and hypersthene-hornblende andesite. The 
latter rock forms a dome-like ridge of viscous lava unac
companied by pyroclastic material, which is followed for 5 
km. by the boundary line between the States of Mexico and 
Morelos (quad. A-5 and B-5). Some of the flows of the series



contain xenocrysta of quartz and other minerals, which have 
reaction rims of mafic minerals, but larger, lithic xeno- 
liths are relatively uncommon. Lavas from Chichinautzin 
Volcano and near the Zempoala Lakes are generally peppered 
with foreign material in small quantity. Detailed descrip
tions of specimens from different flows from the area mapped 
are given in the appendix under sample numbers P-1-50, 
P-3-50, F-4-50, F-10-50, F-87-50, F-34-54, F-50-54, F55-59, 
and S56-I6 to 356-31. Photomicrographs of some of these 
specimens are given in plate 22-A to -F.

The thickness of the Chichinautzin series is of 
course extremely variable from place to place, as a glance 
at the geologic map suggests. The thickest part of the ser
ies may occur under Chichinautzin Volcano and in that gen
eral vicinity, for one of the old major valleys buried by 
the series is thought to pass beneath that locality (see 
pi. 3-B). From there eastward for about 27 km. the series 
must also be thick, but a ridge of middle Tertiary volcanic 
rocks may separate the western and eastern ends of this 
belt. Judging from the presence of the Tepoztlan formation 
at relatively high altitudes in the north-central part of 
sheet 1 of plate 1. The eastern end of the belt is also 
thought to overlie an old major valley filled by the series 
(pi. 3-G), but the thickness is considerably less. Both 
east and west of this belt the basalt series laps against 
middle Tertiary volcanic rocks and pinches out, although it
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picks up again farther east and west beyond the area mapped. 
Also both north and south of the thick belt the series grad
ually thins out and disappears. The long tongue that 
flowed down the Amacuzac River from its junction with the 
Yautepec River is about 30 or 40 m. thick at the junction 
(quad. H-6) and becomes gradually thinner in the 16.5 km. 
from there downstream to the Junction with the Chinameca 
River, where the flow ends. It probably continued a lit
tle farther but has since been eroded.

Stratigraphic relationships and age

The Chichinautzin basalt series rests everywhere 
with erosional disconformity on the next older unit, the 
Cuernavaca formation, in the area mapped. At every point 
where a contact between the two units was seen, erosion had 
attacked the Cuernavaca formation to a variable degree, de
pending upon the time when the lava at that particular 
point was extruded. The oldest lavas of the series are 
now burled, and the relationship between them and the Cuer
navaca formation is not known. From evidence farther north, 
in the State of Hidalgo (Segerstrom, in press), however, 
some of the oldest basaltic lavas are apparently interlay- 
ered with the upper part of the. Tarango and Atotonilco el 
Grande formations, which are equivalent in age to the Cuer
navaca formation. Basaltic extrusion thus probably over
lapped deposition of the Cuernavaca formation in some places
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now burled.

Angular relationships seen between bedding In the 
latter unit and the overlying basalt are clearly an effect 
of diverse Initial dips and were nowhere thought to Indi
cate tilting of this unit before extrusion of the basalt. 
Initial dips In some of the ash deposits reach a maximum 
of 30° to 35°, depending upon the coarseness and size dis
tribution of the ash. Cinder cone slopes are generally 
nearer the lower limit stated, whereas lava fronts may be 
considerably steeper, reaching 50° or 60° in a few places. 
Ash covers topographic slopes with concordance at the base, 
to a maximum slope of about 35°* but bedding flattens grad
ually upward in the deposit.

In the absence of the Cuernavaca formation, the Chi- 
chinautzln series rests on any one of the older rock units 
as far down In the section as the Morelos formation, and In 
fact several vents out of which basalt assigned to the ser
ies was extruded cut through outcropping Cretaceous rocks. 
Examples of such vents are Cerro de las Tetlllas and Cerro 
de la Corona (quad. D-7)» as well as Cerro Tezontepec Gran
de and another volcanic cone just south of It (quad. F-6). 
Other basaltic volcanoes obviously came up through outcrop
ping Tepoztlan formation and rocks of middle Tertiary vol
canic series. The relationship with all these units is un- 
conformable, and an angular unconformity of tectonic origin 
Is present between the basalt and the Tepoztlan formation.
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The degree of discordance Increases particularly with the 
Balsas group, and to an even greater degree with the Cre
taceous rocks. The only deposits that lie on the Chichi- 
nautzin series are continental clastic beds, marl, traver
tine, loess, di&tomaceous earth, and peat.

The full age range of the Chichinautzin series is 
not known. Volcanism has occurred in historic times, and 
although the only precise date of volcanic activity near 
the area mapped is 2400 years for Xitli Volcano (Arellano, 
1953» p. 1?6), located 12 km. north of the northwest edge 
of the geologic map, some other vents were probably active 
more recently Judging from the fresh, unweathered and un
eroded cinder cones and lava, flows. Chronicles of pre-His
panic time are Incomplete or. were destroyed, but a folklore 
of events relating to volcanism attests to such activity 
over the past several mlllenia. Activity may be resumed at 
any time in this belt and will assuredly be repeated again 
and again in the future. As indicated in a preceding para
graph in this section, basaltic volcanism commenced farther 
north before the end of deposition of the Tarango formation, 
presumably in late Pliocene time (Segerstrom; in press). 
Evidence.for such an early age in the area mapped is lack
ing, possibly because of burial of the oldest lava flows, 
but obviously volcanism has been going on since some time 
well back in the Pleistocene epoch. Probably the oldest 
basaltic rocks of the Chichinautzin series exposed in the



area mapped are In the vicinity of Cerro Tesqulstle and Ce- 
rro Partldo, west of Nepantla (quad. C-10), where erosion 
has Incised deeply Into the basaltic material.

Correlation

The Chichlnautzln basalt series forms part of the 
Neo-volcanic Belt, mentioned earlier, that extends west- 
northwestward to the Pacific coast and out Into the Revi- 
llagigedo Islands, as well as east-southeastward, with In
terruptions , to the Gulf of Mexico, where It terminates In 
the cluster of cones and lava flows around San Martfn Vol
cano, Just west of the north side of the Isthmus of Tehuan
tepec. The rocks In this belt are correlative In composi
tion and age with those of the Chichlnautzln series of the 
area mapped, but their petrography has notbeen described In 
detail, except for the area around Parfcutin Volcano In 
central Mlehoacan (fig. 1), and they have not been grouped 
Into named units or series. The most detailed petrographic 
and petrologic description of the rocks In a large region 
of the Meo-volcanic Belt Is the one Just mentioned, in cen
tral Mlehoacan, by Williams (1950, p. 234-271), who states 
that "lavas of post-Zumplnlto age" (post-Zempoala age of the 
present report) "range from olivlne-augite basalts through 
basaltic andesites to hornblende and pyroxene andesites"
(op. clt., p. 259-260). The most detailed petrologic study 
of the lavas from the newest volcano In the Neo-volcanic
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Belt is that of Parfeutln Volcano by Wilcox (1954, p. 289- 
347), who points out that the composition of the lava from 
this one volcano changed in a period of nine years from 
olivine basaltic andesite to orthopyroxene andesite (op. 
cit., p. 289).

Rocks equivalent in composition and age to those of 
the Chichinautzin series are not known to occur south of 
the junction of the Amacuzac and Chinameca Rivers (quad. 
H-6), except possibly for some sporadic lava flows or vol
canoes unmapped and unknown to the writer. They continue 
northward, however, through the Distrito Federal and into 
the southern part of the State of Hidalgo. From there 
northward into central Hidalgo they become more sporadic 
and disappear (Segerstrom, in press). The width of this 
belt at the longitude of the area mapped is thus about 200 
km., but by far the greater volume of volcanic products 
was extruded in a belt only about 60 km. wide, of which the 
southern half lies in the area mapped.

Two very large volcanoes that have been active in 
late Pleistocene and Recent time are located in the Neo- 
volcanlc Belt not far from the area mapped. One of them 
is Nevado de Toluca or Xinantecatl Volcano, situated 45 km. 
due west of the northwest corner of sheet 1 of plate 1, and 
the other is Popocatepetl Volcano situated 10 km. east of 
the northeast comer of the same sheet. These two volcanoes 
are andesitic in composition and are distinctly larger than,
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and significantly different in general composition from the 
majority of basaltic and andesitic volcanoes assigned to 
the Chichinautzin series, in spite of the fact that they 
form part of the Neo-volcanic Belt. They apparently began 
to erupt in late Pliocene time and continued intermittent
ly through Pleistocene time and into Recent time. They un
doubtedly supplied much of the andesitic detritus incorpor
ated in the Cuernavaca formation and more recent clastic 
deposits, some of which are described in the next chapter.

Continental clastic deposits 
Definition

The continental deposits of post-Cuernavaca age that 
do not consist of lava flows or cinder cones are grouped to
gether into one single unit, which is referred to simply as 
Continental clastic deposits. They include generally un
consolidated materials ranging from coarse angular fanglom- 
erate to fine silt and clay, as well as minor quantities of 
interbedded marl, diatomaceous earth, peat, volcanic ash, 
loess, and travertine. Soils and caliche are not here con
sidered to be 11thostratigraph!c units and are accordingly 
not shown separately from the underlying parent units.
Where they occur back in the geologic column, they may or 
may not retain their identity and are usually considered to 
represent basal beds of the next overlying formation. Only 
materials transported and deposited through the agency of
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water and air are here mapped separately as rock units.
Thus only those soils and caliche that were transported and 
re-deposited were taken into account in mapping clastic de
posits. Owing to the scope of the present report, with its 
major emphasis on pre-Recent lithostratigraphic units and 
the tectonic history registered by them, clastic deposits 
less than 3 or 4 m. thick were not mapped separately.

Description of separate areas of clastic deposits

A large patch of fanglomerate, conglomerate, grav
el, sand, and silt with intermixed and interbedded volcanic 
ash from volcanoes of the uhichlnautzln series, including 
Popocatepetl Volcano, appear in the northeastern corner of 
sheet 1 of plate 1. This material accumulated because of 
repeated drainage blocking by extrusion of basaltic lavas 
to the west and south, and some of it is interfingered with 
the lava flows. The clastic deposits rest partly upon the 
Xochitepec volcanic series (equivalent to the Undifferen
tiated volcanic series) and partly upon the Tarango formation 
(equivalent to the Cuernavaca formation), as well as upon 
interbedded lava flows.

The largest area covered by the Pleistocene to Re
cent clastic unit is a roughly triangular patch defined by 
Xochitlan (quad. D-ll), Anenecullco (quad. E-9), and Yaute- 
pec (quad. D-8). A tail of this patch extends southward 
down the Yautepec River valley to beyond Tlaltlzapan (quad.



F-7). The material consists partly of fanglomerate and con
glomerate, but probably the larger part is composed of sand, 
silt, and clay, with much admixed ash. Carbonaceous matter 
appears to be mixed with the clay in the area west and south 
of Cuautla. Travertine and marl are present in minor quan
tities in the area east.of Tlaltizapan. This large area of 
clastic material rests upon the Cuernavaca formation, the 
Tepoztlan formation, the Undifferentiated volcanic series, 
the Balsas clastic group, and the three uppermost Creta
ceous formations. It also is interfingered with basaltic 
lava flows of the Chichinautzin series and thus rests upon 
some of them.

The major cause of the accumulation of these depos
its was repeated drainage blocking on the north, in the vi
cinity of Oaxtepec (quad. D-9), Itzamatitlan, and Yautepec 
(quad. D-8), as well as down the Yautepec River valley. 
Drainage by way of the Yautepec River was lower in altitude 
than by way of the Cuautla River southeast of Ayala (quad.
E-9), and much of the Cuautla area was de-watered toward 
Yautepec before lava flows blocked the outlet. The extent 
of the alluvial cover west of Cuautla was greatly enlarged 
by subsequent dissolution of,the limestone along the east 
front of the limestone ridge west of Cuautla, with consequent 
sinking of that area and alluvial deposition. The valleys 
south of Yautepec owe their alluvial cover to drainage 
blocking by lava near Yautepec. Alluvium in the upper part
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of the Yautepec valley is also due to lava "blocking. The 
southern half of this valley, however, and particularly 
the area east of Tlaltizapan owe their extensive alluvial 
cover to dissolution and sink formation.

Another fairly large area covered by this clastic 
unit extends northwestward, southeastward, and southwest- 
ward from Jojutla (quad. G-6). The alluvium in the latter 
area consists mainly of gravel, sand, and silt, with much 
admixture of ash. It owes its presence to drainage block
ing by lava flows that descended from the north and contin
ued down the Yautepec valley to the junction of the Amacu- 
zac River, and thence down the Amacuzac valley to the junc
tion of the Chlnameca River. Small patches of basalt pro
truding through the alluvial flat to the north and south of 
Jojutla attest to the presence of the basalt under the al
luvium. The patch of alluvium in the vicinity of Acatllpa 
(quad. E-6) owes its presence to drainage blocking by lava, 
and the same is true of all the other alluvial patches 
north, northeast, east, and south of there.

Alluvial:deposits that accumulated because of dis
solution of limestone bedrock and the formation of sinks 
and poljes appear in patches of various sizes in the fol
lowing places* just south of Xochitepee (quad. E-6), west 
of Alpuyeca (quad. F-5), around Lake Rodeo (quad. E-5), in 
the vicinity of Lake Coatetelco (quad. F-4), in the vicinity 
of Cuautlita (quad. F-4), around Puente de Ixtla and Lake
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Tequesquitengo (quad. G-5), and in the vicinity of Iguala 
and Lake Tuxpan (quad. J-2). Other small patches of the 
same origin appear here and there and can be recognized 
by inspecting the geologic map.

Summary of origin of mapped clastic deposits

In summary, most of the Continental clastic deposits 
of Pleistocene and Recent age shown on the geologic map are 
due to drainage blocking by lava flows of the Chichinautzln 
series or to sink and polje formation by dissolution of the 
underlying Cretaceous carbonate rocks and anhydrite. Al
most all arroyos and river valleys contain a thin veneer of 
alluvium that is being transported downstream, but only in 
a few places were deposits found that were thick enough 
to map separately (more than 3 or 4 m.). The region has 
obviously been one of active erosion since the deposition 
of the Cuernavaca formation, and the products have been car
ried out into the Balsas drainage, except for those that 
have been held back temporarily as described in this chap
ter. The situation in the Mexico Basin on the north side 
of the range formed by the Chi chinaut z in series, has been 
exactly the opposite. There, drainage blocking occurred 
early In Pleistocene time and produced endoreic drainage, 
which permitted accumulation of clastic material uninterrup
tedly up to the present day.
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Soils, caliche, and minor unmapped Recent deposits

No attempt was made to study or classify the soils 
of the area mapped beyond making brief observations on their 
general character, thickness, and relationship to Recent 
volcanism. The soils of the Mexico Basin and some adjoin
ing localities were studied from a geological-climatic point 
of view by Bryan (1948), in an attempt to establish a late 
Pleistocene and Recent climatic chronology, and the reader 
is referred to that paper for a more detailed discussion of 
the soils of the region. Owing to the great climatic var
iation from the highest to the lowest part of the area 
mapped, soils are variable from place to place in response 
to altitude and precipitation. They nevertheless appear to 
fall generally into the classification of tschernosem, with 
more or less accumulation of carbonate in the B horizon.
In few places have soils developed normally, however, be
cause of repeated addition of volcanic ash or loess. Such 
additions are characteristic of the northern high country, 
but the southern high country southwest of the Amacuzac 
River did not receive significant quantities of air-borne 
materials. Addition of ash and loess Interrupted soil de
velopment and produced two or more superposed, Incompletely 
developed profiles in many places in the northern highland 
of the area mapped. Glacial outwash from Popocatepetl Vol
cano is incorporated in the Continental clastic unit in the
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northeastern part of the area, but glacially derived debris 
elsewhere consists only of admixed loess picked up largely 
from the Mexico Basin and Incorporated In the soil. No 
deposits of pure loess were noted In the area mapped, al
though they occur on the north side of the basalt range.

Taking Into account the Interruptions mentioned, 
the high country above an altitude of about 1800 m. is gen
erally characterized by black topsoil (horizon A) with con
siderable organic or humic content. The black soil grades 
downward into dark-brown to reddish-brown soil with some 
lime (horizon B) and then into lighter-colored, yellowish 
sub-soil and rotten bedrock (horizon C). The total thick
ness of residual soil in flat areas that have been relative
ly protected from both erosion and deposition is only 1 to 
3 m. Any addition of air-borne ash or loess increases this 
thickness locally. Below an altitude of 1800 m. the soils 
become progressively less black and thinner, so that in the 
low country near the Amacuzac River the topsoil is light 
gray and only 1 to 3 cm. thick, followed by light-brown to 
yellowish subsoil and yellowish rotten bedrock. The total 
thickness of residual soil in flat areas of little erosion 
or deposition is generally less than 1 m. The development 
of high carbonate content in the B horizon is much more pro
nounced than at higher altitudes, and caliche or lime depos
its are quite generally visible.
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The term caliche as here used refers to deposits 

of mainly calcium carbonate with minor quantities of sili
ca and other chemical substances that form through chemical 
precipitation of mineral matter from vadose waters as they 
evaporate in soil or bedrock near or at the surface of the 
ground. Deposits of this type of caliche are common to 
widespread at altitudes lower than about 1800 m. Where they 
appear at the surface of the ground in nearly flat areas, 
the topsoil has apparently been stripped away, but where 
they appear at the surface on hillsides, lime-bearing wa
ters have apparently seeped outward to the surface and have 
deposited their lime content in and on the eluvial cover 
upon evaporating. The latter deposits grade into traver
tine in places where seepage is more voluminous. By far 
the greater quantities of caliche appear on, over, or near 
outcrops of limestone, or conglomerate bearing limestone 
fragments.

Calcareous caliche deposits range in thickness from 
a few centimeters to a maximum of perhaps 10 m. or more. In 
flat areas caliche is rarely more than a few centimeters 
thick, although it may appear as dense.lime coatings on 
fracture walls and bedding planes in the upper meter or so 
of bedrock, where bedrock reaches the surface of the ground. 
Such coatings are characteristic of limestone terrain and 
are thinner and less common in other types of bedrock. The 
thickest deposits are present where alluvium has accumulated
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locally In arroyos debouching from limestone hills. In 
such places the lime-laden waters seeping from the higher 
limestone country infiltrate through the alluvium and pre
cipitate their lime upon evaporation. Such deposits of 
calicheized alluvium have been seen in rare instances to 
reach 30 m. or more in thickness. Evidence points to a 
general recent dissolution of caliche in the area mapped, 
attesting to a somewhat wetter climate at present than at 
the time of maximum caliche deposition, but exceptions may 
be found in some places.

Dark-gray basaltic ash deposits are widespread ov
er the northern part of the area, and Incipient soil dev
elopment between different layers proves that eruptions 
occurred intermittently and were separated by long, though 
unknown intervals of time, probably measured in hundreds of 
years. Remnants of a much different type of ash and lapil- 
11 are present in protected places in the northern part of 
the area mapped, under a cover of later dark-gray ash and 
soil. They consist of a layer of variable thickness of 
light-gray frothy andesitic pumice. . The layer appears only 
sporadically in the northwestern part of the area mapped, 
but remnants of it become more common and. thicker toward the 
west, reaching several meters in thickness near the base of 
Nevado de Toluca Volcano. Similar ash and lapilll appear 
in remnants in the northeastern part of the area mapped. 
These deposits become increasingly thicker eastward toward
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Popocatepetl Volcano. Both volcanoes must therefore have 
had intense pumice eruptions in relatively recent time, 
possibly within the last 10,000 years, but the Popocatepetl 
eruption may have been somewhat more recent than the XI- 
nantecatl eruption. . Distribution of the ash suggests that 
prevailing winds during the latter eruption were such as to 
carry the products eastward. Basaltic eruptions have oc
curred more recently than the andesite pumice eruptions, 
for dark-gray basaltic ash is present on top of the light- 
gray lapilll.

INTRUSIVE IGNEOUS ROCKS 
Pre-Cretaceous dikes and sills

The oldest intrusive rocks in the area mapped occur 
in the Taxco district, where they cut the Taxco schist ser
ies in the form of numerous dikes, sills, and small irre
gular bodies. The writer did not study these rocks in de
tail nor attempt to map them. One of the dikes appears in 
the road cut at about Km. 160.5 of the Taxco highway (quad. 
H-l), where it is partly sill-like and partly cross-cutting 
with relation to the foliation of the schist. The dike 
was strongly deformed and faulted with the schist, suggest
ing that it is at least pre-Cretaceous in age and may be as 
old as Paleozoic. According to Fowler and others (1948, p. 
5), the intrusive bodies are less than 5 m. thick and are 
not known to Invade the overlying sedimentary rocks. They



consist of dark, fine-grained igneous rocks which have been 
variously called diorite, andesite, and trap (Osborne, 1956, 
p. 80).
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Cretaceous(?) or early Tertiary(?) stocks 
Distribution and petrography

Two stock-like intrusive bodies of granitic rock 
cut through the Xochicalco and Morelos formations in the 
vicinity of Buenavista de Cuellar. The larger stock lies 
southwest of the town and is at least 7 km. long (quad.
1-3), but its full extent is not known because it is covered 
by the Tllzapotla rhyolite series. Moreover, the contact 
was not completely mapped for lack of photographic cover
age. Two samples of the rock (F55-91 and F55-95) were ex
amined in thin section by E. Schmitter, who classified them 
as quartz diorite porphyry and granodiorite. The former 
was collected from the border of the mass near the north
east end of the contact shown on the geologic map, and the 
other came from the border near the southwest end of the 
same contact. Observations in the field suggest that the 
main mass of the rock is less basic and may approach gran
ite in composition. The border zone shows evidence, in the 
form of garnet and epidote, of admixture of lime from the 
intruded rocks.

The smaller stock lies west of Buenavista and is 
nearly oval in outcrop, measuring 4 km. by 5 km. in minimum
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and maximum diameters. This stock is here named the Cox- 
cat lan granite, from the small town of that name near the 
north border of the granite outcrop. A sample (F55-86) 
from along the eastern contact against slightly marmorized 
Xochicaleo formation was examined in thin section by E. 
Schmitter, who classified it as granodiorite porphyry. An
other sample (F55-94), taken from near the southern end of 
the same stock, was examined in section and proved to be a 
true granite. The intruded limestone may have contributed 
some lime to the border zone of the stock, or the earlier 
phase of the intrusive may have been somewhat more basic.
In any event, the main mass of the rock is homogeneous in 
appearance and seems to consist of granite.

A third, much smaller granitic stock crops out in 
Cerro Colotepec (quad. E-5), where it intrudes the Xochi
caleo formation, which is slightly marmorized at and near 
the contact. Its outcrop dimensions are 1000 m. long by 
400 m. wide. A thin section of a sample (F55-99) taken from 
the northern end of the stock was examined by E. Schmitter, 
who reports the rock to consist of quartz monzonite.

Time of emplacement

The three stocks described above are grouped toge
ther under the map symbol "Tig" and are shown in the expla
nation on the geologic map as being of early Tertiary age. 
Closer analysis of faunal and structural data after the map
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was completed, however, suggest that the stocks may have 
been emplaced somewhat earlier. Direct evidence for their 
age indicates only that the Colotepec stock was emplaced 
after deposition of the Xochlcalco formation, and the Cox- 
eatlan and Buenavista stocks were intruded after deposition 
of the Morelos formation. The Buenavista stock must be of 
pre-Tilzapotla age, for the Tllzapotla rhyolite series lies 
on it. All three stocks occupy anticlinal areas, which are 
here named the Coxcatlan anticline in the south, and the Co
lotepec anticline in the north (pi. 3-B).

The Morelos formation is somewhat thinner (about 
400 m. thick) in the vicinity of the two southern stocks 
than it is farther north (800-900, m. thick), and particu
larly significant is the fact that the top of the Morelos 
formation at Km. 148.8 appears to be of late Alblan age 
(see page 80), instead of early Cenomanian age as else
where. This is interpreted to mean that the area was bowed 
up and eroded more strongly than surrounding areas before the 
overlying, Mexcala formation was deposited. The Cuautla for
mation is missing at the locality, so that the time interval 
represented by the unconformity is greater than in much of 
the region. The suggestion is thus strong that the stocks 
were emplaced after the Morelos formation was deposited and 
before the overlying Mexcala formation began to deposit, sig
nifying a late Cenomanian or early Turonian age as the date 
of emplacement.
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Further support for such an age consists of radio- 

metric age determinations of four widely scattered grani
tic bodies located south and west of the area mapped. One 
of these masses, the Placeres granite, is located 100 km. 
due west of Iguala, Just south of locality 5 in plate 3-A. 
The sample (F55-52) gave an age of 97 million years (Fries, 
1956b, p. 322). A second intrusive body, located near El 
Ocotito and called the El Ocotlto granite, was sampled 
(F56-19) at Km. 323 of the Acapulco highway (fig. 1). The 
radiometric age reported is 92 million years (op. clt.,p. 
319). A third granitic body, the Xaltianguis granite, was 
sampled (F56-20) at Km. 360 of the Acapulco highway (fig.
1) and gave an age of 94 million years (ibidem). The 
fourth intrusive body, the Acapulco granite, was sampled 
($56-21) near Km. 400 of the Acapulco highway (fig. 1); 
the age reported is also 94 million years (ibidem). Ac
cording to the Holmes-Marble time scale, these intrusive 
bodies were emplaced early in Late Cretaceous time.

The above evidence is not conclusive, however, and 
these stocks may be of early Tertiary age. Evidence sug
gesting possible pre-Balsas age is the fadt that the out
crops of Balsas group rocks lying north, west, and south of 
the Coxcatlan and Buenavista stocks had their origin in the 
Coxcatlan anticline. Cross-cutting relationships suggest a 
post-folding date of Intrusion.

...
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Tertiary dikes, sills, and stocks

Dikes, sills, and stocks intrude the Cretaceous for
mations , the lowr Tertiary Balsas clastic group, the middle 
Tertiary Tilzapotla rhyolite series, and at least the lower 
part of the overlying Buenavista volcanic series, hut none 
were seen to cut the Cuernavaca formation. These Intrusive 
bodies are not related to the Chichinautzin basalt series 
either petrographlcally or spatially and must accordingly he 
somewhat older. Whether they are all of more or less the 
same age, or whether some of them are much older than others, 
can not be determined with certainty from field evidence 
alone. Some of the basic dikes in the Cretaceous forma
tions may have been intruded contemporaneously Srith the ba
sic lava flows in the Balsas clastic group and may have 
been feeders for such flows, as well as provided volcanic 
material Incorporated in the Balsas group, which contains 
much clastic material of volcanic origin. Those that cut 
the lower and middle Tertiary rock units may have been 
feeders for some of the upper Tertiary volcanic rocks. The 
intrusive bodies are not numerous and are described in some
what more detail in the following paragraphs.

Pre-Tilzapotla(?) Intrusive rocks

Probably the oldest intrusive bodies are the basic 
dikes that cut the Morelos and Cuautla formations in the



north-central part of the area mapped. One of these dikes 
cuts the Cuautla formation north of Cerro Barriga de Plata 
(quad. C-7). Two very small dikes appear east of Cerro de 
la Corona (quad. D-7), where they also cut the Cuautla for
mation. Another, larger dike cuts the Morelos formation in 
the west flank of Cerro Monte Negro (quad. D-7). A sample 
of the latter dike (F-7-50) was examined in thin section 
and found to consist of porphyrltic oilvine-hypersthene bas
alt, the mafic minerals of which are strongly altered to 
nontronite(?) (pi. 20-E). Several sill-like bodies of sim
ilar rock appear cutting the Morelos and Cuautla formations 
on the ridgetop from 2000 to 4000 m. southwest of Cerro 
Monte Negro (quad. E-7). The largest of these bodies was 
sampled (F-21-54) and found in thin section to consist of 
diabase with olivine phenocrysts and both ortho- and clino- 
pyroxene in the matrix; much of the mafic material is al
tered to nontronlte(?) and calcite (pi. 20-0). A similar 
dike cuts the Cuautla and Morelos formations about 1500 m. 
south of Atlihuayan (quad. D-8). A very thoroughly altered 
basic dike cuts the Mexcala formation at about Km. 148.9 
of the Amacuzac-Taxco highway.

All these highly altered basic dikes are similar to 
each other in the field and are different in petrographic 
character from the other Tertiary intrusive bodies and from 
all the igneous rocks of the Chichinautzin series that were 
sampled. They may have been intruded earlier than or nearly
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concomitantly with the accumulation of the Balsas clastic 
group. They are not separated from the younger basic intru
sive bodies on the geologic map and in the explanation that 
accompanies the map.

Post-Balsas intrusive rocks

Other basic rocks, which are undoubtedly younger 
than early Tertiary inasmuch as they cut the Balsas clastic 
group or younger volcanic rocks, appear In the southwestern 
part of the area mapped. The largest mass is a stock about 
1500 m. in diameter whose east side just reaches the high
way at Km. 141.3 of the Amacuzac-Iguala toll road. The 
rock cuts the Xochlcalco and Morelos formations and caused 
slight recrystallization of the limestone along the contact. 
It also cuts the rhyolite of the Tilzapotla series and the 
basal part of the Buenavista volcanic series. A sample 
(F55-84) examined in thin section was found to consist of 
andesite porphyry with both ortho- and clinopyroxene in a 
trachytlc to pilotaxitlc matrix with andesine mlcrolites.
The rock has a fresh appearance in hand specimen and thin 
section, thus differing from the older basic dike rocks. A 
dike-like mass of probable andesite some 20 m. wide cuts 
the Mexcala formation at Kin. 163.3 of the Taxco-Iguala high
way. The dike was not traced up the hillside west of the 
road, but a similar rock cuts the Balsas clastic group a- 
bove that point (not shown on the map) and is thought to be

.



an extension of it. In that event, the Intrusion occurred 
after the beds of the Balsas group had been deposited. A 
small stock 300 or 400 m. in diameter penetrates the Mex- 
eala formation 800 m. west of Azlzlntla (quad. G-2). The 
rock is fresh and appears in hand specimen to be a fine
grained dlorlte. It, also, is thought to be of middle Ter
tiary age.

A stock 2500 m. south of Teacalco (quad. 0-3) pene
trates the Mexcala formation, the Balsas clastic group, and 
the Tllzapotla rhyolite series. A sample of it (F55-26) 
was examined in thin section (pi. 20-A) and found to consist 
of highly chlorltlzed diabase(?). The intruded rocks are 
slightly metamorphosed near the contact. A second, very 
small stock only 100 to 300 m. across cuts limestone con
glomerate of the Balsas group 1700 m. north of Km. 123 of 
the Taxco highway (quad. G-4). It, too, was sampled (F55- 
35) and found in thin section (pi. 20-B) to consist of high
ly chlorltlzed diabase(?). The limestone pebbles and boul
ders in the Balsas group beds near the contact are marmor- 
ized and silicated. A third stock crops out Just north of 
the Amacuzac-Iguala highway between Km. 123 and Km. 124 
(quad. H-4 and G-4). The outcrop area seems to include more 
than one intrusive rock, but the essential composition ap
pears in hand specimen to correspond to andesite. The lime
stone conglomerate at the south end of the stock is so thor
oughly silicated and garnet!zed that it is highly resistant
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to erosion and stands up in a small butte.

A basaltic dike (sample F55-20; pi. 21-D) cuts the 
Tllzapotla rhyolite series at the underpass and road Junc
tion just west of Amacuzac (quad. G-4) (not shown on the 
map). A series of dacitic and andesitic dikes (sample 
F55-107) cuts the Balsas clastic group at and northwest of 
Tepecuacuilco (quad. K-3). A group of three rhyolitic 
dikes penetrates the Tllzapotla rhyolite series and the ba
sal part of the Buenavista volcanic series at and southeast 
of Km. 140.1 of the Amacuzac-Iguala highway. A small cut 
in what appears to be a large dike cutting the Tllzapotla 
rhyolite series at Em. 89.2 of the Cuernavaca-Amacuzac 
federal highway (western one of two parallel highways; 
quad. E-6) was sampled (F55-62) and found in thin section 
to consist of andesite. The mass of rhyolite in the same 
locality, referred to the Tllzapotla series, appears to lie 
over extrusive vents and contains contorted masses of flow 
rock as well as flatter-lying lava flows. A rhyolite dike 
about 3 m. wide cuts the Cuautla formation at the north end 
of the hill against which Emillano Zapata is built, at a 
point about 1700 m. north of the center of the town (quad. 
D-6). All these small intrusive bodies are undoubtedly of 
middle to late Tertiary age and were emplaced before depo
sition of both the Cuernavaca formation and Chichinautzin 
basalt series. No other pre-Chichinautzin intrusive bodies 
were seen during the field work in the area mapped.



207

STRUCTURE 
General features

The broad structural relationships between the dif
ferent metamorphic, sedimentary, volcanic, and igneous in
trusive rocks in the area mapped have been mentioned brief
ly in the chapters describing those rocks, as the relation
ship of each rock unit to the underlying and overlying units 
was reviewed. Some of the minor structural details within 
the individual units have also been described in the sec
tions on the corresponding units. The present chapter will 
therefore be devoted mainly to a description of regional 
structural features that affect more than one formation or 
rock unit. Although these features are shown on the geolo
gic map in plate 1, they are difficult to visualize because 
of the great mass of stratigraphic, topographic, and cul
tural minutiae shown on that map. A much simplified dia
gram illustrating almost exclusively structural features 
was accordingly prepared and is reproduced at a reduced 
scale in plate 3-B. The latter diagram gives the location, 
kind, and name (if any) of each structural feature. For a 
third dimensional view of these features, the reader is re
ferred to the geologic sections in plate 2, which are repro
duced at the same scale as the geologic map, or 1:100,000.

All rock units older than the Morelos formation oc
cupy very small areas of the geologic map and yield little
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evidence to enable one to decipher clearly any regional 
structural pattern older than the one impressed upon them 
after deposition of the youngest Cretaceous (Mexcala) for
mation. The Taxco schist series was strongly folded to the 
point of producing well defined foliation before the over- 
lying units were deposited, but the writer did not study 
the unit in sufficient detail to work out the regional pat
tern of deformation, if the small outcrop area should yield 
enough information for such a determination. The folia
tion in the schist seems to have an overall easterly to 
northeasterly trend and relatively low dips, leading one to 
suspect that the series may contain repeated, strongly ov
erturned folds. Andesite dikes and quartz veins were em
placed after development of the principal foliation, for 
they cut across the layers of schist. Later movement dis
rupted them into segments and produced marked crenulation 
in the schist. Rock units between the schist and the Mo
relos formation indicate only that broad warping occurred 
to a sufficient degree to produce dlsconformities and local 
unconformities between them, as discussed in earlier chap
ters on these units.

The major regional structural features now apparent 
and decipherable, then, consist of folds produced in the 
Cretaceous and older rocks at some time before deposition 
of the Balsas clastic group, and faults produced after the 
period of major folding but before deposition of the Balsas
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group had terminated. Other features consist of later 
faults, some of which are of late Pleistocene to Recent age, 
and the deep crustal rift defined by the Neo-volcanic Belt. 
Related to the Tertiary faulting are very broad warping and 
tilting of segments of the upper crust. These are the 
structural features that will be described.in further de
tail in the following chapters.

Folds
Description of trends and types of folds

The most conspicuous regional structural features 
in the area mapped are the folds in the Cretaceous rocks. 
Approximate positions of the traces of axial planes of anti
clines and synclines, together with the names of the larger 
ones, are given in plate 3-B. The widespread Tertiary and 
Quaternary rock cover unfortunately prevents tracing out 
the full length of all the fold axes and makes the struc
tural picture much less complete than one would desire.
The geologic make-up of the folds may be obtained by compar
ing plate 3 with the geologic map in plate 1, and the nature 
of the individual folds may be seen in the sections in 
plate 2.

Fold axes southeast of the large Jojutla fault and 
in the southwestern part of the area mapped trend north
westerly, whereas those in the central and northeastern 
parts of the area trend more nearly northerly, and the very
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large Tecuman anticline even swings north-northeasterly "be
tween Teouman and Tepoztlan. The small anticline east of 
Lake Tequesquitengo trends northeasterly, and another small 
anticline located Just west of Acuitlapan, northeast of 
Taxco, also has a northeasterly trend.

Most of the folds are relatively short and plunge 
at both ends. The Tecuman anticline, with its probable ex
tension as the Tlaltizapan anticline south of the JoJutla 
fault, is the most continuous structure in the area, meas
uring 40 km. in exposed length and undoubtedly extending 
some kilometers under cover farther northward, and also be
yond the map farther southward. The Coxcatlan anticline 
in the southwestern part of the area is more than 22 km. 
long, as it extends southeast beyond the map. The Tuxpan 
anticline farther south is 17 km. long, as shown, and may 
continue at least as far as Taxco, in which event it would 
be at least 27 km. long; it continues beyond the map for 
some distance farther southward, across the Tuxpan fault. 
Some of the small folds are apparently no more than 2 or 
3 km. in length.

Fold axes are characteristically curved or sinuous 
along the strike, and the crests of the folds rise and fall 
irregularly. In the area northeast of Tilzapotla, south of 
the Jojutla fault, several small anticlines die out in syn
clines, and small synclines die out in anticlines; both 
anticlines and synclines branch in places. These relation
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ships may perhaps be ascribed equally well to an en echelon 
arrangement of the folds.

The great Irregularity of individual folds may be 
best Illustrated by describing individual structures, of 
which the Tecuman anticline is a good example (pi. 3-B; 
pi. 2, section A-A1 to G-Q1. and L-Ll ). Erosion has stripped 
away the entire top of this structure in its northern part. 
Flat overturned beds in the Cuautla formation along the ov
erturned western flank of the fold suggest that the eroded 
crest was nearly recumbent, whereas most of what remains 
in outcrop is the steeper root zone. Although the core of 
the fold in the root zone is hidden by overlying Tertiary 
rocks, the deep breaching of this anticline and the deep 
level in the Morelos formation Indicated by outcrops on 
either side of the Yautepec River valley, suggest that it 
may consist of the easily eroded anhydrite at the base of 
the Morelos formation and the underlying thin-bedded Xochi- 
calco formation. The character of this structure changes 
southward as the fold plunges in that direction and becomes 
a relatively broad, normal anticline in the vicinity of 
Haitizapan (pi. 2, section F-F*). The uplifted part of 
the structure south of the JoJutla fault, shown as the 
Haitizapan anticline in sections G-G* and L-L1 of plate 2, 
is again a larger and tighter fold with some overturning 
of both limbs. Parts of this fold have incipient fan struc
ture (section D-D* and L-L* of pi. 2), which is clearly



demonstrable by tracing dips in the field. Overturning 
thus occurs both to the east and west and changes from one 
direction to the other along the strike of the fold.

The San Gaspar syncline, with its extension as the 
Santa Marfa syncline south of the Jojutla fault, parallels 
the Tecuman anticline on the west. It, also, well exem
plifies the irregularity of the structures in the region.
Its northern part is relatively broad and overturned to the 
west (pi. 2, sections A-A* to D-D'), but farther south it 
seems to become a fairly shallow, broad, normal syncline 
(section F-F*). Fan structure is apparent in the northern 
part of this syncline. South of the Jojutla fault (see 
section I>-L4) the Santa Marfa extension of the San Gaspar 
syncline appears as a tight fan fold with flanks overturned 
in opposite directions. The outcrops in this latter area 
are continuous and goal, so that the interpretation is firm
ly supported by field evidence. Other examples of overturn
ing to both east and west, as well as fan folds, are il
lustrated in the geologic sections in plate 2.

Minor features of the folds have not been shown in 
the sections in plate 2. These minor structural details, 
together with discontinuous and sporadic outcrops, require 
firm stratigraphic support and areal mapping to permit one 
to determine the broad overall structural make-up of a giv
en area. Flexures in the thick-bedded Morelos and Cuautla
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formations are generally tightly rounded and numerous, but 
where thinner-bedded rocks above and below these two forma
tions are folded, the flexures are angular or of the chev
ron type, with much repeated, nearly isoclinal folding. Ev
en parts of the Morelos and Cuautla formations have small 
chevron and knee folds here and there. The internal fold
ing in the Xochicalco and Mexcala formations is particular
ly intricate and could not be mapped in detail. It is 
therefore shown in the sections in plate 2 in a diagramma
tic rather than real way. In the more tightly folded syn- 
clines, small-scale thrusting on the order of centimeters 
to several meters is widespread in the Mexcala formation. 
Both Intense plication and abundant small-scale thrusting 
are characteristic of the Mexcala formation where it over- 
lies the schist at and near Taxeo, and considerable sliding 
of this unit occurred along the contact. Such movement may 
be considered as dlcollement on a minor scale. The major 
structure over the schist, however, is anticlinal, and the 
schist itself is thus presumed to have been further bowed 
up during folding of the Cretaceous rocks.

Origin and age of folds

The predominant trend of folds in the region is 
close to north-northwest.' The one great exception to this 
general rule is the large Tecuman anticline, which swings 
around to the north-northeast in the northern half of its
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outcrop. One is tempted to assume that this anticline con
tinues in the same direction under the Tepoztlan formation 
to the north border of the geologic map, where it may unite 
with the smaller, nearly north-trending Ayala and San Car
los anticlines, which may also continue from the south to 
this point, under cover of the Tepoztlan formation. These 
structures may die out there, to be succeeded by others 
trending north to north-northwest, in view of the fact that 
the first folds in identical rocks that appear from under 
the Tertiary cover to the north, near the Mexico-Hidalgo 
State boundary line Just 100 km. due north of Cerro Otlayu- 
ca (quad. B-8 ), also trend north-northwest (Segerstrom, in 
press, geologic map).

The folds may thus be thought of as originating 
from deep subcrustal compression expressed surflclally in 
opposing forces acting in the directions east-northeast and 
west-southwest. Under such conditions and in accordance 
with a hypothetical strain ellipsoid, shear fractures or 
tear faults would be oriented about north-northeast and 
west-northwest, and tension fractures would be oriented 
nearly east-northeast. Considering that the crystalline 
basement has marked relief under the rock cover of Mesozoic 
age, and considering that the Cretaceous units, and espe
cially the Cuautla formation, are somewhat lenticular and 
variable in thickness from place to place, uniform folding 
in response to deep subcrustal compression is not to be
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expected In the surficlal rocks. The irregularities in 
axial trends of folds are thought to be due chiefly to these 
highly variable factors.

The Taxco paleo-penlnsula undoubtedly acted as a 
buttress against, around, and over which the rocks of Mes
ozoic age were shoved. Folding in the limesone over and 
around the peninsula was much less intense than elsewhere 
in the region, and anomalous cross structures appear to the 
northeast and southwest of Taxco. One is tempted to attri
bute the change in direction of the Tecuman anticline and 
adjacent San Gaspar syncline and Xiutepec anticline to the 
presence of another high crystalline mass in the vicinity 
of Cuernavaca or not far northwest of there. Such a mass 
could have served as a buttress causing the structures to 
deviate from the general trend. The presence of a Creta
ceous positive area in that vicinity is further suggested 
by the very pronounced thinning of the Cuautla formation 
westward, from 750 m. near Cerro de las Tetillas (quad.
D-7) to about 300 m. in the hill south of Xluetepee (quad. 
D-6 ). The Coxcatlan and Buenavista intrusive bodies, as 
well as the Colotepec stock, assuming that they were em
placed in late Cenomanian or early Turonian time, acted 
as hard knots reducing the intensity of folding and caus
ing slight deviations in trends of nearby folds.

Two other factors are of significance in furthering 
irregular folding in the region. One of these is the rela-
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tlvely thin cover over the Cuautla formation at the time 
of folding. The Mexcala formation was at the surface when 
folding began, and as folds developed it was stripped away 
rapidly from the highs by erosion. The lack of confining 
pressure from a thick sedimentary cover permitted local 
variations in lithology to produce aberrant minor struc
tures in the near-surface rocks. The second factor is the 
presence of anhydrite in the lower part of the Morelos for
mation. The subsurface distribution of the anhydrite is 
not known, since deep wells and drill holes have not been 
made in the region. Anhydrite is known to crop out near 
Tilzapotla (quad. 1-5)» however, and is known to form a 
thick layer at Huitzuco only 20 km. south of there. It 
is thought to continue northward to Lake Toquesquitengo, 
thence north-northeastward to Tepoztlan, and probably near
ly eastward from there. The affect of the anhydrite upon 
folds in the overlying rocks must have been great, for it 
would have acted as a slippage layer promoting decollement 
and would have squeezed up into the root zones of the folds. 
The anomalous, overturned Tecuman anticline is thought to 
owe its character in part to the presence of anhydrite un
der the Morelos limestone, and the small anomalous anti
cline east of Lake Tequesquitengo may also have been formed 
partly in response to the anhydrite. Possibly the fan fold
ing may have been intensified partly by the mobility of the 
anhydrite in the root zones of the folds.



The age of the folds in the area mapped can not be 
determined within close limits from local field evidence 
alone. It is obviously younger than the Mexcala forma
tion, which appears to be no younger than Santonian or Cam
panian, and it is older than the Balsas clastic group, the 
basal part of which is thought to be of late Eocene age.
The folds were deeply eroded and the Tecuman anticline had 
been breached almost to the present extent before the Bal
sas group began to deposit and fill it up, as evinced by 
the presence of Balsas group beds east and northeast of Te
cuman (quad. E-7). The folds in Morelos are a part of the 
great belt of folded Jurassic and Cretaceous rocks that 
form the Sierra Madre Oriental of Mexico, which extends 
from the Mexico-Texas border to Guatemala, and they are 
thought to have formed in response to the same forces in 
the same general interval of time.

In the coastal region of the Gulf of Mexico north
east of Morelos, where lower Tertiary marine rocks overlie 
Upper Cretaceous formations, Bose and Gavins (1927, p. 142) 
cite evidence for folding in the Sierra Madre Oriental in 
early and middle Eocene time. Further work confirmed this 
conclusion and is cited by Muir (1936, p. 140) in support 
of a middle Eocene age for the major period of folding, 
adding that upper Eocene beds cover middle Eocene beds with 
angular unconformity. Helm (1940, p. 347) states that the 
main folding of the front ranges of the Sierra Madre Oriental
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in eastern San Luis Potosf (pi. 3-A) is post-Chicontepec or 
post-Paleocene. Whether folding commenced much earlier 
farther southwest is open to question, although the area at 
least rose above sea level before the end of Cretaceous time. 
The writer nevertheless also favors an . early to middle Eo
cene age for the time of major folding in the area mapped.

Faults

Faulting was undoubtedly repeated at intervals dur
ing Cenozolc time, but the ages of only a few faults have 
been bracketed at all closely. All the faults seen are ap
parently of normal type, except for very small unmapped lo
cal thrusts of less than 1 or 2 m. of displacement in the 
Mexcala formation. The oldest recognizable faults, exclud
ing any that may be present in the Taxco schist series and 
that were not studied, cut through the Cretaceous rocks but 
do not dislocate the Tertiary units. Spatial relationships 
to the Balsas group and Cretaceous rocks, as well as the de
creasing dip upward in the Balsas group, suggest that these 
old faults were still active while the older part of the 
Balsas group was being deposited. Other faults cut the 
Balsas group and Tertiary volcanic series, and still others 
cut the Cuernavaca formation and younger unconsolidated 
Quaternary deposits.
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Faults of -pre-Balsaa or early Balsas and 
post-Cretaceous ase

One of the old faults, here named the Tuxpan fault, 
is in the southwestern part of the area mapped (pi, 3-B).
It trends northwesterly for about 15 km., where it breaks 
up into at least three branches, which eventually become 
lost in the Mexcala formation. Several other faults just 
north of laxco Viejo, in the same area, may belong to this 
fault system, and perhaps some small faults in the Taxco 
district itself may be part of the same system. The faults 
that bound the Taxco schist on the north, however, are not 
part of the Tuxpan system and will be discussed in a later 
paragraph. Displacement along the Tuxpan fault may be on 
the order of 400 to 600 m. at the southeast end, where the 
Mexcala and Xochlcalco formations are brought into contact, 
but it is less farther to the northwest and probably dies 
out gradually. The southern and western sides of the various 
faults that make up the system are downthrown.

Another old fault that cuts the Cretaceous rocks and 
is buried by beds of the Balsas group lies north and east 
of Acuitlapan (quad. G-2) and is here named the Acuitlapan 
fault. It is complex and branching, and parts of it become 
lost eastward in the Mexcala formation. Considering that 
the Mexcala formation is brought into contact with the Acuit
lapan formation along the central part of the fault, the
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displacement may possibly exceed 1500 m. Because of In
tricate folding and the lack of marker beds in the Mexcala 
formation, the easterly branches of the fault can not be 
traced with certainty. The branch that heads due east seems 
to continue at least to the vicinity of Teacalco and appears 
to cut off the ridge of Morelos limestone, on the north, 
from the Mexcala formation on the south, but the fault line 
itself is covered by Tertiary formations. If the south- 
east- trending branch should continue beyond the point where 
it is shown to terminate on the map, it would represent a 
hinge fault with reversal of displacement, the north side 
being downthrown at the southeast end of the fault. Evi
dence for showing the fault farther southeast was lacking 
in the field, for dislocation can not be traced through the 
Mexcala formation, and if the fault continued farther, it 
would lie buried under the Balsas group.

By far the longest old fault recognized in the re-. 
gion is what is here named the JoJutla fault, which cuts 
across the south-central part of the area in a northeaster
ly direction. The fault line is buried under Tertiary for
mations along its entire mapped length of 35 km., and dis
placement of rock units was not seen at any point along it. 
Evidence for its existence consists of structural discord
ance as evinced by abrupt termination of high anticlinal 
ridges on the southeast side of the fault and lack of con
tinuity of the same structures on the northeast side, which
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Is downthrown probably 600 to 800 m. The fault zone is a 
line of weakness which was followed by the Yautepee River 
from Tlaltizapan to its junction with the Amacuzac River.
The ends of the Jojutla fault were not mapped because of 
lack of photographic coverage, but the suggestion is that 
the northeast end may Intersect the CanSn de Lobos fault, 
described in the next paragraph.

A fourth large old fault, here named the Canon de 
Lobos fault, trends northwesterly for at least 12 km. across 
the Tecuman anticline, partly cutting Cretaceous rocks and 
partly burled under Tertiary rocks. Its northwest end bran
ches into several diverging faults, which disappear under 
younger rocks, and its southeast end (not mapped) may inter
sect the Jojutla fault southeast of Nopalera (quad. E-8 ).
The fault can be identified in outcrop at many places in 
the Cretaceous formations, and at one place just east of 
Km. 18 of the Cuernavaca-Cuautla highway (quad. D-7), it 
brings the lower part of the Morelos formation into contact 
with the basal part of the Mexcala formation, thus cutting 
out 750 m. of beds of the Cuautla formation. The entire 
section at that place is overturned, so that the southwest 
side of the fault is downthrown. The maximum displacement 
on the fault may thus approach 1500 m. The downthrown 
block on the southwest side of the Canon de Lobos fault and 
on the northwest side of the Jojutla fault thus represents 
a great downfaulted wedge.
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In the overturned western flank of the Tecuman an
ticline are numerous small faults with tens of meters of 
displacement or less, which can be recognized because they 
offset contacts between the Morelos, Cuautla, and Mexcala 
formations. They become lost in the Morelos and Mexcala 
formations at short distances from the contacts with the 
Cuautla formation because marker beds are not present to 
aid in recognizing any offset. All these small faults are 
thought to be contemporaneous with the Canon de Lobos and 
other old pre-Balsas faults. Several small faults in the 
Ayala and San Carlos anticlines and the intervening Itza- 
matitlan syncline are also thought to be of equivalent 
age. Half a dozen small faults in Cerros Xiutepec and 
San Pedro to the south may also be old ones.

Faults of post-Balsas and pre-Plelstocene age

Most of the rest of the faults shown on the maps in 
plates 1 and 3-B are of middle to late Tertiary age, for 
they cut the Balsas group or one or more of the Tertiary 
rock units. The most notable fault system of this younger 
age is the one northwest of Taxco, which partly limits the 
Taxco schist and brings it into contact with rocks of the 
Balsas group and Tilzapotla rhyolite series. Erosion had 
stripped away the Mexcala formation before the Balsas group 
was deposited, so that the throw on the faults is not as 
great as one might suspect from stratigraphic offset and



probably does not exceed 500 m. The main fault has several 
branches that distribute displacement near its western end, 
where it becomes lost in the Tilzapotla rhyolite series, and 
the east end becomes lost in the Morelos formation. The 
north side of the main Taxco fault and all its branches is 
the downthrow! side.

Another Important fault that cuts the Tilzapotla 
rhyolite series brings this unit into contact with the Mo
relos formation along the east side of Cerro Jojutla (quad. 
H-7). The fault trends north-northeast for about 10 km.
Its north end is buried under Quaternary alluvium, and its 
south end extends beyond the edge of the map for an unknown 
distance. A small east-west fault southeast of Cuautllta 
(quad. P-4) also cuts the Tilzapotla series and is therefore 
no older than Miocene. A fault with some tens of meters of 
displacement cuts the Balsas group about 3 km. northeast of 
Tecuman and is thus no older than middle Tertiary. The 
middle to late Tertiary faults were responsible, in large 
part, for the rather gentle tilting of the Tertiary volcanic 
units, such as expressed by the reversal of dip in the Te- 
poztlan formation, from south to north.

Faults of post-Pllocene ap;e and the Neo-volcanic Belt

A small fault some 1700 m. west of Km. 151 of the 
Amacuzac-Iguala highway cuts the Cuernavaca formation and Is 
therefore younger than the faults mentioned in preceding
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chapters. Displacements of 1 to 4 m. are common in the 
Cuernavaca formation, in some of the more recent clastic 
deposits, and in the Chlchinautzin basalt series, but no 
larger faults were recognized during the period of field 
work. Displacements of greater throw would be difficult 
to measure in the Cuernavaca formation, unless a contact 
with some other rock unit were present.

A singular feature in the area is the cluster of 
tangential faults surrounding Lake Tequesquitengo. The 
faults are difficult to recognize on the ground, but they 
show up especially well in vertical air photographs. Once 
they are spotted from the air, they can be picked up easily 
on the ground, and displacement along them is obvious in 
road cuts around the lake. These faults are clearly young
er than the Cuernavaca formation, which once formed a flat 
plain over the area, and they are doubtlessly due to devel
opment of the polje occupied by the lake, as the underlying 
Cretaceous rocks were slowly dissolved away. The lake is 
36 m. in maximum depth and has a mean depth of about 19-20 
m., according to J. Alvarez, of the Comlsion para el Fomen- 
to de la Pisclcultura Rural (personal communication). The 
deepest part of the lake is just west of the center. The 
water is slightly brackish, and the water level is only a 
few meters above the level of the nearest point on the Ama- 
cuzac River to the southwest. The lake level varies only 
about 1 m. during the year.
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The most conspicuous features in the region that must 

he related to crustal breaks are the numerous cinder cones 
and lava vents, although actual fault lines related to 
these features are burled under extrusive igneous products. 
The cinder cones alone number 108 in the area covered by 
plate 3-B, and 52 other cones lie between the north edge 
of this plate and the latitude of Mexico City, making a to
tal of 160. No attempt was made to count the lava vents 
that had no explosive activity, but they may number several 
dozen or more. One can draw lines in many different direc
tions that connect two or more cinder cones and lava vents, 
but the validity of most of them as indicating crustal 
breaks is open to question. In the attempt to find some 
pattern in the seemingly heterogeneous distribution of cin
der cones, the writer offers the following interpretation, 
which is, of course, not the only interpretation possible 
from the scant data at hand.

A line can be drawn from Cerro de las Tetillas (quad. 
D-7) through Cerro de la Corona and thence to the cluster 
of three cones west of Xiutepec (quad. D-6). A dozen or 
more clusters of two to four or five cones appears in the 
northern part of plate 3-B, which can be connected by lines 
nearly parallel to the Cerro de las Tetillas line, which 
strikes about N. 85° E. This leads one to suspect that such 
a direction actually defines short, en echelon surficial 
faults over deeper crustal breaks. Another well defined
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line of cones extends from the cluster near Cerro Tezonte- 
pec Grande (quad. F-6) toward the cluster at Tezoyuca 
(quad. E-6 ) and thence to the group, already mentioned, 
west of Xlutepec, continuing on to the horseshoe cone north
east of Cuernavaca (pi. 3-B) and on to the north edge of 
the map. A dozen or more parallel to subparallel lines 
can be drawn through other groups of cones shown on the 
map, more or less :.ln the direction N. 5° E. This direc
tion may be suspected of defining another group of short, 
en echelon surficial faults over deep crustal breaks. A 
third grouping of cones seems to occur in a northeasterly 
direction, and more than a dozen subparallel lines can be 
drawn to connect them.

ing paragraph— N. 5° E., N. 45° E., and N. 85° E.— may be 
interpreted to represent two lines of shear and an inter
mediate line of tension in a hypothetical couple of shear 
forces acting in an east-west direction. If this should 
actually be the case, then the Neo-volcanic Belt would re
present a deep crustal transcurrent fault trending nearly 
east-west, with the north side moving westward and the south 
side moving eastward. The relationships are illustrated 
in the diagram of a hypothetical strain ellipsoid below, 
oriented as stated above. ^ -̂----

The three mean directions mentioned in the preced-

shear 
v tension 
lX  shear



In a study of crustal deformation in the northeast
ern Pacific basin, Menard (1955) defined several frapture 
zones that roughly traverse great circle routes across the 
ocean and into the continent. One of these, named the Cla
rion fracture zone for one of the volcanic islands in the 
Revillagigedo group off the west coast of Mexico, he traces 
to the Mexican mainland and equates with the Neo-volcanic 
Belt (op. cit., p. 1167-1170). He further states that the 
fracture zone may be followed for about 5000 km. and ap
pears to be from 100 to: 160 km. wide. "Whatever transcur
rent movement occurs along it is considered to be left lat
eral (p. 1170), which is the same as that shown in the dia
gram above. Menard prefers a deep convection current ori
gin for the fracture zones and thinks of the zones as welts 
that rise somewhat above the adjacent ocean floor (p. 1182).

GEOLOGIC HISTORY

The first event recorded in the region mapped con
sists of deposition of the rhyolitic tuffs and interbedded 
clastic deposits that make up the Taxco schist series.
These rocks accumulated at some unknown date, probably late 
in Paleozoic time, and were subsequently folded strongly 
into apparently isoclinal and overturned folds with north
easterly trend. Low-grade dynamic metamorphism to serlcite 
and chlorite schist and development of strong foliation 
seem to have accompanied folding. Faults ruptured the schist.
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quartz veinlets were formed, and andesitic dikes were em
placed. A long period of erosion then followed these events.

Over the eroded schist were deposited andesitic rocks 
of the Taxco Viejo green volcanic series, probably in Late 
Triassic time. The region may have been below sea level 
idiile at least a part of these green andesitic rocks were 
accumulating, Judging from the calcareous matrix of some 
tuff interbeds. The greenstone appears to have been folded 
and weakly metamorphosed, with development of slight folia
tion, before the argillaceous and calcareous beds of the 
overlying Acahulzotla formation were deposited on them, 
probably in Late Jurassic time. The latter formation rests 
partly on the Taxco Viejo greenstone and partly on the Tax
co schist; other units that intervene farther east are not 
present in the area mapped.

At least some minor folding or warping must have 
occurred after deposition.of the Acahulzotla formation, for 
it remains in places protected from erosion only here and 
there under the next overlying formation, which consists of 
shale and siltstone of the Acuitlapan formation, of probable 
Neocomian (Early Cretaceous) age. These two rock units show 
the effect of weak dynamic metamorphism to slate and phyl- 
11te, possibly in response to post-Cretaceous deformation 
under a thick sedimentary cover. Phyllltic shale of the 
Acuitlapan formation passes upward into the Xochlcaleo 
limestone, of Aptlan-Barremian age, without apparent uncon-



formlty in a part of the area. In fact, some'interbedding 
of limestone and shale occur near the contact of these two 
formations in the exposure along the southwest flank of 
Cerro Acuitlapan (quad. (2-2).

A hiatus of unknown but considerable length separ
ates the Xochicalco limestone from the overlying Morelos 
formation, of middle Albian to early Cenomanian age. The 
basal beds of the latter formation consist of anhydrite in 
the eastern part of the area, and of limestone and/or dolo
mite in the rest of the area. Relief on the pre-Morelos 
surface was considerable and the formation did not complete
ly cover the Taxco paleo-peninsula, which seems to have 
risen further between Xochicalco and Morelos time. Subsi
dence must have been irregular, permitting accumulation of 
as much as 900 m. of limestone and dolomite in central Mo
relos. Most of the formation represents a relatively shal
low water facies, Judging from the rudistid, gastropod, pel- 
ecypod, and foraminiferal content, and probably most of the 
formation in the area mapped was deposited in calcareous 
banks that lay east of a landmass some kilometers west of 
the edge of the geologic map in plate 1. Widespread dolo- 
mltization in this formation is thought to have been a dia- 
genetlc process and not due to precipitation of dolomite 
per se.

Near the middle of Cenomanian time the region rose 
from the sea and several granitic stool# (Buenavista, Cox-
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catlan, and Colotepee) seem to have been emplaced, accom
panied by warping or doming and differential erosion of the 
top of the Morelos formation. A hiatus of some unknown 
length of time, but probably at least until early Turonian 
time, separates the eroded Morelos formation from the over- 
lying basal calcarenite and limestone beds of the Cuautla 
formation. The latter formation seems to have begun to de
posit early in Turonian time and to have continued to de
posit until the end of that age. A long calcareous bank 
formed offshore east of a landmass which, at that time, 
lay near the west edge of the geologic map. The western 
margin of the bank extends from the vicinity of Cuernavaca 
almost due north to the Mexico-Hidalgo State boundary line, 
100 km. north of the edge of the geologic map in plate 1, 
and from Cuernavaca southward to Lake Tequesquitengo and on 
to the vicinity of Huitzuco, some 20 km. beyond Tilzapotla 
at the south edge of the geologic map. The eastern margin 
of this bank lies beyond the limit of the map east of Tla- 
yecac (quad. E-10). West of the bank the Cuautla formation 
is thin and consists of thin-bedded clastic calcarenite with 
an argillaceous admixture.

In latest Turonian time a change in sedimentation 
occurred that interrupted accumulation of limestone and ini
tiated deposition of mud, silt, sand, and fine-grained con
glomerate, which form the Mexcala formation. Probable 
folding, uplift, and volcanlsm at considerable distance west



and south of Morelos, beginning in late Cenomanian time and 
continuing through Turonian time, became manifest through 
influx of this clastic material on top of the Cuautla lime
stone, to a total thickness of more than 1200 m. Most of 
the Mexcala formation is clearly of marine origin, although 
the continental origin of some of the uppermost beds is not 
yet excluded by field evidence. The date when Mexcala de
position ceased in response to uplift of the region is not 
known, but it may have been no younger than Santonian or 
early Campanian time.

From some time late in the Late Cretaceous epoch the 
region was exposed.to subaerial erosion and was not again 
submerged. Intense deformation of Cretaceous and earlier 
rocks occurred probably in early to middle Eocene time, as 
a southern counterpart of the Laramlde deformation farther 
north. Erosion was greatly intensified over the anticlines 
and drainage was exoreic until at least late in Eocene time, 
when broad warping and block faulting produced endoreic 
drainage and consequent accumulation of enormous quantities 
of clastic deposits ranging from coarse conglomerate to 
fine mud and even local limestone and gypsum interbeds, 
which are represented by the Balsas clastic group. Basic 
volcanlsm occurred simultaneously with block faulting and 
deposition of clastic material, adding lava flows, volcanic 
breccia, and tuffaceous materials to debris eroded from 
Cretaceous and older rocks. Fault displacements of over
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2000 m. seem to have occurred in different places. Active 
faulting gradually died out in early Oligocene time and 
brought deposition of the Balsas group to a halt. Such 
strong fault deformation seems not to have been repeated 
in Morelos since that time, for the youngest beds of the 
Balsas group (those overlain by the next younger, Tilzapot- 
la rhyolite series) are only slightly tilted and none of the 
higher Tertiary units have steep dips.

As deposition of the Balsas clastic group waned, 
rhyolitic volcanism broke out in late Oligocene time in the 
south-central and western parts of the region, producing 
the Tllzapotla series of rhyolite, including tuff, breccia, 
and lava flows. Rhyolitic volcanism was followed by ex
trusion of andesitic tuff, breccia, and lava flows in the 
same region, to form the Buenavista and Undifferentiated 
volcanic series in Miocene time. Eruptions did not consist 
of andesite alone, but Included basalt, dacite, and even 
rhyolite in the upper part of the sequence. Along the nor
thern border of the area and on into what is now the Mexi
co Basin, extrusion of andesitic rocks occurred simultane
ously with extrusion of the Buenavista series in probably 
latest Oligocene and most of Miocene time, causing accumu
lation of the Tepoztlan formation along the southern fringe 
of the eruptive centers. Andesitic and dacitic volcanism 
continued through Miocene time and possibly into early Plio
cene time, the Zempoala andesite series being somewhat young
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er than the Tepoztlan formation.

Faulting was renewed after accumulation of the Mio
cene intermediate volcanic rocks and before the continen
tal clastic deposits of the Cuernavaca formation were laid 
down in late Pliocene to earliest Pleistocene time. It 
may, in fact, have been a major cause for accumulation of 
the latter formation, although large volumes of andesitic 
material erupted from Nevado de Toluca and Popocatepetl 
volcanic centers, probably in late Pliocene time, contrib
uted much of the present content of this formation. Vol- 
canism may thus have been a contributing cause, and change 
to a drier climate may have been yet another important 
cause. Much of the central part of the area was inundated 
by clastic deposits of the Cuernavaca formation, which 
burled much of the older topography. Broad, gently slop
ing plains were formed, out of which hills of older rocks 
rose like islands in a sea, and pedimentatlon further in
creased the flat areas here and there. Drainage from both 
the present Mexico Basin and the upper headwater part of 
the Lerma River is thought to have emptied southward into 
the Amacuzac River while the Cuernavaca formation was ac
cumulating.

The exact cause for the halt in deposition of the 
Cuernavaca formation is not known, but three factors are 
believed to have intervened. Active andesitic volcanism 
in the Nevado de Toluca and Popocatepetl eruptive centers



may have diminished greatly, while rainfall increased with 
the advent of the Pleistocene ice age, and basaltic volcano 
ism closed off drainage from the present Mexico Basin and 
upper Lerma valley. In any event, deposition of the forma
tion ceased and erosion commenced in early Pleistocene time. 
Extrusion of lavas of the Chichinautzin basalt series must 
have been initiated by.development in latest Pliocene time, 
and particularly through Pleistocene time, of the deep 
transcurrent crustal faults that define the Neo-volcanic 
Belt, which crosses Mexico in a direction close to N. 80° W. 
Surflclal rocks over the deep east-west faults were broken 
into blocks by shear and tension in three major directions, 
which are roughly north, northeast, and east, thus permit
ting subcrustal basaltic magma to issue from many points in 
a belt as wide as 200 km. in a north-south direction, but 
confined mainly to about 60 km. in width in the region here 
discussed. Apart from basaltic vole amism and its contribu
tion of lava and ash to the region, erosion was the main 
process acting through Pleistocene time south of the Neo- 
volcanlc Belt. Loess from glacial outwash in the Mexico 
Basin, andesite pumice from Nevado de Toluca and Popocate
petl Volcanoes, and basaltic ash from the nearby small vol
canoes accumulated in protected places while soil was form
ing in latest Pleistocene and Recent time.

Late Pleistocene dissolution of the Cretaceous car
bonate rocks and anhydrite caused development of many sinks
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and poljes, most of which are dry but a few of which contain 
lakes, such as Rodeo, Coatetelco, Tequesquitengo, and Tux- 
pan. The poljes arrested transport of alluvium out of the 
region and, together with drainage blocking by basaltic la
va, account for most of the thick alluvial accumulations of 
late Pleistocene and Recent time. These two factors set 
the stage for growth of the large centers of population and 
agricultural production in this region. Intermittent vol- 
canlsm and sink formation are going on at present and are 
likely to continue into the unforeseeable future.

MINERAL RESOURCES

The principal metallic mineral resources of the re
gion described in this report consist of lead, zinc, sil
ver, and gold deposits in the Taxco mining district (Fowler 
and others, 1948, p. 7-12; Osborne, 1956, p. 82-88). The 
ore minerals are in veins filling fractures in the Taxco 
schist (El Pedregal mine), the Morelos limestone (La Con
cha- San Antonio mine), and the Mexcala clastic beds (Jesus 
mine). Weak mineralization reached the lower part of the 
overlying Tertiary Balsas group, indicating that it is of 
Oligocene or younger age. Both limestone and shale are re
placed by ore in places along the veins, and the schist is 
replaced to a minor degree. The metallized veins occupy 
fractures and faults with preferred northwest and north 
strikes, but some veins are oriented almost west.
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Vein filling is variable in mineralogic make-up and 
in the proportion of different minerals present. Quartz 
predominates in the gangue, although calcite becomes pre
dominant in veins that traverse limestone. Mixed with 
gangue minerals are principally pyrite, sphalerite, gale
na, and chalcopyrlte, with very small quantities of acan- 
thlte, pyrargyrlte, and other rarer silver minerals. Zinc 
predominates in some deposits, whereas lead is the chief 
metal in other veins, and silver or gold is the main metal 
in a few veins. Later-deposited minerals include specular 
hematite, fluorite, and barite in some veins. A replace
ment deposit in the area of the Babilonla,group of veins, 
southeast of Taxco, consists of hardened shale with magne
tite, hematite, ilvaite, and actlnolite, together with 
scarce pyrite, sphalerite, and galena (Fowler and others, 
1948, p. 10-11). The sulfides seem to be later than the 
other minerals.

Northeast of Taxco is a zone of fluorite minerali
zation. The largest deposit, known as La Azul, is located 
900 m. east of Km. 151 of the Taxco highway (Foshag and 
others, 1946; Osborne, 1956, p. 88-89; Fernandez, 1956).
The mineralized zone continues about 6 km. to the north- 
northeast, crossing the highway at Km. 149, and several 
mines have been opened along it. Fluorite fills fractures, 
in part, and also replaces the enclosing rocks, which are 
principally limestone and dolomite of the Morelos formation.
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Samples of fluorltlzed rock collected by the writer from 
different mines prove that conglomerate of the Balsas group 
and tuff of the overlying Tilzapotla series were also re
placed to a small degree. Mineralization was therefore 
more recent than accumulation of the Tilzapotla series, 
which Is thought to be of latest Ollgocene to earliest Mio
cene age, and It may thus be of Miocene or even Pliocene 
age. Post-mineral dissolution of the limestone permitted 
the overlying rocks to drop Into small sinks formed along 
the mineralized zone.

Small deposits of silver, zinc, copper, and gold 
occur about 2 km. southwest of Em. 135.6 of the Amacuzac- 
Iguala highway. They are In Cretaceous limestone of the 
Morelos formation near a contact with limestone conglomer
ate of the Balsas group, In a small erosion remnant of the 
latter unit. The area was not mapped In detail because of 
the lack of photographic coverage, but It Is described by 
Perez-Martinez (1955) who examined the ore deposits. Oth
er small gold, lead, and silver deposits occur along the 
contact between Morelos limestone and the Buenavlsta stock 
southwest of Buenavlsta de Cuellar, opposite Km. 145 of the 
Amacuzac-Iguala toll road. A small contact Iron deposit 
and beds of marble are present 2 to 3 km. southwest of the 
latter deposits, along the same contact.

Important antimony and mercury deposits are present 
around the borders of the area mapped. The northernmost



deposit of mercury is in Morelos limestone and possibly in 
part in XocMcalco limestone at a place called Santa Rosa, 
located only 10 km. west of Cerro Xochicalco (quad. E-5). 
Other mercury deposits occur in the vicinity of Huahuaxtla, 
a few kilometers west-southwest of the edge of the map south 
of Taxco (quad. 1-1). Ore in the latter locality is in 
faults that cut the Morelos, Cuautla, and Mexcala formations 
(Gallagher and Perez-Sillceo, 1948). Just south of the town 
of Huitzuco (fig. 1), only 12 to 15 km. east of the south- 
easternmost edge of the geologic map in plate 1, are depos
its of mercury and antimony in which the most important pri
mary ore mineral is livingston!te, a complex sulfide of the 
two metals. The ore is mainly in limestone, dolomite, and 
anhydrite of the Morelos formation. In earlier descrip
tions of these deposits (McAllister and Hernandez-Ortiz,
1945), both dolomite and anhydrite were attributed to hy
drothermal replacement of limestone, no regional stratigra
phic studies having been made beforehand to serve as a basis 
for geologic interpretation of the deposits, but they are 
clearly the same members that are present in many other 
parts of the region and described in other chapters of this 
report.

Important non-metail!c mineral deposits are also 
present in the area mapped. Apart -from the fluorite north 
of Taxco, limestone serves as raw material for the produc
tion of quick lime in large kilns along the highway south
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of Xiutepec (quad. D-6 ) and west of Xochitepee (quad. E-6), 
as well as In small local kilns scattered here and there 
over the region. The Cuautla formation Is by far the best 
rock for this purpose, as It lacks the dolomite so common 
In the Morelos formation, but even limestone conglomerate 
of the Balsas group and Cuernavaca.formation, as well as 
Recent caliche are used locally where the limestone forma
tions are absent. A Portland cement plant along the rail
road just north of Xiutepec (quad. D-6 ) obtains its lime
stone and shale raw material from quarries in the Cuautla 
and Mexcala formations in Cerro Xiutepec a few kilometers 
south of town. Iron ore for special cement and gypsum are 
also mined locally. Gypsum Is mined from the Balsas group 
on a small scale Just north of Oacalco (quad. C-8 ) and be
tween Cocoyoc and Oaxtepec (quad. D-9), and also from the 
Cuernavaca formation in the valley leading southeast from 
Haitizapan (quad. (3-7). Gypsum and anhydrite are mined 
on a somewhat larger scale from quarries In the anhydrite 
member of the Morelos formation exposed on the steep hill
side Just southeast of Tllzapotla (quad. 1-5).

Building stone is quarried in the Taxco region from 
the Tllzapotla series, particularly the thin-bedded green
ish and reddish tuffaceous sandstone between this series and 
the underlying Balsas group. The black dacltic pitchstone 
(welded tuff or ignimbrite) just above the sandstone and the
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overlying dense rhyolite welded tuff are also quarried.
Much ornamental rock comes from quarries in these beds along 
the Amacuzac-Taxco highway between Km. 146 and Km. 156. 
Slabby or flaggy limestone of the Xochlcalco formation is 
quarried in Oerro Acuitlapan (quad. 0-2). Many of the oth
er rock units, including basalt of the Chichinautzin series, 
are quarried locally for building stone and construction 
purposes. Reddish oxidized scoria (tezontle) from small 
cinder cones is mined on a moderately large scale at Tezo- 
yuca (quad. E-6 ), Tepetlixpa (quad. B-ll), Amecameca (quad. 
A-11), and the northeast edge of Cuernavaca (quad. C-6 ), 
for road and railroad ballast and surfacing and for other 
construction. Numerous large quarries have been opened in 
the Cuernavaca formation in and around the city of Cuerna
vaca, to extract sand and gravel for concrete and local
building. Some of these quarries are locally called "sand

- %

mines". Utilization of the non-metallic mineral resources 
of the region is increasing rapidly in volume and will con
tinue to expand as the region developes and grows.

*» ■» QO* «*
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APPENDIX
Provenance, petrographic description, and faunal content 

of rock samples cited in the text
The rock samples and specimens in the following list 

are arranged consecutively according to the year in which 
they were collected and the number in each year. The gener
al order of description of each sample consists of 1) sample 
or specimen number, 2) provenance, 3) formation or rock unit 
represented and age (if known), 4-) petrographic details (if 
studied), 5) faunal content (if present and determined), and 
7) collector (other than the writer). Localities mentioned 
may be found by referring to the geologic map in plate 1 or 
the index map in plate 3-A; the sheet number of plate 1 and 
the quadrangle in which the locality is present are in par
entheses as follows: (sheet 2, quad. H-3). The specialists
who studied or examined the rocks, minerals, and fossils not 
identified by the writer, or who helped to collect the sample, 
are mentioned in each sample description; in order not to re
peat the name of the organizational unit with which each one 
is associated, however, their names are listed alphabetical
ly below, followed by the corresponding organizational asso
ciation at the time the work was done.
Esther R. Applin, geologist, U. S. Geological Survey.
Otto Bohnenberger-Thomas, candidate for degree In geology, 
Universidad Naclonal Autonoma de Mexico.
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Federico Bonet, paleontologist and biologist, Petroleos 
Mexicanos.

C. Wythe Cooke, paleontologist, U. S. National Museum.
Gloria Alencaster de Cserna, paleontologist, Institute de 

Geologfa, Universidad Nacional Autonoma de Mexico.
Zoltan de Cserna, geologist. Institute de Geologfa, Uni
versidad Nacional Autonoma de Mexico.

Raymond C. Douglass, paleontologist, U. S. Geological Survey.
Stewart H. Folk, geologist, Degolyer and MacNaughton, con

sultants to Petroleos Mexicanos.
Ralph W. Imlay, stratigrapher and paleontologist, U. S. 

Geological Survey.
Howard W. Jaffe, geochemist, U. S. Geological Survey, and 

colleagues.
Alfred R. Loeblich, Jr., paleontologist, U. S. National 

Museum.
Jerjes Pantoja-Alor, candidate for degree in geology, Insti

tute Politecnico Nacional (Mexico).
H. Wesley Peirce, mineralogist, Arizona Bureau of Mines.
Richard Rezak, paleontologist and paleobotanist, U. S. Ge

ological Survey.
S. R. Romo-Jimenez, paleontologist, Petroleos Mexlcanos.
Clarence S. Ross, petrologist and mineralogist, U. S. Ge
ological Survey.

Eduardo Schmitter, petrologist and mineralogist, Instltuto 
de Geologfa, Universidad Nacional Autonoma de Mexico.

Norman L. Sohl, paleontologist, U. S. Geological Survey.
Lloyd W. Stephenson, paleontologist, U. S. Geological Sur
vey.

Ruth Todd, paleontologist, U. S. Geological Survey,
John W. Wells, professor and paleontologist, Cornell Uni
versity.
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Bernard W. Wilson, geologist, U. S. Geological Survey.

. ^
F-l-50. West base of Cerro de las Tetillas, 1000 m. east of 
Em. 17 of the Cuernavaca-Cuautla highway (sheet 1, quad.
D-7). Volcano referred to the Chichinautzin basalt ser
ies; of probable middle Pleistocene age. Porphyrltlc, ho
le crystalline, olivine basalt with pllotaxitic matrix (pi. 
22*rB). Olivine phenocrysta are up to 2 mm. across, have 
rims of serpentine. Feldspar microlites are less than 0.4 
mm. long and are about A n ^ . Matrix contains abundant aug- 
ite grains, which, with olivine, make up nearly half the 
rock.

F-3-50. Near El Progreso, at Km. 13.5 of the Cuernavaca- 
Cuautla highway (sheet 1, quad. D-7). Lava from Cerro de 
la Corona volcanic neck, part of the Chichinautzin basalt 
series; of probable middle Pleistocene age. Glomeropor- 
phyrltic, hypocrystalline, olivine basalt with hyalopili- 
tic matrix (pi. 22-F). Olivine crystals are up to 1.2 mm. 
across, in clusters, make up some 5 per cent of the rock. 
Plagioclase phenocrysts are calcic labradorite and form a- 
bout 15 per cent of the total; plagioclase microlites are 
bytownite to labradorite. Matrix contains abundant auglte 
grains and about 3 per cent glass.

F-Zj-50. Near El Progreso, at Km. 12.5 of the Cuernavaca- 
Cuautla highway (sheet 1, quad. D-7). lava from uneroded



flow, part of the Chichinautzin basalt series; of probable 
Recent age. G-lomeroporphyrltlc, holocrystalllne, olivine 
basalt with pllotaxltic to ophltlc matrix (pi. 22-E). Ol
ivine crystals are up to 2 mm. long and form some one- 
fourth of the rock. Feldspar microlites are less than 1 
mm. long, about An^; matrix contains auglte. Rock is 
fresh and unaltered.

F-5-50. Near Em. 19 of the Cuernavaca-Cuautla highway (sheet 
1, quad. D-7). Upper part of the Morelos formation; of 
probable early Cenomanian age. Dense, dark-gray to reddish 
foraminiferal calcilutite (pi. 12-C). Rock contains partly 
silicifled rudistid fragments and some individuals of Dlcy- 
clina schlumberger1 Munler-Chalmas, together with other 
miliollds.

F-7-50. Five thousand meters due south of Km. 15 of the Cuer
navaca- Cuautla highway (sheet 1, quad. D-7). Basic dike 
cutting the Morelos formation; of probable early Tertiary 
age. Porphyrltlc olivine-hypersthene basalt with pilotaxi- 
tic matrix (pi. 20-E). Phenocrysts are up to 1.2 mm. a- 
cross; olivine is almost completely altered to nontronite(?). 
Pyroxene phenocrysts are mainly hypersthene but also in
clude a little clinopyroxene. Feldspar microlites are up 
to 0.1 mm. long and are about An^. Matrix augite(?) is 
altered to nontronite(?).

F-10-50. Km. 22.8 of the Cuernavaca-Cuautla highway (sheet 
1, quad. D-7 ). Lava from a vent on the east side of Cerro
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de las Tetillas, part of the Chichinautzin basalt series; 
of probable middle Pleistocene age. Porphyrltlc, holocrys
talline , olivine-pyroxene basalt with granulitic matrix 
pi. 22-C). Olivine crystals are up to 1.3 mm. long, are 
rimmed with brown iddingsite(?). Pyroxene phenocrysts are 
more abundant, seem to consist of pigeonite(?). Feldspar 
microlltes are about An^0; matrix pyroxene is augite and 
forms some 30 per cent of the rock.

F-12-50. About 300 m. southwest of Gerro de la Corona vol
canic neck, south of Km. 15.5 of the Cuernavaca-Cuautla 
highway (sheet 1, quad. D-7). Middle part of the Cuautla 
formation; of late Turonian age. Medium-gray dense cal- 
carenlte with siliclfied Individuals of,a small species of 
Hlppurltes which may be new and is here referred to as 
species a. Examined by 0. A. de Csema.

F-13-50. About 300 m. southwest of Gerro de la Corona vol
canic neck, south of Km. 15.5 of the Cuernavaca-Cuautla 
highway (sheet 1, quad. D-7). Middle part of the Cuautla 
formation; of late Turonian age. Medium-gray dense lime
stone with individuals of Duranla cornu-pastorls and slli- 
cifled shells of Toucasla sp. and Radiolltes sp. Rock con
tains chert nodules. Examined by G-. A. de Cserna.

F-18-50. Ridge top 3900 m. due east of the center of Emi- 
liano Zapata (sheet 1 , quad. D-6 and D-7). Upper part of 
the Morelos formation; of late Alblan or early Cenomanian 
age. Light-yellowish-gray dense limestone with much nodu-
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lar chert; contains miliolids and many small silicified 
individuals of Toucasia patagiata(?) about 25 mm. in di
ameter.

F-20a-50. Cut along the highway 300 m. beyond the north 
edge of Emillano Zapata (sheet 1, quad. D-6). Lower part 
of the Mexcala formation; of early Coniacian age. Slight
ly reddish to medium-gray argillaceous calcilutite inter
bed containing grains of limestone, rare quartz, and pos
sibly dolomite, besides about 15 per cent of microfossils, 
which include G-lobotruncana sp., Gumbellna sp., Globlgerl- 
na(?), and Calcisphaerula(?).

F-21-50. Cut along the highway 350 m. beyond the north edge 
of Emillano Zapata (sheet 1, quad. D-7). Lower part of the 
Mexcala formation; of earlyConiacian age. Light-brown, 
highly calcareous subgraywacke interbed containing about 
15 per cent quartz, the rest consisting of clastic grains 
of limestone, dolomite, rare feldspar, rare mica, and sec
ondary chlorite (pi. 18-G). The dolomite was suggested by 
staining the rock, and the presence of appreciable magne
sium was proved by an arc spectrum test made by H. ¥. Peirce.

F-22-50. Hear the limestone-shale contact on the hillside 
3200 m. S. 67° E. of the center of Emillano Zapata (sheet 
1, quad. D-6 and E-7). Upper part of the Cuautla formation; 
of late Turonian age. Very dense, slightly reddish lime
stone with possibly a new species of Hlppurltes, here 
called species b; the larger valve has a top diameter of



254
about 25 mm. and a length of some 50 mm. The specimen 
comes from the highest bed with Hlppurltes in this sec
tion. Examined by G. A. de Cserna.

F-23-50. Ridge top 3600 m. S. 67° E. of the center of Emi- 
liano Zapata (sheet 1, quad. D-6 and E-7). Lower part of 
the Cuautla formation; of Turonian age. Light-gray to 
slightly reddish, very dense limestone with numerous bio- 
stromes containing Toucasia sp., Hlp-purltes sp., Nerlnea 
sp., Radielites perforata Palmer, and other species of 
Radlolltes. From within 20 m. of the base of the Cuautla 
formation. Examined by G. A. de Cserna.

F-25-50. Crest of the range 5200 m. S. 69° E. of the center 
of Emiliano Zapata (sheet 1, quad. D-6 and E-7). Well 
down in the Morelos formation; of probable late Albian age. 
Very light brownish gray, saccharoldal, highly dolomitized 
limestone. Dolomite crystals are about 0.2 mm. in diame
ter, but some calcite crystals in the matrix are up to 0.6 
mm. across. Completely recrystallized, with loss of orig
inal texture and no trace of fossils.

F-32-50. Km. 31 of the Alpuyeca-Yautepec highway, just north 
of Tlaltizapan (sheet 2, quad. F-7). Top of the Cuernava
ca formation, of probable early Pleistocene age. Fresh
water limestone or travertine composed of unidentifiable 
curved fragments of turbid-yellow, cryptocrystalline cal
cite, up to 6 mm. long; clear calcite matrix formed of 
crystals up to 0.25 mm. across (pi. 18-B). Lime probably



precipitated on organic matter which was subsequently des- 
. troyed by oxidation and bacterial action; matrix calcite 
crystallized later.

F-33-50. Quarry on the north side of the highway at Km.
17.2 of the Cuernavaca-Guautla highway (sheet 1, quad. D-7). 
Lower part of the Mexcala formation; of early Conlaclan 
age. Gray subgraywaeke interbedded with shale and silt- 
stone, with impression of an ammonoid determined by R. W. 
Imlay as Peroniceras sp.

F-34-50. About 500 m. north of Cerro de la Corona volcanic 
neck, south of Km. 15.5 of the Cuernavaca-Guautla highway 
(sheet 1, quad. D-7). Lower part of the Guautla formation; 
of Turonian age. Medium-gray dense limestone with abundant 
individuals of a small Radlolites and Toucasla sp., all 
nearly completely silicifled; abundant chert nodules. Dis
solution in hydrochloric acid released an individual of 
Toucasla with articulated valves. The second, right valve 
is a small, nearly flat, operculum-like cover, distinguish
ing this species from the well known T. texana and T. pata- 
glata of middle and probably late Albian age and possibly 
even early Cenomanian age. Examined by R. W. Imlay.

F-38-50. Hilltop 400 m. due west of Km. 19 of the Cuernava
ca- Guautla highway (sheet 1, quad. D-7 ). Upper part of the 
Morelos formation; of probable early Cenomanian age. Mot
tled, light- to dark-gray, irregularly dolomitized calcar- 
enite (pi. 11-C). Rock contains unidentifiable biogenic
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grains and fragments.

F-44-50. Ridge 600 m. N. 10° W. of Cerro de la Corona vol
canic nfeck, south of Km. 15.5 of the Cuernavaca-Cuautla 
highway (sheet 1, quad. D-7). Upper part of the Cuautla 
formation; of late Turonlan age. Medium-gray dense lime
stone with repeated blostromes of large individuals and 
colonies of Hlppurltes resectus var. mexlcanus Barcena, 
associated with Toucasla sp. and two or three species of 
Radlolltes (see pi. 17-B). Examined by G. A. de Cserna.

F-45-50. Hillside 700 m. N. 10° E. of Cerro de la Corona 
volcanic neck, south of Km. 16 of the Cuernavaca-Cuautla 
highway (sheet 1, quad. D-7). Middle part of the Cuautla 
formation; of Turonlan age. Medium-gray dense limestone 
blostrome containing large silicified individuals of a 
probable new species of Radlolltes, here named a, about 20 
mm. across the top of the larger valve and 40-4-5 mm. long. 
Examined by G. A. de Cserna.

F-53-50. West bank of the Chinameca River about 600 m. up
stream from the bridge on the Tlaquiltenango-Huautla road 
(sheet 2, quad. H-7). Lower part of the Mexcala formation 
of early Coniacian age. Gray to purplish siltstone and 
shale with interbeds of subgraywacke, containing an ammon- 
oid impression referred by R. W. Imlay to Peronlceras sp.

F-57-50. East bank of the Chinameca River at the south edge 
of the town of La Era (sheet 2, quad. H-7). Lower part of 
the Mexcala formation; of early Coniacian age. Slabby,



gray siltstone with individuals of Peroniceras cf. P. sub- 
tricar ina turn Sturm. Identified by R. ¥. Imlay.

F-59-50. East bank of the Chinameca River about 800 m. 
(airline) downstream from La Era (sheet 2, quad. H-7).
Lower part of the Mexcala formation; of early Coniaclan 
age. Greenish calcareous subgraywaeke and siltstone in- 
terbedded with dark-gray and purplish shale, containing 
individuals of Barrolsiceras cf. B . alstadenense Solger, 
Peroniceras cf. P. subtricarinaturn Drescher, Peroniceras 
cf. P. subtricarinaturn Sturm, and “Crloceras" sp. Identi
fied by R. ¥. Imlay.

F-60-50. East bank of the Chinameca River about 1200 m. 
(airline) downstream from La Era (sheet 2, quad. H-7).
Lower part of the Mexcala formation; of early Coniacian 
age. Greenish calcareous subgraywacke and siltstone, simi
lar to F-29-50, containing individuals of Barrolsiceras cf. 
B. haberfellnerl von Hauer, Peroniceras cf. P. oaornlgi 
Redtenbacher, and Otoscaphltes cf. 0. gelnltzl (Jahn). 
Identified by R. ¥. Imlay.

F-61-50. ¥est bank of the Chinameca River 2000 m. (airline) 
downstream from La Era (sheet 2, quad. H-7). Basal part 
of the Mexcala formation; of early Coniacian age. Brownish 
to grayish, slabby, calcareous siltstone and subgraywacke 
from the lowermost 10 m. of the Mexcala formation. Beds 
contain impressions of Barrolsiceras sp., Otoscaphltes cf. 
0. auritus (Schluter), and Dldymotis cf. D. trinidadensls
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Sommermeler. Identified by R. ¥. Imlay.

F-63-50. Southward meander of the Chinameca River 1000 m. 
west of Elotes (sheet 2, quad. H-7). Lower part of the 
Cuautla formation; of Turonlan age. Medium-gray calcaren- 
ite composed largely of biogenic fragments, with unsilici- 
fied shells of Toucasia sp. (pi. 14-D).

F-67-50. Southernmost loop of the Chinameca River 400 m. 
west of Elotes (sheet 2, quad. H-7). Basal thin limestone 
beds of the Mexcala formation; of early Coniacian age. 
Medium-gray, thin limestone beds at the base of the Mexca
la formation, within 10 m. of the contact with the under
lying Cuautla formation. Beds contain rare individuals of 
Barrolsiceras(?) sp. Examined by R. ¥. Imlay.

F-08-50. ¥est bank of the Chinameca River 600 m. upstream 
from Nexpa (sheet 2, quad. H-7). Lower part of the Mexcala 
formation; of early Coniacian age. Slabby, gray siltstone 
above the basal thin limestone beds of the Mexcala forma
tion. Beds contain Feronlceras sp. and Dldymotls of. D. 
trinldadensls Sommermeler. Identified by R. ¥. Imlay.

P-83-50. Near the base of the west flank of the limestone 
ridge 5400 m. due west of the center of Cuautla (sheet 1, 
quad. E-9 and E-8 ). Top part of the Cuautla formation; of 
late Turonlan age. Light creamy gray, dense limestone with 
slllclfled corals belonging to the genus Columastraea(?)
(pi.15-B), from about.20 m. below the top of the formation. 
Beds contain also silicified individuals of Toucasia sp.,
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Radlolltea sp., Actaeonella sp., Hlppurltes sp. a, and 
Nerlnea sp., as well as chert nodules. Colmnastraea was 
identified by J. W. Wells, and Hlppurltes was examined by 
G. A. de Cserna.

F-87-50. Km. 39 of the Cuernavaca-Cuautla highway (sheet 1, 
quad. D-9). Lava from the Chichinautain basalt series; 
of probable late Pleistocene age. Finely porphyrltlc ollv- 
ine-augite basalt with ophltic matrix. Phenocrysts are up 
to 0.5 mm. across. Matrix is holocrystalline and about 
half feldspar and half pyroxene. Feldspar microlites are 
near An^, and matrix pyroxene is augite.

F-90-50. Lower slope of low hill (Cerrito de Zumpango) a- 
long the old paved Acapulco highway about 300 m. southeast 
of Zumpango del Rfo, Guerrero, at the latitude of Km. 256 
of the new Mexico-Acapulco highway, beyond the south edge 
of the area of plate 1 (see pi. 3-A). Lower part of the 
Mexcala formation; of early Coniacian age. This locality 
is not in the area mapped but is included here because it 
contains several species of invertebrate fossils that are 
identical to those in Morelos, which were described in con
siderable detail by Burckhardt (1919, p. 93-130) and Bose 
(1923, p. 208-210). The writer re-collected from this lo
cality, from grayish-brown to greenish siltstone and shale 
beds along the road and found the following fauna, as iden
tified by R. W. Imlay: Peroniceras sp., Otoscaphites aff.
Scaphites geinitzi Jahn, Otoscaphites aff. Scaphites auri-
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tus (Schliiter), and Didymotls sp.

F-91-50 and F-92-50 (Petroleos Mexicanos samples PM.53071 
and PM.53072). East and west sides of the synclinal valley 
5600 m. and 6500 m., respectively, due west of the center 
of Cuautla (sheet 1, quad. E-9 and E-8). Lower part of 
the Mexcala formation; of early Coniacian age. Light- 
brown- weathering , gray shale Interbeds in a shale-silt- 
stone- sandstone sequence probably within 50 m. of the 
base of the Mexcala formation. The microfossils were 
washed out and identified by S. R. Romo-Jimenez, as fol
lows : Globotruncana area, Globotruncana conica var. pli
ca ta, Gumbellna elegans, Gumbellna globlfera, Globotrunca
na canal!culata, Gumbellna pupa, Globotruncana canalicula
te. var. ventrlcosa, Globigerina cretacea, Globotruncana 
conica. Planoglobulina acervullnoldes, and Bolivlna moni- 
lifera. Collected by S. H. Folk and the writer.

1952
F-19-52. Large quarry south of the highway and the San Luis 
Potosf-Tamplco railroad, about 10 km. east of Ciudad Va
lles, easternmost San Luis Potosf; located about 550 km. 
north of the area mapped but included here because it is a 
well known "reference" locality for this particular facies 
of limestone of Albian to early Cenomanian age known as the 
El Abra limestone (see pi. 3-A). Upper part of the El Abra 
limestone; of probably early Cenomanian age. Rock is a
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light-gray foramlniferal calcarenite with abundant indi
viduals of Nummolocullna heimi Bonet and some Dlcycllna 
schlumbergeri Munier-Chalmas (pi. 12-A); upper part of the 
Morelos formation is both lithologically and faunally sim
ilar to it.

1953
F-l-53. Large quarry along the road on the east side of 

Cerro Xiutepec, 2000 m. south of the center of Xiutepec 
village (sheet 1, quad. D-6 ). Basal part of the Mexcala 
formation; of early Coniacian age. Gray calcareous silt- 
stone less than 10 m. above the contact with the underly
ing Cuautla formation, interbedded with mudstone and a few 
thin beds of argillaceous calcilutite. One poorly pre= 
served pelecypod Impression was identified by R. ¥. Imlay 
as Inoceramus sp.

F-2-53 to F-15-53. Hillside 2000 m. S. 42° E. of Km. 13 of 
the Cuernavaca-Cuautla highway (sheet 1, quad. D-7 ). Bas
al part of the Mexcala formation; of early Coniacian age. 
Interbedded medium-gray calcareous siltstone and thin beds 
of argillaceous calcilutite within 30 m. of the base of the 
Mexcala formation. Numerous impressions were found of Bar- 
rolslceras sp. and Didymotls cf. D. trlnidadens1s Sommer- 
meier, as identified by R. W. Imlay. Collected by the wri
ter and B. ¥. Wilson.

F-17-53. Hillslope 400 m. due west of Km. 17 of the Cuema-



vaca-Cuautla highway (sheet 1, quad. D-7). Well up In the 
Mexcala formation; of Coniacian age. Light-gray sandstone 
or graywacke Interbed In a sequence of shale, siltstone, 
and sandstone beds from an unknown distance, but at least 
a few tens of meters, above the base of the Mexcala forma
tion. Abraded larger valve of an unidentified species of 
Duranla, at least 26 cm. long and 21 cm. across at the top 
of the valve; the shell wall Is up to 2 cm. thick.

F-18-53. Hillslope 450 m. due west of Km. 17 of the Cuema- 
vaca-Cuautla highway (sheet 1, quad. D-7). Well up in the 
Mexcala formation; of Coniacian age. Light-gray, buff
weathering, calcareous sandstone or graywacke interbed in 
a sequence of shale, siltstone, and sandstone beds from an 
unknown distance, but at least some tens of meters, above 
the base of the Mexcala formation. Abraded and poorly pre
served ammonoid, 12 cm. across, identified by R. W. Imlay 
as Peroniceras sp.(?), with colling similar to but more 
open than that of the genus Texanltes, which is common in 
the Taylor group (Campanian) of Texas.

F-22-53. Hillslope 400 m. due west of Km. 17 of the Cuerna
vaca- Cuaut la highway (sheet 1, quad. D-7). Well up in the 
Mexcala formation; of Coniacian age. Light-gray, buff- 
weathering, calcareous sandstone or graywacke interbed in 
a sequence of shale, siltstone, and sandstone beds from an 
unknown distance, but at least several tens of meters, 
above the base of the Mexcala formation. From same local-
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ity as F-17-53. Several impressions identified by R. ¥. 
Imlay as Pteraptychus(?) Trauth.

F-23-53. Upland surface 800 m. due west of Km. 17 of the 
Cuernavaca-Cuautla highway (sheet 1, quad. D-7). Middle 
part of the Cuautla formation; of late Turonian age.
Large, stubby individuals of a silicified Hlppurltes, here 
called new species b, in a medium-gray, dense calcarenite 
together with Toucasla sp. and Radlolltes sp. Examined 
by G. A. de Gserna.

F-25-53. Upland 500 m. due west of Km. 18 of the Cuernava
ca- Cuaut la highway (sheet 1, quad. D-7). Upper part of the 
Morelos formation, of probable early Cenomanian age. Med
ium-gray calcarenite replete with foraminifera, among which 
Nummolocullna helml Bonet and Dlcycllna schlumbergerl Mun- 
ier-Chalmas are abundant, together with fragments of Tou
casla patagiata(?), Praeradiolltes sp., Ostrea sp., and Hy- 
posalenla(?) sp. (pi. 12-D). Ostrea was identified by G.
A. de Gserna, and Hyposalenla by C. W. Cooke.

F-26-53 to F-28-53. Upland 300 m. due east of Cerro de la 
Corona volcanic neck, west of Km. 18 of the Cuemavaca- 
Cuautla highway (sheet 1, quad. D-7). Upper part of the 
Morelos formation; of probable early Cenomanian age. 
light-gray to light-cream, cryptocrystalline calcilutite 
with individuals of Toucasla pataglata(?), Praeradiolltes 
sp., gastropods, oysters, and abundant foraminifera, among 
which are Trllocullna sp., Quinquelocullna sp., Nummolocu-
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llna he1ml, Splrolucullna ap., Nonlon(?) sp., and Dlcy- 
cllna schlumherserl. These samples are lithologically 
and faunally nearly identical to the upper part of the El 
Abra formation (cf. pi. 12-A and specimen F-19-52). Fora- 
minifera were identified by F. Bonet.

1954
F-4-54. Upland spur 1150 m. due west of Km. 19.5 of the 

Cuernavaca-Cuautla highway, or 950 m. S. 11° E. of Cerro 
de la Corona volcanic neck (sheet 1, quad. D-7). Basal 
beds of the Cuautla formation; of Turohian age. Reddish 
coquina and calcarenite formed largely of small sillcifled 
gastropods, within 5 m. of the base of the Cuautla forma
tion. Specimens examined by N. L. Sohl were identified as 
two species of Nerinea, unlike any species described from 
Mexico or southern United States.

F-6-54. Upland 500 m. due east of Cerro de la Corona vol
canic neck, west of Km. 18 of the Cuernavaca-Cuautla high
way (sheet 1, quad. D-7). Upper part of the Morelos for
mation; of probable early Cenomanian age. Medium-gray 
limestone with irregularly silicified individuals of Tou- 
casla patagiata(?) and abundant miliolids (refer to F-26-53 
and pi. 11-A), from within 35 m. of the top of the Morelos 
formation.

F-7-54. Refer to F-6-54, F-26-53, and pi. 12-B,
F-12-54. Upland about 100 m. northeast of Cerro de la Corona
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volcanic neck, due south of Km. 16 of the Cuernavaca- 
Cuautla highway (sheet 1, quad. D-7). Middle part of the 
Cuautla formation; of late Turonian age. Medium-gray, 
dense calcilutite with silicified individuals of a small 
thin species of Hippurites (not determined specifically) 
and a silicified specimen of Tetragramma(?) sp. The ru- 
distid was examined by G. A. de Cserna, and the echinoid 
by C. W. Cooke.

F-15-54. Near the top of the spur 350 m. due south of Km.
20 of the Cuernavaca-Cuautla highway (sheet 1, quad. D-7). 
Top of the Morelos formation; of probable early Cenomanian 
age. Light-gray to cream-colored dense calcilutite with 
abundant miliolids and two silicified individuals of the 
pelecypod genus Spondylus, from a few meters below the top 
of the Morelos formation. According to L. W. Stephenson, 
the specimens are unlike any described forms from the 
southern United States and may represent a new species.

F-20-54. Base of the range 2000 m. S. 68° E. of the center 
of Emillano Zapata (sheet 1,.quad. D-7 and E-7). High in 
the Mexcala formation; of probable post-Coniaclan age. 
Medium-gray, buff-weathering, shale interbeds in a domin
antly calcareous sandstone sequence, from probably several 
hundred meters above the base of the Mexcala formation, 
the locality being well out in the syncline. The sample 
was washed and examined in the paleontology laboratory of 
Petroleos Mexlcanos, the following foraminiferal genera



being reported: Ammobaculites(?), Splroplectammlna* Mar
tino ttlella, Gumbellna, Lamarcklna, Valvullnerla, Anomali- 
na, and Clblcldes. A part of the washed sample was exam
ined and reported on by R. Todd, as follows: Planullna
correcta (Garsey)(?), Haplophrasmoldes(?) sp., Ammomargin- 
ulina(?) sp., and Gaudrylna(?) sp.

F-21-54. Upland 3800 m. S. 75° E. of the center of Emiliano 
Zapata (sheet 1, quad. D-6 and E-7). Diabase sill in the 
Morelos formation; of probable early Tertiary age. Finely 
porphyritlc rock with pilotaxitic to diabasic texture (pi. 
20-C). Olivine phenocrysts up to 1.5 mm. across are al
tered to nontronite(?) and calcite. Feldspar microlites
up to 0.3 mm. long are about An . Matrix pyroxene is hy-75
persthene and augite, much of which has been altered to 
nontronite(?). Iron ores form about 3 per cent of the rock.

F-22-54. Upland spur 4700 m. S. 79° E. of the center of Te- 
zojmca, on the west flank of Cerro Ectopan, east of Km. 88 
of the new Mexico-Acapulco highway (eastern one of two)
(sheet 1, quad. E-6 and E-7). Top of the lower one-third 
of the Cuautla formation; of Turonlan age. Medium-gray, 
dense calcilutite and calcarenite with abundant silicified 
individuals of Radiolites sp. and Actaeonella sp. Examined 
by G. A. de Cseraa.

F-23-54. Upland 5200 m. due east of the center of Tezoyuca, 
east of Km. 88 of the new Mexico-Acapulco highway (eastern 
one of two)(sheet 1, quad. E-6 and E-7). Near the base of
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the Cuautla formation; of Turonian age. Medium-gray, 
dense ealcilutite with silicified individuals of Toucasla 
sp., Radiolites perforata Palmer, and Radielites sp. Dis
solution of the specimen in hydrochloric acid liberated a 
Toucasla with the small, flat, operculum-like right valve 
still attached. Radiolites was examined by G-. A. de Cser- 
na. (Of. specimen F-34-50.)

F-28-54. South end of large quarry on the east side of Cerro 
Xiutepec, 2000 m. south of the center of Xiutepec village 
(sheet 1, quad. D-6). Basal part of the Mexcala forma
tion; of early Coniacian age. Medium-gray, argillaceous 
calcarenite from about 10 m. above the base of the Mexcala 
formation, contains abundant fish scales and specimens of 
Plthonella ovalis(?) and Calclsphaerula(?) sp. (pi. 15-A).

F-29t54. Near the base of the range 1300 m. due west of Km. 
43 of the Alpuyeca-Yautepec highway (sheet 1, quad. E-7). 
Well down in the Morelos formation; of probable middle Al- 
bian age. Medium-gray, saccharoldal, recrystallized and 
dolomitized limestone, with calcite crystals up to 2 mm. 
across. Some calcite has a poikilitic texture. No trace 
of fauna remains. Rock contains a few small grains of 
chert.

F-31-54 and F-33-54. Hillside 850 m. due east of Km. 51, and 
950 m. S. 72° E. of Km. 50, respectively, of the Alpuyeca- 
Yautepec highway (sheet 1, quad. D-8). Basal beds of the 
Cuautla formation; of Turonian age. Fine-grained conglom-
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erate and coarse-grained calcarenlte beds making up the 
lowermost 5 to 10 m. of the Cuautla formation, composed 
dominantly of subangular to well rounded limestone grains 
ranging from light cream to black, with a minor content 
of clastic dolomite and chert grains (pi. 13-C and -D).
The overall color of the beds is yellowish. Some grains 
are abraded miliolids eroded from the Morelos formation, 
and some larger grains enclose miliolids. Among identifi
able foraminifera are Qulnqueloculina sp., Nummolocullna 
helm! Bonet, Dlcyclina schlumbergerl Munier-Chalmas. Ce
menting matrix is clear calclte in crystals up to 1 mm. 
across.

F-34-54. Arroyo bottom 450 m. due west of Km. 49 of the Al- 
puyeca-Yautepec highway (sheet 1, quad. E-7)• Lava from 
the Chichinautzin basalt series; of middle Pleistocene age. 
Porphyritic olivine basalt with granulitic matrix (pi. 22- 
A). Olivine phenocrysts are up to 1 mm. across, are partly 
altered to iddingsite. Rock also contains olivine micro- 
phenocrysts. Feldspar microlites are about An^., are up to 
0.6 mm. long. Matrix contains abundant unaltered augite 
and about 2 per cent glass.

F-35-54. Valley 3600 m. due east of Km. 41.5 of the Alpuye- 
ca-Yautepec highway (sheet 1, quad. E-7 and E-8). Upper 
part of the Balsas clastic group; of probable early Oligo- 
cene age. Pink crystal-lithic rhyolite tuff with minor de- 
vltrifled glass in the groundmass. Quartz crystals are up
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to 2.5 mm. long, make up some 10 per cent of the rock. 
Biotite crystals are up to 1 mm. long and make up some 5 
per cent of the rock. 1Feldspars are mainly oligoclase, 
with less sanidine, and form about 10 per cent of the to
tal rock. Trldymite occurs In the groundmass. Zircon is 
present as an accessory mineral. This tuff is interbedded
"with the upper part of the Balsas clastic group and was

\probably deposited from the air but was re-worked by wa
ter later.

F-36-54. Top of Cerro Amarillo, 4000 m. due east of Tecu- 
man and Km. 39 of the Alpuyeca-Yautepec highway (sheet 1, 
quad. E-7 and E-8). Well up in the Balsas clastic group; 
of probable early Oligocene age. Reddish, very well ce
mented, limestone conglomerate with calcite matrix in crys
tals up to 1 mm. across (pi. 15-C and -D). Fragments are 
angular to rounded and derived mainly from the Morelos and 
Cuautla formations; but include rare Mexcala cobbles. The 
reddish argillaceous component may be derived partly from 
weathered Mexcala formation. Fragments range in size up 
to 20 cm. or more, and the rock is generally well bedded 
but beds are poorly sorted.

F-37-54. Highest point on highway between Tlaltizapan and 
Moyotepec, approximately 11 km. due east of Km. 35 of the 
Alpuyeca-Yautepec highway, east of the limit of the geolo
gy shown on the map but included in the study (sheet 1, 
quad. F-8). Upper part of the Morelos formation; of prob-



able late Albian or early Cenomanian age. Brownish-gray, 
mottled, irregularly dolomltized and recrystallized cal- 
carenlte typical of interbeds in the Morelos formation in 
many parts of the area mapped; interbedded with foramin- 
iferal limestone and blostromes containing Praeradlolltes 
sp. and Toucasla patagiata(?) (pi. 11-D).

F-41-54. Deep arroyo 700 m. N. 45° W. of Km. 38 of the Al- 
puyeca-Yautepec highway (sheet 1, quad. E-7). Well down 
in the Morelos formation; of probable middle Albian age. 
Well brecciated, grayish-brown dolomite with fragments up 
to 3 cm. across, cemented by white to red-stained calcite 
(pi. 13-B). The rock is so massive that bedding is almost 
indistinguishable in outcrops as high as 30 m. Similarly 
brecciated and re-cemented fine-grained dolomite occurs in 
thinner beds in many parts of the Morelos formation, pro
ducing a "pavement" surface in weathered outcrop.

F-42-54. Quarry 500 m. southwest of Km. 38 of the Alpuyeca- 
Yautepec highway (sheet 1, quad. E-7). Lava from Undif
ferentiated volcanic series; of middle Tertiary age. Dark- 
reddish-brown porphyritic dacite(?) with pilotaxitic matrix 
(pi. 21-A). Contains sparse quartz and andesine pheno- 
crysts up to 5 nun. long, possibly as xenocrysts. Feldspar 
microlites are up to 1.2 mm. long and are about A n ^ ; maf
ic constituents have been altered largely to nontronite(?). 
Iron ores make up some 3 per cent of the rock.

F-43-54. Small spur 200 m. north of locality of F-42-54
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(sheet 1, quad. E-7). Lava from Undifferentiated volcanic 
series; of middle Tertiary age. This rock overlies eroded 
reddish clastic beds of the Balsas clastic group; it is 
similar to specimen F-42-54 (pi. 21-C).

F-45-54. Small quarry 8000 m. S. 28° E. of the center of 
Tlaltizapan, 250 m. east of the road (sheet 2, quad. F-7 
and G-7). Upper part of the Cuernavaca formation; of prob
able late Pliocene age. Honey-colored, calcareous gypsum 
from lenticular interbed in the Cuernavaca formation (pi. 
18-D). Made up of irregularly rounded pellets of pure gyp
sum aggregates up to 10 mm. across, in a lighter-colored 
matrix of finer-grained gypsum impregnated with calcite 
dust, which makes up perhaps 15 per cent of the rock. The 
gypsum crystals range from about 0.01 to 0.5 mm., and the 
calcite dust is even finer in grain size.

F-47-54. Arroyo meander scar 150 m. north of Tlaltizapan- 
Moyotepee highway, 3600 m . due east of Km. 34.3 of the Al- 
puyeca-Yautepec highway (sheet 1, quad. F-7). Lower part 
of the Balsas clastic group; of probable early Oligocene 
age. Light-gray, well cemented, fine-grained rhyolitic 
tuff interbed in reddish silt and clay beds of the Balsas 
clastic group. Tuff bed is only 10 cm. thick and must have 
been deposited by water. Crystals are biotite, oligoclase, 
sanidine, and quartz, up to 0.3 mm. across, making up more 
or less 15 per cent of the rock. All glass is devitrlfied. 
Rock looks much like specimen F-35-54.
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F-50-54. Scoria block from the south end of Cerro Temilpa, 

at the position of letter F1 of section line F-F*, erupted 
from El Chiquihuite volcano located about 1000 m. due east 
of that point, beyond the east edge of the map (sheet 2, 
quad. F-8). Basalt referred to the Chichinautzin basalt 
series; of Recent age. Porphyritic, hypocrystalline, ol- 
ivine-augite basalt with pilotaxitic to intersertal matrix 
(pi. 22-D). Olivine and augite phenocrysts are up to 1.2 
mm. long and make up about 10 per cent of the rock. Feld
spar microlites range generally between 0.02 and 0.12 mm. 
in length, are about An^, and occur with abundant augite 
grains. Iron ores make up about 2 per cent of the rock.
All the minerals are fresh and unaltered.

F-54-54. South end of Cerro Temilpa, about 600 m. due west 
of the east end of section line F-F* (sheet 2, quad. F-8). 
Upper part of the Morelos formation; of probable late Al- 
bian age. Medium-gray to light-creamy-gray, highly dolo- 
mitized calcarenlte, from within 50 m. of the top of the 
Morelos formation (pi. lO^D). Dolomite crystals pervade 
the rock irregularly; calcite matrix has been recrystallized.

F-64-54. Upland on low ridge 5500 m. S. 47° E. of the center 
of Tlaquiltenango, between 600 and 800 m. due east of the 
road along the west base of the ridge (sheet 2, quad. 0-7). 
Lower two-thirds of the Cuautla formation; of Turonian age. 
Chips from six beds between the lower contact of the Cuaut
la formation and about 60 m. below the upper contact; these
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were judged in the field to range from the least dolomit- 
ized to the most dolomitized beds in the section. Tests 
by E. Schmitter gave the following percentages of dolomite 
in the chips: 0.0, 0.9, 1.2, 1.7, 49.0, and 67.7 per cent
dolomite. Insoluble residue tests of these samples gave, 
respectively: 4.3, 0.9, 0.6, 7.8, 3.4, and 1.5 per cent
insoluble.

F-65-54. Between the road cut at the base of the hill 7100 
m. S. 36° E. of the center of Tlaquiltenango, and the crest 
of the hill 900 m. northeast of that point (sheet 2, quad. 
G-7 and H-7). Upper part of the Morelos formation; of 
probable late Alblan and early Cenomanian age. Chips from 
nine beds between the upper contact of the Morelos forma
tion and possibly some 300 m. stratigraphically below the 
contact; these were Judged in the field to range from the 
least dolomitized to the most dolomitized beds in the se
quence exposed. Tests by E. Schmitter gave the following 
percentages of dolomite in the chips: 2.3, 22.5, 40.6,
50.6, 63.8, 75.5, 78.8, 81.6, and 83.3 per cent dolomite. 
Insoluble residue content of these samples gave, respec
tively: 2.5, 3.1, 4.0, 2.5, 0.3, 2.2, 0.9, 3.7, and 2.8
per cent insoluble.

F-66-54. Hillside 1700 m. S. 74° E. of Atlihuayan, measured 
from Km. 53 of the Alpuyeca-Yautepec highway (sheet 1, 
quad. D-8). Upper part of the Cuautla formation; of late 
Turonlan age. Light- to medium-gray, dense calcilutlte
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with, repeated mixed and alternating biostromes of Hlppur- 
ites resectus var. mexicanus Barcena, Radiolites sp., Dur- 
ania comu-pastorls, Actaeonella sp., and corals identified 
by J. W. Wells as belonging to the species Multicolumas- 
traea cyathlformis (Duncan).

F-67-54. ; Hillside 1000 m. S. 76° E. of the center of Taxco 
Viejo (sheet 2, quad. I-l). Lower part of the Taxco Viejo 
green volcanic series; of probable Late Triassic age. 
Greenish and purplish, weakly metamorphosed andesitic tuff 
and breccia from within 50 m. of the underlying Taxco schist 
series. Fragments range from a few tenths of a millimeter 
to more than 3 cm., consist of several varieties of porphyr- 
itic andesite with amphibole and/or pyroxene (pi. 8-A and 
-B). Some have a chloritized matrix of devitrifled glass; 
others are themselves made up of clastic volcanic rock. 
Chlorite and minor penninlte pervade the rock and were de
veloped largely as a result of dynamic metamorphism. Opaque 
iron ores form about 5 per cent of the rock. Feldspars are 
unidentifiable. Calcite forms the cementing matrix and was 
recrystallized during metamorphism; its great abundance 
suggests that the rock may be of marine pyroclastic origin.

F-68-54. Ridge top about 2500 m. N. 68° W. of Cuauchichinola 
(sheet 2, quad. G-4 and F-4). Upper part of the Morelos 
formation; of probable late Albian age. Nearly black sac- 
charoidal dolomitized limestone with veinlets of white cal
cite and chalcedony (pi. 10-C). Rock consists of a mosaic



of dolomite and calcite crystals from 0.2 to 1 mm. across. 
Black color is probably due to bituminous or carbonaceous 
matter disseminated through the rock.

F-71-54. Road cut at Km. 160.5 at the east edge of Taxco 
(sheet 2, quad. H-l). Near top contact of the Taxco schist 
series; of probable late Paleozoic age. Medium-gray, cren- 
ulated, sericite schist, well foliated, made up of grains 
of quartz and feldspar and dense fine-grained fragments 
composed of micro-crystalline quartz-feldspar-sericite ag
gregates (pi. 87C); largest fragments are about 3 mm. a- 
cross. Some quartz grains are unstrained, embayed Igneous 
crystals. Rock lacks ferromagnesian minerals, chlorite, 
and carbonaceous matter. It appears to represent a dynam
ically metamorphosed, crystal-11thic rhyolite tuff.

1255
F55-4. Hillside 2300 m. N. 18° W. of the center of Jicarera 

(sheet 2, quad. G-6). Basal beds of the Cuautla formation; 
of Turonian age. Light-gray to yellowish, micro-conglomer
ate or calcarenite from within 3m. of the base of the 
Cuautla formation (pi. 14-A and -B). Constituent grains 
are subangular to subrounded . and range from a few tenths 
of a millimeter to 1.5 mm.; they consist of cryptocrystal
line dolomite or dolomitized limestone of light to dark 
color, set in a matrix of calcite crystals up to 0.5 mm. a- 
cross. Some grains contain microfossils, including Calci-
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sphaerula lnomlnata(?), Qulnquelocullna ap., Kummolocullna 
helm!, and other foramlnifera up to 0.4 mm. in diameter; 
Pithonella ovalis(?) may also he present. Fossils are 
poorly preserved, and some recrystallization of the dolo
mite and calcite has occurred, causing ragged edges to form 
around many grains. Most of the dolomite, however, con
sists of clastic grains eroded from the Morelos formation.

F55-10. Road cut at Km. 165 of the Taxco-Iguala highway 
(sheet 2, quad. H-l). Lower part of the Mexcala forma
tion; of early Coniacian age. Dark-gray, calcareous, car
bonaceous, slightly foliated siltstone interbed in a shale- 
siltstone-sandstone sequence (pi. 18-E). Rock is finely 
cross-bedded, consists of grains of quartz, limestone, 
feldspar, and highly altered mafic minerals. Calcite makes 
up about 40 per cent of the rock, partly as detrital lime
stone and partly as cementing matrix. Carbonaceous matter 
appears to be graphite. Very low grade dynamic metamor
phism has caused development of a little chlorite and ser- 
icite, as well as recrystallization of the calcite matrix. 
No fossil remains were noted.

F55-11. Low ridge 900 m. due west of the highway junction 
at the southeast end of Tequesquitengo Lake (sheet 2, quad. 
G-5). Upper part of the Morelos formation; of probable 
early Cenomanian age. Light-gray foraminiferal calcilu- 
tite replete with miliolids, from less than 50 m. below the 
top of the Morelos formation. Study of thin sections by
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E. R. Applin revealed the presence of abundant individuals 
of the genera Qulnquelocullna, Trlloculina, Massillna, and 
Dlcyclina, and less commonly Lituola(?) sp., Ammobaculites 
of. A. cuylerl, and Cyclammlna sp., among other unidenti
fiable fragments.

F55-12. Upland 1350 m. N. 70° W. of Kin. 95 of the Cuemava- 
ca-Amacuzac federal highway (western one of two) (sheet 1, 
quad. E-6). Topmost beds of the Morelos formation; of 
probable early Cenomanian age. Light-gray dense calcilu- 
tite with miliolids and larger fossil fragments, from 
within 10 m. of the top of the Morelos formation. A sili- 
cified sponge was identified by J. W. Wells as Peronldella 
sp. cf. P. ramoslsslma Dunikowsky. Foraminiferal content 
was studied by E. R. Applin, who reported the following 
identifiable genera: dominant Qulnquelocullna, Trllocull-
na, Ifossllina. and less abundant Dlcyclina, Dukhania, Gut- 
tulina, Lagena, Dentalina, Lituola(?), Nummolocullna, and 
Blgenerlna, as well as sections of ostracodes.

F55-13. Upland 1800 m. N. 54° W. of Km. 95 of the Cuernava- 
ca-Amacuzac federal highway (western one of two) (sheet 1, 
quad. E-6). Basal beds of the Cuautla formation; of prob
able Turonian age. Yellowish to light-gray calcarenite 
from within a few meters of the base of the Cuautla forma
tion, forming part of a thin sequence of clastic, detrltal 
limestone beds below the normal dense limestone of the 
Cuautla formation. The rock contains algal structures
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identified by R. Rezak as follows: Dlssocladella sp., A-
clcularla sp., Neomerls cf. N. cretacea, Boueina and/or 
Hallmeda. Holosporella of. H. slamensls. A search for mi
crofossils by R. C. Douglass showed the absence of milio- 
lids but the presence of the foraminiferal genus Cuneollna.

F55-15. Near the base of the hill 1100 m. N. 25° W. of the 
center of Cuauchichinola (sheet 2, quad. G-4). Upper part 
of the Morelos formation; of probable late Albian age. 
Dark-brownish-gray, partly dolomitized calcilutite with 
abundant fragments of rudistids, including Toucasia pata- 
glata(?); dolomitization is nearly confined to the rudis- 
tid shells, in contrast to a more common dolomitization of 
the matrix and silicification of the shell matter else
where in the region (pi. 10-B).

F55-16. Edge of the large sink 2300 m. N. 43° E. of the cen
ter of Tilzapotla (sheet 2, quad. 1-5 and H-5). Well up 
in the Tilzapotla formation; of probable late Oligocene or 
early Miocene age. Reddish-brown, fairly coarse grained, 
well indurated, extremely massive volcanic tuff-breccia, de
termined in thin section by E. Schmitter to be composed of 
fragments of porphyritic rhyolite in a tuffaceous rhyolitic 
matrix.

F55-I8. Hillside 1700 m. S. 50° W. of the road end at Xicot- 
lacotla (sheet 2, quad. H-6). Well up in the Mexcala for
mation; of probable Coniaclan age. Light-olive-green sub- 
graywacke composed of grains generally smaller than 0.3 mm.
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across, angular to surrounded, consisting of quartz, feld
spar, chert, limestone, chloritized mafic minerals, and 
opaque iron ores. Matrix cement is largely calcite (pi. 
18-A).

F55-19. Small hill at the east edge of the town of Amacuzac 
(sheet 2, quad. G-4). Lava from the "basal part of the Bue
na vista volcanic series; of probable middle Tertiary age. 
Lavender aphanitic lava with rare andesine and quartz phe- 
nocrysts, up to 2 mm. long (pi. 21-E), from less than 30 m. 
above the underlying Tilzapotla rhyolite series. Pheno- 
crysts may be xenocrysts, as the plagioclase seems to have 
a more calcic border than its center. Feldspar microlites 
are about AngQ and are much altered to clays. Mafic min
erals in the groundmass were probably hornblende but are 
now altered to chlorite, opaque iron ores, and clays.
Glass in the matrix has a refractive index of about 1.49, 
indicating a probable latitic composition. Sample was 
studied by both E. Schmitter and the writer.

F55-20. Highway overpass just west of the town of Amacuzac, 
at the junction of the Taxco and Iguala highways (sheet 2, 
quad. G-4). Dike cutting the Tilzapotla rhyolite series; 
of middle to late Tertiary age. Dark-gray, porphyritic, 
holocrystalline basaltic dike rock with pilotaxitic matrix 
(pi. 21-D). Phenocrysts are amphlbole, up to 1 mm. long, 
largely altered to iron ores and clays(?). Feldspar micro
lites are labrador!te. Iron ores form about 5 per cent of
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the rock. Fine-grained matrix seems to be devitrifled 
glass, contains tiny grains of augite(?); chlorite is 
rare. Sample was studied by both E. Schmitter and the 
writer.

F55-21. Road cut at Km. 125.8 of the Amacuzac-Taxco highway 
(sheet 2, quad. G-4). Lava interbedded with the Balsas 
clastic group; of probable early Oligocene age. Medium- 
gray, porphyritic, holocrystalline lddingsite(?) basalt 
with ophitic matrix, Interbedded with reddish limestone 
conglomerate (pi. 20-D). Olivine phenocrysts are altered 
to reddish-brown iddingsite(?), are up to 1 mm. across. 
Feldspar microlites are up to 0.2 mm. in length, are about 
An^Q, and are imbedded in an augite matrix. Mafic miner
als are partly altered to chlorite, which also invades 
feldspars and fills fractures in the rock. Opaque iron 
ores form about 5 per cent of the rock. Studied by both 
E. Schmitter and the writer.

F55-22. State line 2600 m. N. 58° W. of Km. 128 of the Ama- 
cuzac-Iguala toll road (sheet 2, quad. H-3). Lava flow in 
the lower part of the Balsas clastic group; of probable 
late Eocene or early Oligocene age. Very dark gray, por
phyritic, holocrystalline augite basalt with pilotaxitic 
matrix (pi. 20-F). Phenocrysts are augite clusters up to 
1 mm. across; hornblende xenocrysts(?) up to 0.7 mm. long 
have reaction rims of tiny augite grains. Feldspar micro
lites are 0.2 to 0.5 mm. long, consist of labradorite.



Chlorite pervades the rock. Studied by E. Schmitter and 
the writer.

F55-24. Deep arroyo 2850 m. due south of the east edge of 
Huajintlan, measured from Km. 126.5 of the Amacuzac-Taxco 
highway (sheet 2, quad. G-4). Lava interbedded with the 
upper part of the Balsas clastic group; of probable early 
Oligocene age. Nearly black, porphyritic, holocrystalline, 
olivine-hypersthene basalt with pilotaxitic matrix (pi. 
21-B). Phenocrysts make up about 10 per cent of the rock, 
consist dominantly of olivine that has been altered to id- 
dingsite and then to serpentine, and less abundantly of 
hypersthene and bytownite. They range in size from 0.3 
to 2.0 mm., but only the feldspar is over 1 mm. long. 
Feldspar microlites consist of labradorite, are 0.1 to 0.5 
mm. long, and occur with augite grains. Chlorite is com
mon through the matrix and in fractures. Studied by E. 
Schmitter and the writer.

F55-26. Hilltop 2100 m. due south of Km. 133 of the Amacu
zac-Taxco highway (sheet 2, quad. G-3). Small intrusive 
mass cutting the Mexcala formation; of probable middle Ter
tiary age. Medium-grayish-green, porphyrltic, holocrys
talline diabase with pilotaxitic matrix (pi. 20-A). Phe
nocrysts are 0.3 to 1 mm. long, were originally augite but 
are now a mixture of opaque iron ores and chlorite. Feld
spar microlites average about 0.1 mm. in length, are near 
AngQ, and occur with abundant grains of fresh augite and
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fewer prisms of hornblende (?). Apatite is common as an 
accessory mineral. Opaque iron ores form some 3 per cent 
of the rock. Chlorite pervades the matrix and fills frac
tures in the rock. Studied by E, Schmitter and the writer.

F55-31. Ridge top about 2500 m. due west of the center of 
Cuautlita, beyond the limit of the geology shown on the 
map (sheet 2, quad. E-4). Well down in the Morelos forma
tion; of probable middle Albiah age. Dark-gray, slightly 
dolomitized calcarenite, contains silicified and dolomlt- 
ized fragments of rudistid shells, including Toucasia pata- 
glata(?) (pi. 13-A). Both silica and magnesia replaced 
the calcitic shell matter and the calcilutite fill in some 
of the shells, in preference to the calcitic calcarenite 
matrix of the rock.

155-33. Road cut 1800 m. due west of the center of Emiliano 
Zapata (sheet 1, quad. D-6). Lava interbedded with clas
tic beds of the Balsas clastic group, or possibly basal 
part of the overlying Undifferentiated volcanic series; of 
probable middle Tertiary age. Dark-reddish-brown, slightly 
porphyritic, holocrystalline basalt with pilotaxitic matrix 
(pi. 21-F). Phenocrysts form less than 1 per cent of the 
rock, consist of olivine altered largely to opaque iron 
ores but preceded by iddingslte(?), are from 0.3 to 0.8 mm. 
long. Rare quartz grains are probably xenocrysts. Feld
spar microlites are labrador!te, from 0.2 to 0.7 mm. long. 
Matrix contains augite grains and possibly also some hyp-



ersthene. Chlorite has invaded the rock in minor quanti
ty. Studied by E. Schmitter and the writer.

F55-35. Flank of arroyo 1700 m. due north of Km. 122.8 of 
the Amacuzac-Taxco highway (sheet 2, quad. 0-4). Small 
intrusive mass cutting the Balsas clastic group; of prob
able middle Tertiary age. Hedium-grayish-green, slightly 
porphyrltlc, holocrystalline diabase. Scattered pheno- 
crysts were apparently augite but are now altered to iron 
ores and chlorite (pi. 20-B). Matrix feldspar microlites 
are labradorite and occur with fresh augite grains. Rock 
is well chloritized, much like specimen F55-26.

F55-38. Ridge top 1750 m. S. 17° E. of the center of San 
Andres de la Cal, on the north flank of Cerro Barriga de 
Plata (sheet 1, quad. C-7). Top of the Morelos formation; 
of probable early Cenomanian age. Light-gray, very fine 
grained, foramlnlferal calcarenite from within 10 m. of 
the top of the Morelos formation (pi. 11-B). Rock contains 
several genera of miliolids and other foraminifera and is 
characterized by abundant individuals of Hummoloculina 
he1ml. It is not dolomitized. Compare with specimen 
F-19-52 (pi. 12-A).

F55-39. East flank of Cerro Barriga de Plata, 3800 m. N.
48° E. of Km. 16 of the Cuernavaca-Cuautla highway (sheet 
1, quad. D-7). Upper part of the Morelos formation; of 
probable early Cenomanian age. Light-gray, partly dolo
mitized, foraminlferal calcarenite from probably less than
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50 m. below the top of the Morelos formation (pi. 10-A). 
Rock contains miliolids and pellets composed of crypto
crystalline calcite, in a matrix of similar composition, 
but it is now largely replaced by dolomite. This specimen 
contrasts with specimen F55-15 (pi. 10-B) in which the fos
sils, and not the matrix, are replaced by dolomite.

F55-40. Quarry 1600 m. N. 28° E. of the center of Oacalco 
(sheet 1, quad. 0-8), Gypsum interbed in the Balsas clas
tic group; of probable late Eocene or early Oligocene age. 
Honey-colored gypsum with white to translucent chert nod
ule (pi. 18-F). The gypsum occurs in a mosaic of feath
ery twinned crystals or fibrous aggregates, generally less 
than 0.1 mm. long. The silica occurs in tiny globular 
masses 0.1 to 0.3 mm. across, composed largely of opal but 
partly crystallized to chalcedony. The chert nodule ap
pears to be dense and nearly pure in hand specimen, but un
der the microscope it is seen to have a very fine grained 
gypsum matrix. No trace of fossils was noted.

F55-42. Ridge top 2750 m. S. 70° W. of Hospital, or top of 
second ridge west of Cuautla (sheet 1, quad. E-9 and E-8). 
Upper part of the Cuautla formation; of late Turonian age. 
Light-creamy-gray calcllutite with silicified corals and 
Toucasia sp., interbedded with layers containing Radloll- 
tes, Hippurltes, and Irregular chert nodules. The corals 
were identified by J. V. Wells as belonging to Columastraea
n. sp



F55-4-3, A to M. Quarry 1100 m. H. 23° E. of the center of 
Oacalco (sheet 1, quad. C-8). Basal part of the Tepozt- 
lan formation; of probable late Oligocene or early Mio
cene age. Series of 13 samples from large blocks of lava 
in the lower part of the Tepoztlan formation, representing 
the different types of material that make up the formation 
(pi. 19-A to -E). Beds are massive and constituents are 
poorly sorted, ranging from subangular to well rounded and 
from particles of clay size to boulders as much as 50 cm. 
across; colors range from light to dark gray to greenish 
and reddish. Study of thin sections of these specimens by 
E. Schmitter led to the following classification, in order 
from A to M: A, hypersthene andesite; B, hornblende andes
ite; 0, hypersthene-auglte andesite; D, hypersthene andes
ite; E, hornblende andesite; F, hypersthene-auglte andes
ite; G, hornblende andesite; H, hypersthene-auglte andes
ite; I, hornblende-pyroxene andesite; J, hypersthene(?) an
desite; K, hypersthene-hornblende andesite; L, hypersthene- 
augite-hornblende andesite; and M, hypersthene andesite.
All these rocks contain andesine microlites, are porphyrl- 
tic in varying degree, and have fine-grained to aphanitic 
groundmasses. Marked differences in varieties and propor
tions of phenocrysts, textures, degree and kind of altera
tion, color, and grain size suggest that the lavas were e- 
rupted from several centers, although some of them may have 
come from the same eruptive center, there being no way of
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proving the case one way or the other. They certainly 
show an overall genetic relationship.

F55-48- Ridge top 6100 m. due west of Casasano (sheet 1, 
quad. D-9 and D-8). Upper part of the Cuautla formation; 
of late Turonian age. Light-gray calcilutite in alternat
ing and mixed biostromes containing species of Hlppurites. 
Toucasia. Radiolites. and Uerinea. as well as irregular 
chert nodules and lenses. Most of the fossils are silici- 
fied to a varying degree. Duranla occurs more sparingly 
in nearby beds and is not silicified. Specimen consists 
of silicified gastropods, which are reported by N. F. Sohl 
as belonging to Trochactaeon sp., somewhat similar to T. 
occldentalls but with more pronounced shoulders.

'F55-49. Old quarry at the base of the second range west of 
Cuautla, 6400 m. S. 80° ¥. of the center of Cuautla (sheet 
1, quad. E-9 and E-8). Low in the Mexcala formation; of 
early Coniacian age. Buff-weathering, gray shale Interbeds 
in a siltstone-shale-sandstone sequence from within 10 or 
15 m. of the contact with the underlying Cuautla formation. 
Sample was washed and examined by A. R. Loeblich, Jr., who 
reported the presence of Globotruncana schneegansi.

F55-52. Near the town of Placeres, Guerrero, about 100 km. 
(airline) due west of the southernmost tip of the geologic 
map in plate 1, or about 30 km. southeast of locality 5 on 
the map in plate 3-A; included here because of the pertin
ent information it provides. Placeres granite; of probable
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Cenomanian age. A radiometric age determination of a zir
con concentrate by the lead-alpha method made by H. \J.
Jaffe and colleagures gave an age of 97 million years. The 
sample was collected and concentrated by Z. de Cserna and 
J. Pantoja-Alor.

F55-53. Hillside 4800 m. S. 53° W. of the center of Cuautla, 
on the east flank of the first range west of Cuautla (sheet 
1, quad. E-9). Topmost beds of the Morelos formation; of 
early Cenomanian age. Light-gray foraminiferal calcaren- 
ite from within 3 m. of the top of the Morelos formation. 
Examination of the specimen in thin section by E. R. Applin 
revealed the presence of abundant individuals of Nummolocu- 
llna heimi, Massllina sp., Massillna cf. M. planoconvexa.
Picyclina. Palmula cf. P. decorata, Trllocullna, Qulnquelo- 
culina. and Ophthalmidium sp., with rare sections of Cuneo- 
llna and ostracodes.

F55-58. Road cut 1100 m. northeast of the point where the 
road intersects the west end of section line A-A1 (sheet 1, 
quad. C-5). Tepoztlan formation; of probable late Oligo- 
cene or early Miocene age. Large blocks of medium-gray 
porphyritic, vesicular lava in coarse-grained clastic beds 
of the Tepoztlan formation. Two blocks were examined in 
this section by E. Schmitter, who identified the rock as 
hypersthene-augite andesite.

F55-59. Road cut at Km. 13 of the highway to Zempoala Lakes 
(sheet, 1, quad. B-5). Lava flow in the Chichinautzln bas
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alt series; of late Pleistocene age. Dark-gray porphyri- 
tic hypersthene basalt with occasional xenocrysts of plagio- 
clase and quartz, both with reaction rims of pyroxene. Ex
amined in thin section by E. Schmitter.

F55-60. Road cut at Km. 13.9 (State line) of the highway to 
Zempoala Lakes (sheet 1, quad. B-5). Lava flow in the Zem- 
poala andesite series; of probable late Miocene age. Med
ium-gray, porphyrltic, holocrystalline andesite, with both 
hypersthene and auglte. Accessory magnetite is abundant. 
Examined by E. Schmitter.

F55-61. Outcrop at Km. 88.9 of the Cuernavaca-Amacuzac feder
al highway (western one of two) (sheet 1, quad. E-6). Lava 
referred to the Tilzapotla rhyolite series; of probable 
late Oligocene or early Miocene age. Reddish porphyrltic 
lava with an aphanitic matrix. Rock contains sanidine, 
quartz, oligoclase, hornblende, hypersthene, and magnetite, 
according to an examination by E. Schmitter, who classified 
it as a rhyo-dacite.

F55-62. Road-metal pit at Km. 89.2 of the Ouernavaca-Amacu- 
zac federal highway (western one of two) (sheet 1, quad.
E-6). Igneous rock either interbedded with the Tilzapotla 
rhyolite series or intruding it; of probable early Miocene 
age (if extrusive) or more recent (if intrusive). Irregu
lar body of reddish-brown porphyrltic rock with aphanitic 
matrix, not studied in detail and- not mapped separately 
from the Tilzapotla rhyolite series'. Examined by E. Schmit-



ter, who reported the rock to contain andeaine and horn
blende and classified it as an andesite.

F55-6?. Hillside 350 m. west of Km. 185 of the Kexico-Aca- 
pulco highway, about 11 km. beyond the south edge of the 
map (sheet 2, south of quad. K-2); mapped in detail by 0. 
Bohnenberger-Thomas (1955) and included here because of 
the pertinent stratigraphic information it provides. Up
per beds of the Morelos formation; of early Cenomanian age. 
Medium-gray foraminiferal calcarenite from within 20 m. of 
the top of the Morelos formation, contains mlliolids, cor
als, and fragmental rudistids, including Toucasla patagia- 
ta(?). The corals were Identified by J. W. Wells as belong
ing to Eolstreotp-phyllum sp. cf. E. budaensis Wells. The 
foraninifera were examined in thin section by E. R. Applin, 
who identified the following genera and species: common to
abundant Qulnqueloculina sp., Dicyclina, and Cuneolina, and 
less common Lltuola, a form related to Ovalveollna, Nummo- 
loculina heimi, Massllina cf. M. pianoconvexa, Palmula sp., 
Turrisplrlllina subconica(?).

F55-68. Quarry about 100 m. west of Km. 185 of the Acapulco 
highway, about 11 km. beyond the south edge of the map 
(sheet 2, south of quad. K-2); mapped in detail by 0. Bohn
enberger- Thomas (1955) and included here because of the 
pertinent stratigraphic information it provides. Lower 
part of the Mexcala formation, of early Coniacian age. 
Light-gray, buff-weathering shale interbeds in a sequence
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of shale-siltstone-sandstone within 30 m. of the base of 
the Mexcala formation, which here overlies the Morelos for
mation without the intervening Cuautla formation. Sample 
was washed and examined by A. R. Loeblieh, Jr., who re
ported the presence of Globotruncana fornicata.

F55-70. Road cut at Km. 253 of the Acapulco highway, near 
the town of Mezquititlan (see pi. 3-A), about 80 km. be
yond the south edge of the geologic map in plate 1; mapped 
in detail by 0. Bohnenberger-Thomas (1955) and included 
here because fauna collected from these beds was described 
in detail by Burckhardt (1919, p. 93-130) and Bose (1923, 
p. 208-210) (refer to the description of specimen F-90-50, 
above). Lower part of the Mexcala formation; of early Co- 
niacian age. Ammonoids found were identified by R. ¥. Im- 
lay as follows: Barrelsiceras cf. B. haberfellnerl von
Hauer, Scaphltes aff. S. gelnltzl D1Orbigny, Otoscaphltes 
aff. S. gelnltzl Jahn, Otoscaphltes aff. 0. aurltus 
Schluter). Collected by the writer, 0. Bohnenberger, and 
Z. de Cserna.

F55-77. Flank of a deep arroyo 2100 m. N. 78° W. of Km. 141 
of the Amacuzac-Iguala toll road (sheet 2, quad. 1-3). Up
per part of the Xochlcalco formation; of probable Aptian 
age. Dark-gray to black cryptocrystalline limestone with 
abundant dolomite rhombs and small patches of carbonaceous 
matter. Several chips were examined in thin section by F. 
Bonet, who reported the presence of abundant individuals of
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RuROKlobifierlna sp., Colomlella mexlcana, and silicified
291

radlolarla.
F55-78. Road cut at Km. 129 of the Amacuzac-Iguala toll 

road•(sheet 2, quad. H-3). Lower part of the Balsas clas
tic group; of probable late Eocene age. Dark-reddish-gray 
porphyrltic iddingsite basalt with aphanitic groundmass. 
Phenocrysts are olivine altered to reddish-brown iddings
ite. Feldspar microlites are Ang^_y0, generally 0.04 to 
0.06 mm. long; tiny dark-brown pleochroic needles of bas
altic hornblende(?) are abundant. Opaque iron ores form 
about 5 per cent of the rock. Chlorite and nontronlte(?) 
permeate the matrix.

F55-79. Base of hillside 1050 m. N. 13° W. of Km. 144 of the 
Amacuzac-Iguala toll road (sheet 2, quad. 1-3). Basal beds 
of the Morelos formation; of probable late middle or early 
late Albian age. Medium-gray foramlniferal calcarenite 
from within 5 m. of the contact with the underlying Xochi- 
calco formation. Chips examined in thin section by E. R. 
Applin revealed abundant individuals belonging to Nummoloc- 
ullna sp. b, Massllina cf. M. planoconvexa, and less com
monly Cuneolina sp. The .species of Mummoloculina in this 
sample differs markedly from the one that is characteris
tic of the upper part of the Morelos formation.

F55-80. Road cut at Km. 131.5 of the Amacuzac-Iguala toll 
road (sheet 2, quad. H-3). Lower part of the Buenavista 
volcanic series; of probable Miocene age. Dark-gray por-
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phyritic lava with aphanitic matrix; microphenocrysts con
sist of andesine, augite, and partly resorbed hornblende. 
Examined and classified by E. Schmitter as a dacite.

F55-81. Road cut at Km. 148.8 of the Amacuzac-Iguala toll 
highway (sheet 2, quad. 1-3). Basal beds of the Mexcala 
formation; of possible latest Turonian or earliest Conia- 
cian age. Creamy-gray calcilutite and biogenic calcaren- 
ite with some detrital foramlnifera eroded from weathered 
beds of the Morelos formation. Examination in thin sec
tion by F. Bonet revealed the presence of Gumbelina sp. and 
abundant other foramlnifera not identified generically and 
generally unknom from Mexican Upper Cretaceous rocks.

F55-83. Road cut at Km. 130.5 of the Amacuzac-Iguala toll 
road (sheet 2, quad. H-3). Basal part of the Buenavista 
volcanic series; of probable Miocene age. Dark-gray, fine
grained lava near contact with underlying limestone con
glomerate of the Balsas clastic group; examined in thin 
section by E. Schmitter and classified as basalt.

F55-84. Base of hillside 200 m. due west of Km. 141.2 of the 
Amacuzac-Iguala toll road (sheet 2, quad. ,1-3). Basic in
trusive stock; of probable middle to late Tertiary age. 
Nearly black, dense, porphyritic igneous rock, contains 
both hypersthene and augite, together with andesine, and 
has a traquitic to pilotaxitic matrix. Examined in thin 
section by E. Schmitter and classified as an andesite por
phyry.
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F55-85. Road cut at Km. 122 of the Amacuzac-Iguala toll 

road (sheet 2, quad. H-4). Lower part of the Buenavlsta 
volcanic series; of probable Miocene age. Dark-greenish- 
gray porphyritic lava with andesine, hornblende, and bio- 
tite; matrix has a pilotaxitlc texture. Examined in thin 
section by E. Schmitter and classified as an altered an
desite (? ) .

F55-86. Upland 3400 m. N. 70° W. of Km. 142 of the Amacu- 
zac-Iguala toll road, southeast of Coxcatlan (sheet 2, 
quad. 1-3). Large intrusive stock cutting the Xochicalco 
and Morelos formations; of probable Cenomanian age, but 
possibly of early Tertiary age. Light-gray to pinkish, 
coarse-grained, porphyritic rock with quartz, orthoclase, 
albite, oligoclase, andesine, biotite, and hornblende, ex
amined in thin section by E. Schmitter and classified as 
a granodiorite porphyry. This border phase is somewhat 
more calcic than the inner part of the intrusive body, 
which is described under specimen F55-94.

F55-91. Along an old mine road about 2400 m. S. 33° W. of 
the centerof Buenavlsta de Cuellar, just beyond the limit 
of the geologic map (sheet 2, quad. 1-4 and 3E-3). Large 
intrusive stock cutting the Xochicalco. and Morelos for
mations; of probable Cenomanian age, but possibly of early 
Tertiary age. Medium-gray, medium-grained, porphyritic 
igneous rock composed essentially of quartz, andesine, and 
diopside, examined in thin section by E. Schmitter and
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classified as a quartz diorite porphyry. This border phase 
shows the effect of the addition of lime from the Creta
ceous limestone intruded, containing much epidote and gar
net; the inner part of the mass is much less calcic.

F55-92. Cliff along the road at Km. 148.8 of the Amacuzac- 
Iguala toll road (sheet 2, quad. .1-3). Top of the Morelos 
formation; of probable late Albian age. Medium-gray dense 
calcarenite from within 8m. of the contact with the over- 
lying formation, which is here the Mexcala formation. Thin 
sections of several chips studied by E. R. Applin revealed 
the presence of abundant sections of Nummolocullna sp.
(not N. heimi), Cuneollna sp., and species of Massilina, 
Guttulina. and Ophthalmi dium.

F55-93. Deep arroyo 2000 m. S. 39° E. of Km. 154 of the Ama- 
cuzac-Iguala toll road (sheet 2, quad. J-3). Upper part of 
the Xochicalco formation; of probable Aptian age. Very 
dark gray, laminated, cryptocrystalline calcilutite with 
chert interleaves and carbonaceous matter; examination of 
several chips in thin section by F. Bonet revealed only 
calcified radiolarla.

F55-94. Hillside 2250 m. N. 61° W. of Km. 148 of the Amacu- 
zac-Iguala toll road (sheet 2, quad. 1-3). Large igneous 
intrusive stock cutting the Xochicalco and Morelos forma
tions; of probable Cenomanian age, but possibly of early 
Tertiary age. Light-gray, coarse-grained, porphyrltic ig
neous rock, examined in thin section by E. Schmitter, who



295
reported the main constituents to he quartz, orthoclase, 
hornblende, and biotite, with magnetite and zircon as ac
cessory minerals; the rock was classified as granite.
This is part of the same intrusive mass described under 
specimen F55-86 and is here less calcic.

F55-95• Lower slope of the hillside 1800 m. S. 65° E. of 
Km. 155 of the Amacuzac-Iguala toll road (sheet 2, quad.
J-3). Large igneous intrusive body cutting the Xochical- 
co and Morelos formations; of probable Cenomanian age, but 
possibly of early Tertiary age. Medium-gray, fine-grained, 
porphyritic igneous rock, examined in thin section by E. 
Schmitter, who reported quartz, andesine, and biotite as 
major constituents and magnetite as the main accessory min
eral; the rock was classified as granodlorite.

F55-96. Road cut in the pass at Km. 155.5 of the Amacuzac- 
Iguala toll road (sheet 2, quad. J-3). Basal limestone bed 
of the Mexcala formation; of latest Turonian or earliest 
Coniaclan age. Thin-bedded, creamy-gray, calcilutite from 
within 3 m. of the contact with the underlying Morelos for
mation; several chips were examined in thin section by F. 
Bonet, who reported the presence of Plthonella ovalis, Gum- 
belina sp., and G-loblgerina sp., as well as calcified radio- 
laria.

F55-97. Top of Cerro Colotepec, 2700 m. N. 81° V7. of Km. 91 
of the Cuernavaca-Amacuzac federal highway (western one of 
two) (sheet 1, quad. E-6 and E-5). Well down in the Xochi-
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calco formation; of probable Aptian age. Dark-gray to 
black, carbonaceous, partly recrystall!zed calcilutite, 
examined in thin section by F. Bonet, who reported the 
presence of abundant individuals of Colomlella mexlcana 
and scarce specimens of Rugoglobigerlna sp.

F55-99. Mine dump on the northwest flank of Cerro Colote- 
pec, 3300 n. N. 72° W. of Km. 91 of the Guernavaca-Amacu- 
zac federal highway (western one of two) (sheet 1, quad.
E-6 and E-5). Small igneous stock intruded into the Xo- 
chicalco formation; of probable Cenomanian age, but pos
sibly of early Tertiary age. Light-gray, coarse-grained, 
porphyritic igneous rock, examined in thin section by E. 
Schmitter, who reported the major constituents to consist 
of quartz, orthoclase, andesine, oligoclase, and biotite, 
with zircon as an accessory mineral; classified as porphyr
itic quartz monzonite.

F55-100. Railroad cut in the deep gorge 1900 m. N. 52° E. 
of the center of El Naranjo, measured from Km. 189 of the 
Taxco-Iguala highway (sheet 2, quad. J-2). Lower part of 
the Morelos formation; of probable middle Albian age. Med
ium-gray, dense calcilutite or calcarenite with sparse 
fragmental foraminifera. Thin sections of chips studied 
by E. R. Applin revealed the presence of Kummolocullna sp. 
b, abundant S-plroplectammlna cf. S. goodlandana, common 
Hassllina cf. M. pianoconvexa, and rare Pictyoconus(?).

F55-104. Lower southeastern slope of Cerro Tuxpan, 2800 m.
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N. 79° E. of the center of the town of Tuxpan (sheet 2, 
quad. J-3). Well down In the Xochicalco formation; of 
probable Aptian or Barremian age. Dark-gray to black, 
irregularly laminated, thin-bedded calcilutite with chert 
interleaves. Examination of thin sections of chips by F. 
Bonet revealed the presence of Rugoglobigerina sp., calci
fied radiolaria, and other unidentifiable fauna.

F55-106. Road cut 350 m. due south of the southernmost tip 
of Lake Tuxpan (sheet 2, quad. J-3). Lava seemingly rest
ing unconformably on the Balsas clastic group, and thus of 
probable middle to late Tertiary age; exact relationship 
was not studied and the rock unit was not mapped separate
ly from the Balsas group. Black, fine-grained, dense, 
porphyritic lava classified on the basis of thin-section 
study by E. Schmitter as olivine basalt; contains olivine 
phenocrysts in a matrix of labrador!te and augite micro- 
lites.

F55-107. Dike at the northwest edge of Tepecuacuilco and 
another dike about 2000 m. northwest of there (sheet 2, 
quad. K-3). Dikes cut the Balsas clastic group; probably 
of middle Tertiary age. Specimens were examined in thin 
section by E. Schmitter, who reported that they consist of 
porphyritic igneous rock with hyalopllitic matrix. One 
contains essential quartz and andesine, but the other lacks 
quartz; mafic constituents are altered to serpentine, chlor
ite, and hydrated iron oxides. The rocks were classified
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as dacite and andesite, respectively.

F56-2. Base of the hill 800 m. N. 7° E. of the road junc
tion at Km. 142 of the Amacusac-Taxco highway (sheet 2, 
quad. G--2). Lower part of the Xochicalco formation; of 
probable Aptian age. Dark-gray to black, generally dense 
calcilutite cut by calcite veinlets and containing leaves, 
nodules, and lenses of chert. Chips examined in thin sec
tion by F. Bonet revealed calcified radiolaria and Rugo- 
globigerina sp.

F56-3. Upland 3500 m. N. 6° E. of the road junction at Km. 
142 of the Amacuzac-Taxco highway (sheet 2, quad. G-2).
Well down in the Morelos formation; of probable middle Al- 
bian age. Very light gray to white calcarenite made up 
largely of biogenic fragments. Examination of chips in 
thin section by F. Bonet revealed the presence of Dictyo- 
conus sp. and algal structures.

F56-4. Hillside 950 m. due east of the road junction at Km. 
142 of.the Amacuzac-Taxco highway (sheet 2, quad. G-2). 
Uppermost part of the Xochicalco formation; of probable 
Aptian age. Dark-gray, dense, partly laminated calcilu
tite with chert nodules and lenses. Examination of chips 
in thin section by F. Bonet revealed the presence of Rugo- 
globigerina sp. and Colomlella mexicana.

F56-II. Low, flat hilltop 300 m. N. 69° W. of Km. 179 of the



Taxco-Iguala highway (sheet 2, quad. 1-1). Topmost beds 
of the Morelos formation; of probable early Cenomanian 
age. Dark-gray dense calcarenlte with abundant foramin- 
ifera, from within 3 m. of the contact of the Morelos for
mation with the overlying Mexcala formation. Chips exam
ined in thin section by E. R. Applin revealed the presence 
of Nummoloculina heimi, Quinqueloculina, several other 
miliolid genera, and a few fragments of Cuneolina sp.

F56-12. Road cut at Km. 177.5 of the Taxco-Iguala highway 
(sheet 2, quad. ^-l). Basal limestone beds of the Mexcala 
formation; of probable latest Turonian or earliest Conla- 
cian age. Black to dark-gray, thin-bedded, laminated cal- 
cilutite from within 30 m. of the contact with the under
lying Morelos formation. Examination of thin sections of 
several chips from the locality by F. Bonet revealed the 
presence of &loblgerlna(?) and other unidentifiable foram- 
inifera.

F56-I3. Road cut at Km. 177.5 of the Taxco-Iguala highway 
(sheet 2, quad. JC-l). Basal limestone beds of the Mexcala 
formation; of probable latest Turonian or earliest Conia- 
cian age. Black, carbonaceous, laminated calcilutite from 
within 10 m. of the contact with the underlying Morelos 
formation. Examination of thin sections of several chips 
from the locality by F. Bonet revealed the presence of G-lo- 
bigerina sp. and parallelly oriented calcified radiolaria.

F56-I9. Road cut near El Ocotito, Guerrero, at Km. 323 of
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the Mexico-Acapulco highway, about 30 km. airline south of 
Chilpanclngo, Guerrero (locality 3 In pi. 3-A); about 115 
km. due south of the edge of the geologic map in plate 1 
and included here because of the pertinent information it 
provides. El Ocotito granite, which intrudes the Morelos 
formation; of probable late Cenomanian age. A radiometric 
age determination of a zircon concentrate by the lead-al
pha method, made by H. ¥. Jaffe and colleagues, gave an 
age of 92 million years. The sample was collected and con
centrated by Z. de Cserna and J. PantoJa-Alor.

F56-20. Road cut near Xaltianguis, Guerrero, at Km. 360 of 
the Mexico-Acapulco highway, about 37 km. airline southwest 
of El Ocotito (see description of specimen F56-I9 and pi. 
3-A); about 140 km. south-southwest of the edge of the ge
ologic map in plate 1 and included here because of the per
tinent information it provides. Xaltianguis granite; of 
probable late Cenomanian age. A radiometric age determina
tion of a zircon concentrate by the lead-alpha method, made 
by H. W. Jaffe and colleagues, gave an age of 94 million 
years. The sample was collected and concentrated by Z. de 
Cserna and J. Pantoja-Alor.

F56-21. Road cuts at the north edge of Acapulco, port on the 
Pacific Ocean about 165 km. by airline south-southwest of 
the edge of the geologic map in plate 1 (see pi. 3-A); in
cluded here because of the pertinent information it pro
vides. Acapulco granite; of probable late Cenomanian age.



A radiometric age determination of a zircon concentrate by 
the lead-alpha method, made by H. \1. Jaffe and colleagues, 
gave an age of 94 million years. The sample was collected 
and concentrated by Z. de Gserna and J. Pantoja-Alor.

F56-27. Road cuts at Km. 129.5 of the Amacuzac-Taxco high
way (sheet 2, quad. 0-3). Tuff from the Tilzapotla rhyo
lite series; of probable late Oligocene or early Miocene 
age. A radiometric age determination of a zircon concen
trate by the lead-alpha method, made by H. W. Jaffe and 
colleagues, gave an age of 28 million years (limits of er
ror may exceed 10 per cent), which is near the Oligocene- 
Miocene boundary.

S56-I6 to 556-18 and 556-24. Along the old logging railroad 
grade about 4 km. N. 20° to 30° E. of Cerro Chichinautzin, 
and 7.5 km. II. 70° E. of Cerro Chi chinaut zin (556-24), be
yond the northern limit of the geology shown in plate 1 
(sheet 1, quad. A-7 and A-8). Lava from Cerro Chichinaut- 
zin, part of the Chichinaut zin basalt series; of Recent age. 
Porphyritic olivine basalt with pilotaxitic to hyalopilltic 
matrix; contains sparse corroded quartz xenocrysts with re
action rims of auglte. Examined in thin section by E. . 
Schmitter; collected by Schmitter and the writer.

556-19 to 556-23. Along the old logging railroad grade be
tween the two points cited under 556-16 to S56-I8 and 556-24, 
above, beyond the northern limit of the geology shown in 
plate 1 (sheet 1, quad. A-7 and A-8 ). Lava from different
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volcanoes, part of the CMchlnautzln basalt series; of late 
Pleistocene age. Examined In t M n  section by E. Schmitter 
and classified as hypersthene basaltic andesite, enstatite 
basalt, olivine-auglte basalt, olivine basalt with inter- 
sertal texture, and olivine basalt, respectively. Collect
ed by Schmitter and the writer.

556-25 to S56-27. Along the old logging railroad grade be
tween points 7.5 km. N. 70° E. of Cerro Chichlnautzin and 
7 km. S. 85° E. of Cerro C M  chlnautzin, beyond the northern 
limit of the geology shown in plate 1 (sheet 1, quad. A-8). 
Lava from different eruptive centers, part of the Chichi- 
nautzin basalt series; of late Pleistocene age. Identified 
in thin section by E. Schmitter as olivine basalt in each 
case. Collected by Schmitter and the writer.

556-28. Road cut near Km. 33 of the Mexico-Cuernavaca toll 
highway, just beyond the northern limit of the geology 
shown in plate 1 (sheet 1, quad. A-6 ). Lava assigned to 
the Chichinautzin basalt series; of late Pleistocene age. 
Identified in thin section by E. Schmitter as olivine bas
alt; collected by Schmitter and the writer.

556-29 to 856-31. High lava front from 1100 m. to 3100 m.
S. 53° W. of Cerro Tuxtepec (sheet 1, quad. A-5). Lava 
assigned to the Chichinautzin basalt series; of Recent age. 
Highly viscous, dome-like extrusion of medium-gray to red
dish porphyritic lava, identified by E. Schmitter as hyp- 
ersthene-hornblende andesite. The rock contains xenocrysts
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of oligoclase-an&esine; hypersthene phenocrysts have re
action rims of hornblende needles. Collected by Schmitter 
and the "writer.

1957
F57-35. Road-metal pit north of the road at the northwest 
entrance to Tlaquiltenango (sheet 2, quad. 0-7). Upper
most part of the Cuernavaca formation; of probable late 
Pliocene or early Pleistocene age. Calcareous, tuffaceous, 
argillaceous, poorly indurated silt interbed in the top
most part of the Cuernavaca formation; sample contains 
diatoms.

F57-42. Junction of the Taxco-Cacahuamilpa-Toluca highway 
with the Cacahuamilpa-Alpuyeca highway at Cacahuamilpa, 
about 2.5 km. beyond the edge of the geologic map (sheet 2, 
quad. F-3), due north of Km. 138 of the Amacuzac-Taxco 
highway. Lowermost beds of the Hexcala formation; of 
probable late Turonian age. Thin-bedded, dark-gray, high
ly calcareous and carbonaceous siltstone or silty calcilu- 
tite from within 3m. above the contact with the thicker- 
bedded, dense calcarenite; contains very sparse and poorly 
preserved microfauna, which was studied in thin section by 
E. R. Applin and identified as consisting of Praeglobotrun- 
cana delrioensls(?), Gumbelina (? ) sp., G-loblgerina(? ) sp., 
and possibly Stomiosphaera(?).

F57-43. Junction of the Taxco-Cacahuamilpa-Toluca highway
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with the Cacahuamilpa-Alpuyeca highway at Cacahuamilpa, 
about 2.5 km. beyond the edge of the geologic map (sheet 
2, quad. F-3), due north of Km. 138 of the. Amacuzac-Taxco 
highway. Topmost beds of the Cuautla formation, of prob
able Turonian age. These beds are somewhat different in 
facies from the normal Cuautla formation in the area mapped 
because they lack the characteristic macrofauna. The mi
cro fauna is distinct from that of the underlying Morelos 
formation, however; it was studied in thin section by E.
R. Applin, who identified the following forms: Planulina
sp. close to Planomallna opsidostroba Loeblich and Tappan, 
Ammotlum braunsteini(?) (Cushman and Applin), Ammobaculi- 
tes sp. close to A. cuylerl Tappan, small Masslllna. small 
and large Quinqueloculina, Trlloculina sp., small Globo- 
truncana(?). and fragments of Cuneolina(?) or Dicyclina(?).

F57-44. Road cut just under basalt on old road from Miacat- 
lan to Palpan and Chalma, about 300 m. east of Palo Grande, 
or 7 km. N. 42° V7. of Km. 14 of the Alpuyeca-Cacahuamilpa 
highway at the northeast edge of Miacatlan (sheet 1, quad. 
E-4); beyond the limit of the geology shown in plate 1, but 
included here because of the pertinent information it pro
vides. From about 150 m. above the base of the Mexcala 
formation; of Coniacian age. Medium-gray shale interbeds 
in a calcareous shale-siltstone-sandstone sequence in the 
lower part of the formation; sample was washed and studied 
by F. Bonet and colleagues, who reported the following
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fauna: Globotruncana lapparenti Bolli, Globotruncana
rosetta (Carsey), Globotruncana sp., and Globlgerina sp.

F57-48. Quarries at Kin. 155 of the Amacuzac-Taxco highway, 
on the west side of the road (sheet 2, quad. H-2). Basal 
part of the Tilsapotla rhyolite series; of probable late 
Oligocene or early Miocene age. Black "pitchstone" com
posed of andesite fragments and fayalite, diopside, and 
andesine crystals, set in a partly devitrified welded da- 
citic glass; matrix is made up of welded, collapsed shards 
and pumice fragments with a refractive index of about 1.51 
and containing by analysis 69 per cent silica (pi. 8rEj 
pi. 9-C and -E). Examined by C. S. Ross and the writer.

F57-49. Quarries at Km. 155 of the Amacuzac-Taxco highway, 
on the west side of the road (sheet 2, quad. H-2). Basal 
part of the Tilzapotla rhyolite series; of probable late 
Oligocene or early Miocene age. Reddish-brown to light- 
brown, mottled, dense, devitrifled welded dacitic tuff 
from a layer 10 to 15 m. thick above the "pitchstone" des
cribed under specimen F57-48 (pi. 9-B). Phenocrysts are 
andesine, up to 1 mm. in length, and deep-brown altered 
augite(?) or pigeonite(?), together with much opaque iron 
ores. Dark lentils are fan-like feldspar aggregates in a 
lighter-colored devitrifled matrix. The rock may be and
esite or dacite.

F57-50. Quarries at Km. 155 of the Amacuzac-Taxco highway, 
on the west side of the road (sheet 2, quad. H-2). Basal



part of the Tilzapotla rhyolite series; of probable late 
Oligocene or early Kiocene age. Dark-pink, coarse-grained, 
dense, almost totally devitrifled welded rhyolite tuff. 
Phenocrysts make up about 40 per cent of the rock, consist 
of quarts, andesine, sanidine, and biotite, with opaque 
grains of iron ore which may have been augite (pi. 8-E and 
pi. 9-D and -F). Shards are compressed and conform to the 
outlines of the phenocrysts and lithic fragments. Quarts 
crystals are up,to 3 mm. long, and biotite is as long as 
0.5 mm.

F57-58. River bed 600 m. it. 72° E. of Taxco Viejo (sheet 2, 
quad. 2-1). Taxco schist series near an unconformable 
contact with the overlying I-Iexcala formation; of probable 
late Paleozoic age. Light-gray, fine-grained, dense seri- 
citic schist (pi. 8-D and pi. 9-A). Matrix consists of 
sericite with finely crystallized feldspar, contains scat
tered twinned plagioclase crystals, possibly oligoclase, 
as well as embayed and roundish quartz grains, but no rec
ognizable mafic constituents except possibly iron ores. A 
rude "bedding" cuts across the foliation at an angle of 
20-25° and may represent the original stratification. The 
rock also contains irregular elongated lentils of crypto
crystalline quartz-feldspar aggregates up to 1 mm. long.
It was probably originally a fine-grained crystal-lithic- 
vitric rhyolite tuff. Compare with specimen F-71-54.
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List of samples collected from the rock formations 
in the area mapped and cited in the text

Taxco
schist
series

faxco Vie
jo green 
volcanic 
series

Xochicalco
formation

Morelos
formation

Cuautla
formation Mexcala

formation

F-71-54 F-67-54 F55-77 F-5-50 F-12-50 F-20a-50F57-58 93 18 13 21
97 25 22 33104 38 23 53F56-2 F-19-52 34 574 F-25-53 44 5926 45 60

27 63 61
28 83 ; 67F-6-54 F-23-53 68.
7 F-4-54 90
15 12 91
29 22 92
37 23 F-l-5341 31 2 to

: 54 33 15
65 64 1768 66 18

F55-H F55-4 22
12 13 F-20-54

; 15 42 28
31 48 F55-1038 F57-43 18
39 49
53 68
67 70
79 | 81
92 : 96100 F56-12

156-3 1311 F57-42
44



308

List of samples collected from the rock formations 
in the area mapped and cited in the text—  Continued

Balsas
clastic
group

Tilzapotlarhyolite
series

Tepoztlan
formation Buenavistavolcanic

series
Undiffer
entiated
volcanic
series

Zempoala
andesite
series

F-35-54-36
47F55-21
22
24
3340
78

255-16
61

356-27257-48
4950

255-4358 255-1980
83
85

F-42-54 
43255-106

255-60

Cuernavaca
formation

Chichinaut- 
zln basalt 
series

Basic
stocks
and
dikes

Granitic
stocks

F-32-50 F-l-50 F-7-50 F55-52
F-45-54 3 F-21-54 86
257-35 4 255-20 9110 26 94

87 35 95F-34-54 62 9950 84 256-19
255-59 107 20356-16 21
to 31
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PLATE 4

OBLIQUE TEIiiSTROGON AIR PHOTOGRAPH LOOKING N. 33° E. FROM 
A POSITION ABOUT 4 KM. SOUTH OF THE AMACUZAC RIVER

Note the three lakes--TequeBquitengo, Coatetelco, and El Ro
deo— that occupy poljes in the Cuernavaca formation, of Pli
ocene age; the poljes were formed by solution of the underly
ing calcareous Cretaceous rocks. The Amacuzac River, in the 
lower right corner of the photograph, has an altitude of a- 
bout 835 m. above sea level, in contrast to Popocatepetl Vol
cano in the upper right comer, which rises to 5452 m., giv
ing a total relief of 4617 m. The ridge from Popocatepetl 
westward to Cerro Zempoala consists of the Chichinautzln bas
alt series, of Pleistocene age, which cuts off drainage from 
the north and formed the endoreic Mexico Basin. Cerro Chi- 
chinautzin has an altitude of 3476 m. arid is one of the high 
peaks in the Pleistocene Neo-volcanlc Belt that traverses 
Mexico from west to east at this latitude. The foreground 
of the photograph lies south of the volcanic belt, and the 
Mexico Basin (beyond Cerro Chichinautzin) lies in the north
ern part of the belt. This volcanic belt, mainly of Pleis
tocene age, here forms the southern border of the Mexican 
Highlands and the northern border of the Balsas Basin physio
graphic province, of which the area mapped forms a part. 
(Photograph taken by the U. 9. Air Force. For comparison, 

refer to the geologic map in plate 1.)
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PLATE 5
OBLIQUE TRIMETROGON AIR PHOTOGRAPH LOOKING H. 33° E. PROM 

A POSITION ABOUT 4 KM. SOUTH OF XICOTLACOTLA ON THE AMACUZAC RIVER
The altitude at the Junction of the Amacuzac and Chinameca 
Rivers la about 775 m., in contrast to the top of Popocate
petl Volcano, which is 5452 m. above sea level. The hills 
between the Araacuzac River and the city of Cuautla, to the 
northeast, are composed largely of Cretaceous rocks. (For 
geologic details, refer to the geologic map in plate 1 and 
the structure sections in plate 3-B. Photograph taken by

the U. S. Air Force.)
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PLATE 6

OBLIQUE TRIMETROGON AIR PHOTOGRAPH LOOKING S. 33° V. FROM 
A POSITION ABOUT 5 KM. NORTH OF SANTA FE ALONG THE 

AHACU2AC- IGUALA TOLL ROAD
The toll road generally marks the zone of contact between the 
rounded hills of Cretaceous rocks on the right, and the clas
tic and volcanic rocks of Cenozolc age on the left. This re
gion drains southward to the great Balsas River, which lies 
on the near side of the mountain range on the horizon and is 
oriented east-west. The mountains form the northern part of 
the Sierra iladre del Sur, which lies south of the Balsas Riv
er, The river flows westward to the Guerrero-IHchoacan State 
boundary line, where it turns sharply southward and empties 
directly into the Pacific Ocean. (For geologic details, re
fer to the geologic and structure maps in plates 1 and 3-B.

Photograph taken by the U. S. M r  Force.)
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PLATE 7

OBLIQUE TRIHETROC-OIi AIR PHOTOGRAPH LOOKING S. 33° V7. FROM 
A POSITION ABOUT 4 KM. NORTH OF ACUITLAPAN 

ON THE AMACUZAC-TAXCO HIGlr.v'AY
The rounded hills on the left are composed of Cretaceous lime
stone i the right side of the photograph, from the foreground 
to as far south as Taxco, consists of Tertiary clastic and 
volcanic rocks. Beyond Taxco are folded Lower and Upper Cre
taceous rocks of the Morelos and Ifexcala formations. Drain
age from this entire region is southward to the great west- 
flowing Balsas River, which lies on the near side of the moun
tain range on the horizon, which is the northern part of the 
Sierra Madre del Sur. This region is part of the Balsas Ba
sin physiographic province. (For geologic details, refer to 
the geologic and structure maps in plates 1 and 3-B. Photo

graph taken by the U. S, Air Force.)
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PLATE.8

PHOTOMICROGRAPHS OF LOW-GRADE SCHISTS AMD WELDED TUFFS
A, Chloritized calcitic andesite greenstone from the Taxco 
Viejo green volcanic series. Original rock was probably a 
coarse-grained, andesitic, lithic tuff. Tuffaceous and 11- 
thic fragments are compressed and calcite is recrystallized; 
these features and development of chlorite indicate a very 
low grade of dynamic metamorphism. High calcite content of 
matrix suggests marine deposition. Specimen F-67-54; plane- 
polarized light.
3, Rock from same formation as A, but finer in grain size and 
with greater proportion of calcite (light matrix). Specimen 
F-67-54; plane-polarized light.
C, Low-grade serlcltlc schist from the Taxco schist series. 
Note relict embayed igneous quartz crystal in upper left 
corner of photograph. Rock appears to be made up of lithic 
fragments and some quartz and feldspar crystals, suggesting 
that it was originally a crystal-lithic rhyolite tuff. Dark 
veinlet consists of supergene hydrous iron oxides. Specimen 
F-71-54; plane-polarized light.
D, Very fine grained serlcltlc schist from the Taxco schist 
series. Mote embayed quarts crystal in lower right corner 
of photograph. A faint bedding appears to form a 20° angle 
with the schlatosity. Original rock was probably a fine
grained rhyolite tuff. Specimen F57-58; plane-polarized light.
E, Devltrlfied, welded, coarse-grained, crystal-11thic-vlt- 
ric rhyolite tuff from the Tilsapotla rhyolite series.
Shards and pumice fragments are collapsed and bent around 
crystals and lithic fragments. Specimen F57-50; plane-pol
arized light.
F, Black “pitchstone", or welded, crystal-lithic-vitrlc da- 
cite tuff, from base of Tilzapotla rhyolite series. Pumice 
fragments are collapsed and bent around dlopslde, fayalite, 
and andeslne crystals. Incipient devitrification has at
tacked the glass. Specimen F57-48; plane-polarized light.
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PHOTOMICROGRAPHS OF LOW-GRADE SCHIST AMD WELDED TUFFS
A, Same rock as in plate 8-Dj embayed igneous quarts crys
tals appear in a fine-grained sericite schist from the Tax- 
co schist series. Original rock ■was apparently a rhyolite 
tuff. Specimen F57-58; plane-polarized light.

B, Fine-grained, banded, almost totally devitrifled, welded 
crystal-vitric-lithlc daclte tuff from the lower part of 
the Tllzapotla rhyolite series. Black veinlets are super- 
gene hydrous iron oxides. Specimen F57-49; plane-polarized 
light.
C, Same rock as in plate 8-F; fayallte crystal wrapped in 
welded collapsed pumice fragments. Specimen F57-48; plane- 
polarized light.
D, Same rock as in plate 8-2; devitrifled, welded, fine
grained, crystal-vitric-lithlc rhyolite tuff from the low
er part of the Tllzapotla rhyolite series. Specimen 157-50; 
plane-polarized light.

E, Same rock as in C, above; collapsed and welded pumice 
fragments and shards wrap around fayallte crystal. Speci
men F57-48; plane-polarized light.
F, Same rock as in D, above; specimen F57-50; plane-polar
ized light.
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PLATE 10

A, 14111 olid-bearing calcarenite, largely dolomitized, from 
the upper part of the Morelos formation. Black veinlets 
consist of calcite fillings of tectonic fractures. Dark- 
gray roundish grains are miliolids and calcareous pellets, 
all composed of cryptocrystalline calcite. Light-gray to 
whitish matrix consists of fine-grained dolomite. Speci
men F55-39; print of acetate peel of polished surface 
etched with dilute hydrochloric acid.

B, Rudistid coquina from the upper part of the Morelos for
mation, partly dolomitized. Fine-grained gray matrix con
sists of calcilutite and is composed of cryptocrystalline 
calcite. More coarsely crystallized material consists of 
eroded fragments of rudistids which have been replaced by 
dolomite. Specimen F55-15; print of acetate peel of pol
ished surface etched with dilute hydrochloric acid.
C, Nearly completely dolomitized limestone from the upper 
part of the Morelos formation. Dark veinlets are calcite 
fillings of tectonic fractures. Very dark gray dots con
sist of calcite matrix, the rest being dolomite. Specimen 
F-68-54; print of acetate peel of polished surface etched 
with dilute hydrochloric acid.
D, Highly dolomitized limestone from the Morelos formation. 
Dark matrix is unreplaced calcite. Dolomite forms about 
80 per cent of the rock. Specimen F-54-54j print of ace
tate peel of polished surface etched with dilute hydrochlor
ic acid.

PHOTOGRAPHS SHOWING TEXTURE OP D0L0MITI2ED LIMESTONE
FROM THE MORELOS FORMATION
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PLATE 11

A, Ml11olid-bearing calcarenlte with sections of partly sil- 
icified shells of Toucasla sp. from the upper part of the 
Morelos formation. The foramlnifera may be seen with a 
hand lens. The thin rudistid shell (Toucasla) is composed, 
of calcite, except where silica has replaced it irregular
ly (structureless black patches); the shell is somewhat a~ 
braded. Tectonic fractures are healed by calcite (dark- 
gray veinlets). Note pointed keel of Toucasla in lower 
right corner. Specimen F-6-54; print of acetate peel of 
polished surface etched with dilute hydrochloric acid.
B, Very fine grained miliolld-bearlng calcarenlte from the 
uppermost 10 m. of the Morelos formation. Abundant indi
viduals of Nummolocullna helm! Bonet may be seen with a 
hand lens, as well as other foramlnifera. Tectonic frac
tures are healed by calcite. Rock is not dolomitized. 
Specimen F55-3Q; print of acetate peel of polished surface 
etched with dilute hydrochloric acid.
C, Irregularly dolomitized limestone from the upper part of 
the Morelos formation. Black matrix la unreplaced cal
cite j the rest is dolomite. Rock contains about 75 per 
cent dolomite. Specimen F-38-50; print of acetate peel of 
polished surface etched with dilute hydrochloric acid.
D, Mottled, Irregularly dolomitized limestone from the up
per part of the Morelos formation. The dark patches are 
unreplaced cryptocrystalline calcite, and the light patches 
are nearly completely replaced by dolomite. The rock con
tains some 40 per cent dolomite. Tectonic fractures are 
healed by calcite (dark-gray velnlets). Original sediment 
was a fine-grained calcarenlte containing much comminuted 
biogenic matter. Specimen F-37-54; print of acetate peel 
of polished surface etched with dilute hydrochloric acid.

PHOTOGRAPHS SHOWING TEXTURE OF LINESTONE AND DOLOMITE
FROM THE MORELOS FORMATION
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PLATE 12

A, Calcarenlte from the upper part of the El Ahra formation 
in the quarries along the railroad east of Ciudad Valle®, 
easternmost San Luis Potosf, a well known "reference" lo
cality. This is equivalent in age and lithology to the up
per part of the Morelos formation, although It lies 350 km, 
to the north and is not connected by continuous outcrops. 
Note with a hand lens the abundant individuals of Nummolo- 
culina helml Bonet, which characterizes the upper part of 
both the El Abra and Morelos formations. Dark matrix is 
clear calclte. Specimen F-19-52? print of acetate peel of 
polished surface etched with dilute hydrochloric acid.

B, Miliolld-bearing calcarenlte from the top of the Morelos 
formation. Note with a hand lens the abundant individuals 
of Nummolocullna helml Bonet and Dlcycllna schlumbergeri 
Munier-Chalmas, which characterize this part oi the fonna- 
tion and indicate an early Cenomanian age. Specimen 
F-7-54; print of acetate peel of polished surface etched 
with hydrochloric acid.
C, Miliolld-bearing calcarenlte with partly sllicifled ru- 
distid fragments from the upper part of the Morelos forma
tion. Note with a hand lens the foramlnlfera and the in
complete siliclflcatlon of the calcareous shell matter, 
with destruction of shell texture and structure. The sili
ca appears lighter in color in this print than the black, 
clear calclte. Specimen F-5-50; print of acetate peel of 
polished surface etched with dilute hydrochloric acid.
D, Miliolld-bearing calcarenlte with a partly sllicifled, 
abraded fragment of Ostrea sp. Note with a hand lens the 
irregular siliclflcatlon of the calcareous shell matter and 
destruction of the shell texture. Dark-gray veinlets are 
calcite-fllled tectonic fractures. Specimen F-25-53; print 
of acetate peel of polished surface etched with dilute hy
drochloric acid.

PHOTOGRAPHS SHOWING TEXTURE OF LIMESTONE FROM
'■-THE MORELOS FORMATION
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PLATS 13
PHOTOGRAPHS SHOWING TEXTURE
fro:: the morelos foriiation,

COIIGLOMEILATE FROM THE
OF DOLOMITIZED LIMESTONE 
AND A BASAL CARBONATE 
CUAUTLA FORMATION

4
4

A, Partly Billclfied and partly doloraitised rudlotid frag
ments In slightly dolomitised calcarenite from well down in 
the Morelos formation. Both silica and magnesia replaced 
selectively the carbonate of the rudistid shells, rather 
than that of the calcarenite matrix. Specimen F55-31; 
print of acetate peel of polished surface etched with di
lute hydrochloric acid.

B, Thoroughly dolomltlzed bed in the Morelos formation, 
shattered by tectonic movements and re-cemented by clear 
calcito (black), giving a brecciated "pavement" appearance 
to the rock in outcrop. Specimen P-51-54; print of ace
tate peel of polished surface etched with dilute hydro
chloric acid.
C, Very fine grained carbonate conglomerate forming basal 
beds of tho Cuautla formation. Carbonate grains are sub- 
angular to rounded and consist mainly of limestone and 
calcito, but some are of dolomite and rare grains are of 
chert. Some pebbles contain foramlnifera characteristic 
of the Morelos formation. Cementing matter is clear cal- 
clte (dark matrix). Conglomerate constituents were eroded 
from various beds in the upper part of the Morelos forma
tion. Specimen F-33-54; print of acetate peel of polished 
surface etched with dilute hydrochloric acid.

D, Sane specimen as C, above, but enlarged. Note with a 
hand lens the foramlnifera in the largest pebble (letter 
"y"). Specimen F-33-54; print of acetate peel of polished 
surface etched with dilute liydrochloric acid.
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PLATE 14

A, Basal carbonate clastic bed from the Cuautla formation, 
composed largely of dolomite grains eroded from the More
los formation. Grains are subangular to subrounded and 
consist of finely crystallized, turbid dolomite of various 
shades of gray to brown. Cement is clear calcite (black 
matrix). Specimen P55-4; print of acetate peel of polished 
surface etched with dilute hydrochloric acid.

B, Same surface as A, above, but strongly etched with hydro
chloric acid to emphasize calcite matrix (black). Grains 
"y" and "z" are common to both A and B. Note ragged border 
of-many grains, owing to new crystallisation of dolomite a- 
round clastic grains. Specimen F55-4; print of acetate peel 
of polished surface strongly etched with dilute hydrochlor
ic acid.
C, Crushed specimen of Hinnurltes resectus var. mexicanus in 
calcllutlte from the upper part of the Cuautla formation.
The three prongs extending toward the central chamber are 
characteristic of Hinnurltes in transverse section near the 
top of the larger valve. 2Ee matrix is composed of carbon
ate grains and fragments of biogenic matter. Specimen la 
not sillclfied. Compare with photograph in plate 17-B. 
Specimen F-23-54j print of acetate peel of polished surface etched with dilute hydrochloric acid.
D, Section of shell of Toucasia sp. in calcarenite from the 
lower part of the Cuautla formation. Note with a hand lens 
the texture of the unsillcifled shell. The matrix is com
posed of biogenic grains and unidentifiable microfauna. 
Millolids characteristic of the Morelos formation are total
ly lacking in the Cuautla formation, except in the lower
most beds as clastic grains eroded from the Morelos forma
tion. Dolomite is rare to absent in the Cuautla formation* 
Specimen F-63-50; print of acetate peel of polished surface 
etched with dilute hydrochloric acid.

PHOTOGRAPHS SHOVING TEXTURE OF BASAL CALCARENITE AND
RUDISTID LIMESTONE FROM THE CUAUTLA FORI^iTION
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PLATE 15

PHOTOGRAPHS SHOWING TEXTURE OF SEDIMENTARY ROCKS 
FROM THE CUAUTLA AND HEXCADX FORl'ATIOHS 

AND THE BALSAS CLASTIC GROUP
A, Basal argillaceous calcarenite from the Hexcala formation. 
Note with a hand lens the sheared zone crossing the photo
graph diagonally. This and later tectonic cross fractures 
are healed by calcite. Rock contains rare specimens of Pi- 
thonella ovalis(?) and Calcisnhaerula(?) op.; fish scales 
are also present. Specimen P-28-54; print of acetate peel 
of polished surface etched with dilute hydrochloric acid.

B, Partly silicified coral colony of the genus Columastrae- 
a(?) from the upper part of the Cuautla formation. Matrix: 
Is calcllutlte or calcarenite, with some biogenic fragments. 
Mote tectonic fractures cemented by calcite (black vein- 
lets). Specimen F-83-50; print of acetate peel of polished 
surface etched with dilute hydrochloric acid.
C, Subrounded to angular fanglomerate from the Balsas clas
tic group, comnosed of limestone, dolomite, and chert ero
ded from*the Cretaceous formations. Mote great variety of 
carbonate grains. Matrix is mixture of clay, calcite, and 
iron oxides. Specimen F-36-54; print of acetate peel 
etched with dilute hydrochloric acid.

D, Same surface as C, above, but enlarged. Mote that "y" Is 
the same grain in both C and D. This fanglomerate Is •pest- 
tectonic, as indicated by the calcite-healed tectonic frac
tures in some of the grains. The rock is firmly cemented 
by calcite. Specimen F-36-54; print of acetate peel etched 
with dilute hydrochloric acid.
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PLATE 16
PHOTOGRAPHS OF RUDISTIDS III LEATHERED OUTCROPS OF 

THE CUAUTLA FORILXTION
A, Tranoverae and longitudinal sections of Individuals of Du- 
rania cornu-pas tori a in weathered outcrop of the upper parE 
of the duautla formation. Note the nearly medial longitud
inal section of the individual in the upper right corner, 
showing the thick wall and living chamber of the larger 
valve, and the nearly flat operculum-like smaller valve in 
place. Shell texture and structure are not visible because 
of the great photographic enlargement. A transverse sec
tion near the top of the larger valve of another individual 
appears near the center of the photograph, showing the char
acteristic cross-section of the living chamber. Shells are 
in a biostrome of this species, together with other rudist- 
ids and some gastropods.

E, Variously oriented sections through individuals of sever
al species of rudlstids in weathered outcrop of the upper 
part of the Cuautla formation. The massive, dark-gray un* 
slliclfied rudlstids are individuals of Durania comu-pas- 
toris. Host of the slliclfied elongated individuals, iBEe 
those in the upper and lower right comers, are of the spe
cies Hlppurltes resectus var. mexlcanus. Other elongated 
slliclfied shells represent species ofthe genus ~
Hear the bottom and in the lower left comer are ___
through Toucasla sp. Host of these shells were abraded by 
wave action before deposition but must be very near to the 
place where the animals actually lived.
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PLATS 17
PHOTOGRAPHS OF RUDI5TIDS III WEATHERED OUTCROPS OF 

THE CUAUTIA FORI ATI OH
A, Biostrome of sillcifled individuals of Toucasia sp. These 
are disarticulated and consist almost wholly of the larger, 
left valve. The smaller, inconspicuous, nearly flat, oper
culum-like right valve is not distinguishable in the photo
graph. This particular species forms biostromes in the low
er part of the Cuautla formation and is present together 
with Hi-ppurites resectus var, mexicanus in some beds.
B, Transverse section near the top of a colony of Individuals 
of Hippurites resectus var. mexicanus. as it appears in a 
weathered outcrop in the middle part of the Cuautla forma
tion. The shells are nearly completely sillcifled, and 
nearby individuals retain in place the nearly flat, opercu
lum-like right valve. This species occurs in biostromes of 
colonies and separate individuals, and is associated with 
Herlnoa op., /.ctaeonella sp., Durania comu-pastorls. two 
or three species of Radiolltes, and perhaps two other spe
cies of Hippurites,
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PLATE 18

PHOTOMICRCXxRAPIIS OF SEDIMENTARY ROCKS FROM THE 
MEXCAIA FORI-2ATION, THE BALSAS CLASTIC GROUP, AND 

THE CUERI2AVACA FORMATION
A, Fine-grained subgraywacke from well up In the Mexcala for
mation. The rock Is composed of grains of limestone, cal- 
clte, quarts, chert, feldspar, and ferromagneslan minerals 
altered to chlorite and iron ores. Cementing matter ie 
mainly calcite. Specimen F55-18; plane-polarised light,
B; Fresh-water limestone or travertine from the Cuernavaca 
formation; composed of irregular, generally curved frag
ments of turbid, cryptocrystalline calcite stained with hy
drous iron oxides, in a matrix of clear, coarser-grained 
calcite. The rock is vuggy and has some 20 per cent pore 
space. It was probably formed by lime accumulation on 
plant stems and roots, which were subsequently eliminated 
by oxidation. Specimen F-32-50; plane-polarized light.
C, Fine-grained subgraywacke from near the base of the Meac- 
cala formation; detrital dolomite and limestone grains make 
up the greater part of the rock, quartz forming only hbout 
15 per cent. Feldspar and mica crystals are rare, and 
chlorite replaces the relatively few mafic constituents. 
Specimen F-21-50; plane-polarized light.

D, Non-marine gypsum interbedded with clastic beds of the 
Cuernavaca formation. Pellet-like clear areas are coarsely 
crystallized pure gypsum; surrounding material is more fine
ly crystallized and contains calcite dust and probably some 
clay. Calcite makes up about 15 per cent of the rock. Pre
cipitation occurred in a lake probably no more than a few ki
lometers In length. Specimen F-45-54; plane-polarized light!

E, Carbonaceous si It stone from the lower part of the Mexcala 
formation. The rock consists dominantly of quartz and con
tains less limestone, feldspar, and altered mafic constitu
ents, with carbonaceous grains (black graphite(?)) in rude 
layers. It is finely cross-bedded. Dynamic metamorphism has 
recrystallized some constituents and developed a little chlo
rite and oericite. Specimen F55-10; plane-polar!zed light. ~
F, Globular-like grains of opaline silica in non-marine gyp
sum interbedded with clastic beds of the Balsas clastic 
group. This appears to be a dense chert nodule in hand spe
cimen, but it actually has a matrix of gypsum. Specimen F55-40; plane-polarized light.
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PIATE 19

PHOTOMICROGRAPHS OF ANDESITE FLOW ROCKS AMD RHYOLITE TUFF
:A-E, Examples of andesite flow rocks taken from blocks that 

make up the Tepoztlan formation. Host of these andesites 
contain both amphibole and pyroxene. In some the f err ©mag
nesian minerals have been partly chloritised, and in others 
the alteration has produced much iron ore. The feldspars 
are generally andesine, but some phenocrysts have labrador- 
ite cores and more sodic borders. Thin sections of eight 
other blocks from this formation were also all of andesite 
Specimens F55-43A, F55-&3&, F55-43B, F55-43J, and F55-43D, * respectively; plane-polarized light.
F, Crystal-lithic rliyollte tuff with some devitrifled glass 
shards, from the upper part of the Balsas clastic group.
Mote frayed and bent biotlte crystals. This tuff differs 
from the welded tuffs in plate 8-E and plate 9-D and -F, Xn 
lacking collapsed and bent shards and in containing bent 
biotlte crystals. It was probably air deposited, although 
it may have been re-worked by water. Specimen F-35-54; 
plane-polarized light. f
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MATE 20
FH0T0I-IICR0GRAPH5 OF INTRUSIVE DIABASE AND BASALT FLOW ROCKS

A, Altered diabase from small stock penetrating the Mexcala 
formation. Note completely altered pyroxene crystals, com
posed mainly of iron ores and chlorite. Matrix consists of 
labradorite microlites and auglte grains. Chlorite per
vades the rock, probably as a late deuterlc product. Some 
calcite occurs in altered feldspar phenocrysts. Specimen F55-26; plane-polarised light.

B, Altered diabase from small stock penetrating the Balsas 
clastic group. Similar to A, above, but pyroxene pheno
crysts are smaller and less abundant. Rock Is permeated by 
chlorite; matrix auglte grains remain unaltered. Specimen 
F55-35 5 plane-polarized light.
C, Diabase dike cutting the Morelos formation. Texture i@ 
porphyrltlc and pilotaxltlc. Rock contains altered olivine 
phenocrysts composed mainly of nontronlte(?) and calcite. 
Mafic matrix constituents consist of hypersthene and aug
lte, some of which are altered to nontronite(?). Plagio- 
clase microlites are "bytownite. Specimen F-21-54; plane- 
polarized light.

■

D, Basalt flow rock interbedded with clastic beds of the Bal
sas clastic group. Rock has porphyrltlc and ophltic tex
ture. Mafic phenocrysts were probably olivine but are now 
reddish-brown iddingsite(?). Mafic matrix mineral is aug
lte. Chlorite replaces much mafic material and pervades 
rock, even in fractures in feldspars. Feldspar microlites 
are labradorite. Specimen F55-21; plane-polarized light.
E, Fine-grained olivine basalt from the Cerro de la Corona 
volcanic neck, which cuts the Cretaceous rocks. Rock has 
porphyrltlc and pilotaxltlc texture. Phenocrysts are hyp
ersthene and olivine, the latter completely altered to non- 
tronite(?), which also pervades the rock and replaces the 
mafic matrix constituents. Feldspar microlites are labra
dorite. Specimen F-7-50; plane-phlarlzed light.
F, Basalt flow rock from the lower part of the Balsas clas
tic group. Rock has porphyrltlc and pilotaxltlc texture* 
Phenocrysts are augltej dark-brown hornblende xenocrysts(7) 
are present, as shown in the lower right corner of the pho
tograph, where the hornblende has been almost entirely 
plucked out, leaving only shreds along the sides. These 
xenocrysts have reaction rims of clusters of tiny auglte 
crystals. Feldspar microlites are labradorite. Chlorite 
permeates the rock. Specimen F55-22; plane-polarized light*
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HATE 21
PH0T02II CR03RA.PH3 OP DACITE, ANDES ITS, AND BASALT FLOW ROCKS

A, Porphyrltlc daclte from the Undifferentiated volcanic aer
ies of middle Tertiary age. Large crystal seems to b© a xe- 
nocryst of andesine, with a more calcic border. Feldspar 
microlites are labrador!te. Mafic constituents are altered 
to nontronlte(?) and iron ores. Quarts occurs rarely. Spe
cimen P-42-54; plane-polarised light.

B, Olivine and hypersthen© basalt from the upper part of the 
Balsas clastic group. Host of the olivine has gone to id- 
dingsite and serpentine. Hypersthene occurs as phenocryots 
with altered olivine and feldspar; augite is disseminated 
through the matrix. Feldspar phenocrysts are as calcic as 
bytownito, but microlites are labradorlte. Chlorite is com
mon in the matrix. Specimen F55-24; plane-polarized light*
C, Porphyrltlc daclte similar to A, above, from the same area. 
Crystal on the right is quartz. Specimen F-43-54; plane-po-* larized light.

D, Porphyritic andesite dike rock cutting the Tllzapotla rhy
olite series. Rock contains a few scattered phenocrysts of 
highly altered hornblende, like that at the bottom of the 
photograph. Matrix is devitrifled glass with labradorlte 
microlites. Specimen F55-20; plane-polarized light.
E, Daclte flow rock from the base of the Buenavlsta volcanic 
series. Rock contains abundant hornblende tablets, altered 
largely to iron ore. Feldspar microlites are labradorlte, 
embedded in a nesostacis of devitrlfied(?) glass. Specimen 
F55-19; plane-polarized light.

F, Iddlngsite basalt overlying or interbedded with the Bal
sas clastic group. Rock contains rare scattered quartz 
grains. Olivine phenocrysts liave gone to iddlnslte and 1- 
ron ore. Feldspar microlites are labradorlte. Matrix con
tains prisms of augite and hypersthene(?), Chlorite is pres
ent in minor amount. Specimen F55-33; plane-polarized light.
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PUTS 22
PHOTOMICROGRAPHS OF OLIVINE BASALT FLOlt ROCKS

A, Olivine basalt from the Chichinautzin basalt series. Part 
of the olivine is altered to iddingsite. Feldspar micro- 
lltes are bytownite. Matrix contains a little glass and a- 
bundant scattered grains of augite. Specimen F-34-54; plane- 
polarized light.
E, Olivine basalt from the Chichinautzin basalt series. Pil- 
otaxitic texture characterizes the groundmss, which con
tains abundant scattered augite grains. Rims of serpentine 
surround most of the olivine phenocpysts, but rock generally 
shows little alteration. Feldspar nicrolites are labrador- 
ite. Specimen F-l-50; plane-polarized light.
C, Olivine basalt from the CMchinautzin basalt series. Ol
ivine and pyroxene phenocrysts are present, the former al
tered to Iddingsite around the rims, and the latter altered 
to dark-brown pigeonite(?). Feldspar microlites are bytown
ite and occur with augite grains. Specimen F-10-50; plane- 
polarized light.
D, Olivine and augite basalt from the Chi cMnautzin basalt 
series. Both olivine and augite occur as abundant pheno
crysts and are generally fresh. The rock has a porphyritic, 
pilotaxitic texture. Matrix feldspar microlites are labrad- 
orite and occur with abundant augite grains. Rock is fresh 
and unaltered. Specimen F-50-54; plane-polarized light.
2, Olivine basalt from the Chlchinautzln basalt series. Ol
ivine phenocrysts make up about one-fourth of the rock and 
are perfectly fresh. Rock has porphyritic and opMtic to 
pilotaxitic texture. Feldspar microlites are labrador!te 
and occur with abundant augite grains. Specimen F-4-50; 
plane-polarized light.
F, Olivine basalt from the CMcMnautzln basalt series. Rock 
contains glomerophenocrysts of olivine and some plagioclase. 
Texture is porphyritic, hyalopilitic. Groundmass feldspar 
microlites are bytownite to labradorlte and occur with abun
dant augite grains. Rock is generally fresh. Specimen 
F-3-50; plane-polarized light.



PLATE 22

I



PLATE I SHEET I

1 9 * 0 5 '

B

19*00'

1 8 *5 5 '

1 8 * 5 0 '

/
Tomz

C o p u ^  ^
/

/ X
Qcbd Qcb

xQcb
omz

> < /U j

W 'o:
*z ° -

> ■
\ r ° L o s  Rcn'cts

i x
„y /

1 \
Tomz / Qcbd

j

L WCOC ,.y  x  c° Tioyo

;  '^ ^ ''Z % 0 _ F E 0 E R A L
&Port„ue,oQCb yyf6 Qcb

( > K ■
r  /a

Tomz

V- Qcbd

4 y

/  
X Qcb

E |
\

> XWm
Qcb /T o m z '

/

0 HuiizUac

C ° Tezont/e

* -
Qcb

t
Tom^<

C ° Z tm p o a la  X  U
1 f .

\

v W
Huitzijoc

J O 3'6'
Qcbc

C° Chichinav tzir. Qcbc

O c o t ic a t ! '^ )  C°Cuahu»catl -
f

/  y  /  \
Xuchitepec, ^  / ( 1

4  ^
/

X

^ > . .

o r 4
Qcb

C ° rres Marfas
/

Qcbc

\ Qcb

TresCumbres

° ^ x
C °Q u im iit6 p 9 £

yQcbc^Q(
/ c o0Uayuca

.-A 'r ; Qcb

1 V

\

'  \
f  Qcbc

/

/ /

Qcb

J \

• ¥ l X X x\  V

\ z
• Tomt

w Qcb

\  Qcb V ! Son Judotco

\
V.

' ' V / V ;> k

W i
(//« (i . X \ V ,  X xy

r ^ r / i
x>

Tomt

/ '

Sto.Mdrto
fee
r6r i : ' , <
«5-' l  \ 0 cotep«fc j .■

" A - X

' C °H » rra du ra/*sL
it QC h r ''
X v

\  v /  \ Qcbc
) .< i X j  >

r *  j r

X :  1

s

\ W

' t ; x  : ;  ' x x

~\ 1

s
\  ji'ftW  vX 'x ' , T . p o z t l ^ „

r m v ’

v j - x  r

w
m .

% tiL
= ; '

/  /  , ’>/ -

\  Qcb

V

X  I \

X x X

y  x  ■ Qcbc

X  X ^ ^ P o h u o c d n

x wrX x n
1 y ' X >

C ° E !  Neolo

Cuijinco

m M m .

y(

.//if:
xX; / ^

A

\ X

, A tlopongo

/ I y
. Zoyotzingo

I /

"Huehue^olco^

le^os1

: , x  ' x - / X  ; . x : x .\y 1 Tecflco

Tepetllxpo

* / /

/
. y

C °L o  M esa

Qcbc

^ rT o m t

y

1 Qcb

( ^

' X p m k V c»<t*rn[atziiy ^om t ;X / « P * t lo p p  (> r ! Qcb
/Q c  /

'v^CtT:/

u \
ix. \ >  i ,y.y \ TX y  y ^"’‘

m' \  x y y y y s  \ w
x \

X

j

V
<. > , \

y x % ' i

CUERNAVACA , X
X

V\

X;
c v  /  ■ X

8
X v...

/

rV.. " X

;s
1

\
3

x V
K  )

\

\
k Cuentepec \  • '■ \

A X
1  /  w \V- •'V prTlomojoqud̂

; y \ — •»

L
V

\
\V Y '  ^  E' NidoY

Q  Tetiomo
x Z

1 . y
l x Y

V..

— A

X X

V

"  « / )
~  „ . v  Ca (fh<alKhitzin i

‘'s^o .cd torino  y  ^  '

7 -
_  y^r^~r( t x 5 4 x >

y^ K , m X > ) , -  O ' ^

C °C u b tz6 /
-  A  *

A A
'Tomt

Ixcoteped
C? H ui/o tepec

K ® X ,

X \ m
T 7

/

j  \  \  A /Tomt t—r = ^  - 1

\ ^ ^ \ ^ y c 0jLhiconquiahuiTi Qcb , Totplc
y /

\  V| i T

' A  ' • ■ - y r :

/

_y

, 1

A
/

'  r *  X  X JiW tfri
vx;

. . r v -

V Qcb

j / S /,
/ antlo

,r—' X:
,y y

Y !/ X / \(
Y

-c/cb /

Qcb

X  - 1> ~  • A V
y  C °S om br»}o  )l \  

J to .C a to r in o / ./• ^  \  \
®°bvJcY y /  x  / -  " X  _ J y  \  15

^  \  X x  \  \

V QCxb /

Lx

---------------jf------ Ksm ^i ^ - 7

A  "  X  Z  T , , )
**■ •* 1 j C °B arrtga  d *  P la ta

7 ' '  A  -  " X *
~ f  x

Kim N \

,  3»  w  " - X
* 5 * < U \ / /

*5 5 —

U 1
v ; / y

i c 7 T7 \ '

Qcbc*

/

)

%

>

%
Qcbc

C°Xiu tep #c^ k $c-

, »=» k z
I \  - u « . = s r Klmx  '7!

n  , X y
x. V  p

___ /  ’ <  — .Te^l

Qcb Tom/-

x  ̂ 5 1
OlO deApud

z /
"  I .99 \

W '

j Y Vo « x ,» y, v  ij z
y  C yTepe tircp

l ' - '  .  \ \

/Q cb

?/ z x Texcolpon

a f  y
\ \ ') / b ?  i

/  v >  "bcb y £

/Y o Xx 'ID/E
y%'

\C u a t» p 0 tl

> A tlatlotiuacanC (
f

Ai / ' __ f
y / V Qcbc ■ /i vTo

s ~ y
y Titcoio"'

Qcb
A / ' A* J

Qcb

z
y '

Z zzy
A / Z i t

. z
Son

< 2 ^ 2 5  \  #

i S f
.Y / !  Z_JY_ Xochillon

U
I Qcb ĉbcb '
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>
. . y ~

/ A  /  / / L  /  /  t / Z *

- . 3 3 '"

q v ;

A Y % . ^ I •Z x xjRZW A 
I  \  30 Kim -wiwZg 1 X3Qx-y t.J mSWk--!P̂T z 

40 I

► C uohuixtlo-
D*

^  ---- ... ^ /  ----/  / y  j y

/ /

%
?  Ksc

X
"Z 1

EXPLA NAT I 0 N 
( See sheet 2 )

A*

A

\A yo lo
Z

To M o y o t e p e c , ' \ \
'  ^ K s c

„__
\  / //

/  / 7 r-u

v )
r

- c / Z / fr />

z
V zzz

/  7

r

• f y  f"-:... f T" / /v

y

"  to  Motomoroe

< Z  .0.5 Ksc - Teob .**'

I0 kilometers

8



F

I8°40

%k

5 3 7 "

* ,  j  t ^ X x > > ^ S K S S M S « 6 ,x -

^  / _r'- / x 3c
(A  - - r t?c r

%  %  
t l E w i,c

)Co0uet>rantade
^  ' / I "

L i m i t  of  g e o I o

igu35'

Kim

I  ~ > -  -

1 ■ - 1 — L t------ - 7

\ \  • X -  r - ' * 6 0
6 5  Ksm 6 0  V

\ \ > -Trffc*' ; : : • .1 ^

 ̂Ksm i
* 5 H H>■20 \  J u lia n t la

m a p p \e d

IS" 3 0 '

13° 25'

18° 2 O'

" M m
- T.ot A '

S  i
> ;4 r ; A ; i ' -

Kim j? v?=Z '
/"' f '

F - ,
4'- XVZ Tot/

- -  Tonb rh
T

s ,
,oc r j 7 $  \

•• ••..k irn  (  - 3 0

too -Tom ' 
V0c 

TpC| , 6

X oxtco tla

i ,6 ;-;

' ; C z c- -

rm.*Vpcr:
\ \ locf r.,3/

PLATE I SHEET 2
■ ■ ■ ■ ■

C c Ten'it?o \ (

TemUpo V^ejo A, 3

••’’ / y v  /  v .

/  Te o b /

\ c w  x  :<

J /K  ' #  T  »

v \ T„ A  i>2fTtsiw * \

, 7 5 .

x V-

; \ir„ "* - ", '
^ 4 ^ r P ,  z ,

t$ e $ F f s  ,  -

Teob
7 F T > 3 F  v  "

V > c  • . T ro b  '  ?o "

C cS a n  ta Maria

W A i K y - -"
Tlolt̂ cW/'jX ) ) <50 X.Z.

v > o b
" C  ^ . tr» < w  ..

■ '

5 F  •  .1 • "  • "  \  i- ;— ”
V

s - Kim ô Ay ^ Vmi
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Contact;dashed where approximately located
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Probable fault,showing downthrown side; dotted where concealed
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where approximately located
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where approximately located
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30 .31

Paved highway .showing kilometer posts

Secondary road

State boundary,with interrogation where uncertain
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PLATE 2

GEOLOGIC SECTIONS THROUGH WESTERN MORELOS AND NORTH-CENTRAL GUERRERO,MEXICO
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EXPLANATI ON

Pleistocene to Recent cinder cone 
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Probable fault, showing downthrown side; dotted where concealed 
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Anticline, showing trace of axial plane and direction of plunge; 
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Constructed by Carl  Fr ies , Jr. , 1958.

B. MAP SHOWING LOCATION OF VOLCANIC CINDER CONES, TRACE OF AXIAL PLANES OF ANTICLINES AND SYNCLINES, FAULTS, AND ASSUMED PRE-PLEISTOCENE DRAINAGE LIN E S .


