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PREFACE 

Honduras is one of the largest Central American republics, and 

probably the least known geologically. This project and that of R. H. 

Fakundiny initiated detailed quadrangle geologic mapping in Honduras, as 

well as providing each of us with a stimulating Ph.D. research project. 

Hopefully, the resulting map and report will provide the Republic of 

Honduras with useful information for economic planning and contribute to 

the understanding of the complex geology of Central America . 

The Comayagua Quadrangle is located on the south flank of a large 

N. 60° W.-trending Laramide structural belt and astride the Honduras 

Depression, the largest north-trending post-Miocene structural feature 

in Central America. The variety of Paleozoic, Mesozoic, and Cenozoic 

rocks exposed in the quadrangle contribute to the interpretation of a 

considerable portion of the geologic history of west central Honduras. 

Relatively good access, at least to the valley portion of the map 

area, makes this region a convenient one for detailed mapping. The city of 

Comayagua lies 102 kilometers northwest of Tegucigalpa on the Carretera del 

Norte, the all-weather road that connects the capital with San Pedro Sula 

and Puerto Cortes on the Caribbean (fig. 1). A new paved Carretera del 

Norte is currently under construction, and during the last two weeks of the 

1969 field season, the first asphalt was laid in the Comayagua Quadrangle. 

Other all-weather roads extend from Comayagua east to El Sitio, north to 

La Libertad, west to El Taladro, and southwest to Ajuterique, Lejamani, 

and La Paz along the west side of the valley. There is a dry-weather 

road from El Taladro to Ajuterique along an irrigation canal . Jeep roads 

lead from Comayagua east to La Jagiiita and east-southeast to the top of 
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Cerro Volcan. Jeep trails connect various haciendas and villages in the 

valley to the main roads. Access to and travel in the highlands on both 

sides of the valley is by foot or on horses or mules. 

The Comayagua Quadrangle comprises an area of about 500 square 

kilometers in the departments of Comayagua and La Paz. It extends from 

lat 14°20' N. to lat 14°30' N. and from long 87°30' W. to long 87°45' W. 

I spent February through July 1968, and February through April 

1969, doing field work in the Comayagua Valley region. This time included 

several reconnaisance trips to neighboring regions outside the map area. 

Field mapping was done on excellent 1:50,000 topographic quadrangle 

maps produced by the Instituto Geogr~fico Nacional and the Interamerican 

Geodetic Survey, with the help of 1:60,000 aerial photographs. Photographs 

and maps were generously supplied by the Instituto Geogr~fico Nacional. 

Without the topographic maps, work would have gone much more slowly and been 

considerably less accurate. 

The topographic maps used have a Universal Transverse Mercator 

Grid, which divides a map into 1,000 meter squares. To designate a point 

using this grid, the rule to follow is--read right and up. For instance, 

3098 designates the 1,000 meter grid square to the right of easting 30 and 

up from northing 98 (this grid square contains the northwestern part of 

Comayagua). To locate a point to the nearest 100 meters, simply estimate 

tenths from the grid lines to the point. The eighteenth century church on 

the main square of Comayagua is designated by grid coordinates 309985. Grid 

designations always contain an even number of digits. The first half of the 

number is the easting, the second half the northing. 

The geologic mapping project in Honduras of which this work is a 

part, was administered jointly by the Instituto Centroamericano de 
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Investigacion y Tecnologfa Industrial (ICAITI) in Guatemala, the Republica 

de Honduras Direcci6n General de Minas e Hidrocarburos and Instituto 

Geografico Nacional and financed by the Regional Office for Central America 

and Panama (ROCAP) of the U. S. Agency for International Development (AID) . 

Everyone in the various agencies and institutions connected with the project 

was extremely helpful and cooperative. I particularly thank those who were 

directly responsible for the efficient administration of the project; 

Dr. Gabriel Dengo and Dr. Otto Bohenberger of ICAITI, Paul Foster of ROCAP, 

Modesto Guerra of U. S. AID in Honduras, the Director General of the Instituto 

Geografico Nacional, Carlos Rivera Caceras and his deputy, Ing. Julio Dur6n. 

I am particularly indebted to the Director General de Minas e Hidrocarburos, 

Ing. Reniery Elvir A., whose enthusiastic support and amazing ability to 

provide transportation, field assistants, gasoline, and whatever else was 

needed and to smooth over minor administrative problems, quickly made the 

project a reality. Dr . Dengo, in addition to being overall administrator 

for the project, introduced me to the geology of Honduras, suggested that 

the Comayagua Quadrangle was a particularly interesting area (although 

complex), generously shared his encyclopedic knowledge of the geology of 

Central America, and materially improved this paper as a member of my 

supervising committee. 

Discussions of geology and field excursions with other geologists 

working in Honduras--particularly Ken Hugh of Signal Exploration Company, 

Honduras; Vern Garton of the Honduras and New York Rosario Mining Company; 

and Paul Bundy of Companfa Mineria Los Angeles--were extremely helpful. 

The members of my supervising committee at The University of Texas 

at Austin all generously gave their time, advice, and moral support to 

ensure the success of this project. Dr. R. E. Boyer initially suggested the 
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possibility of a mapping project in Honduras and gave many helpful editorial 

suggestions. Dr. S. E. Clabaugh offered numerous helpful suggestions about 

field relationships during a visit to the map area and gave considerable 

insight into the petrography of igneous and altered sedimentary rocks. I 

am especially grateful for all the help that my supervisor Dr. W. R. 

Muehlberger gave at every stage of the work--from clarifying my thinking in 

the field to the final stages of writing. 

My ideas about the geology of Honduras have been refined by discussions 

with professors and fellow graduate students at The University of Texas at 

Austin. Discussions with Drs. D. S. Barker, R. L. Folk, R. 0. Kehle, and 

E. F. McBride, and with fellow graduate students Richard Cadwgan, William Reid, 

and Steven DeLong have been singularly beneficial. Endless debates and 

exchanges of ideas with other students working in Honduras--W. R. Dupr~, 

R. H. Fakundiny, and R. C. Finch--have been very profitable. 

I am particularly indebted to all the people of Honduras I encountered 

for their hospitality and patience. I especially appreciate the work of long

suffering field assistants Jose Maria Gutierrez, Roberto Ramirez-Landa, and 

Marco Tullio Moya, the help of ·Don Hernan Salgado in getting established in 

Comayagua, and Manuel Quan for keeping the coldest beer in the Departmento de 

Comayagua. 

Although I absorbed many ideas and gained many insights from all 

those named above and many others, they are not to be held responsible for 

any errors or conclusions in this report. 

In the course of my Ph.D. work I was supported by a National Defense 

Education Act Title IV Fellowship for two years and by a Texaco Oil Company 

Fellowship for one year. A grant from the Ed Owen-George Coates Fund helped 

defray the cost of final reproduction of this dissertation. I am extremely 
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grateful for this financial assistance. 

This dissertation was submitted to the Committee in May 1970. 
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Frontispiece. View to the east of the Montana de Comayagua in the northern 
part of the Comayagua and southern part of the El Rosario quadrangles. The 
highest point (H), 2400+ meters, and the lowest point (L), 540- meters, in 
the Comayagua Quadrangle are visible. Prominent pe aks in the Montana de 
Comayagua are Cerro Copet6n (CC), Cerro Granadilla (CG), Cerro Buena Vista 
(CB), and Cerro Vo lean (CV). Comayagua (C), La Saban a (S), Valle de Angeles, (VA) 
and the Rio Humuya (RH) lie in the middle distance. In the foregound is the 
Palo Pintado section of the Padre Miguel Group (Miocene) including: Palo 
Pintado gravel (1), La Sabana ignimbrites (2) with a basalt flow (B), and 
the basal part of the Cerro la Canada ignimbrites (3). 
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The Montana de Comayagua structural belt is a zone trending N. 60° W., 

more than 130 kilometers long, of exposed earliest Tertiary and older rocks 

that were complexly deformed during the Laramide orogeny. The Honduras 

Depression, a discontinuous north-trending graben system, extends from the 

Pacific coast to the Caribbean. The Comayagua graben, a major segment of the 

Honduras Depression, intersects the older structural belt in the Comayagua 

Quadrangle . 

Paleozoic (?) low-rank metamorphic rocks that record two periods of 

metamorphism underlie two Mesozoic redbed sequences separated by a carbonate 

group. Cenozoic volcanic and associated sedimentary rocks nonconformably 

overlie all older rocks. Red elastic rocks of the Todos Santos Formation 

accumulated as alluvial fans that filled structural depressions. Minor 

volcanism and faulting accompanied this deposition. The overlying Yojoa Group 

of carbonate rocks accumulated during a transgression . Red elastic flood 

plain and deltaic rocks of the Valle de Angeles Group were derived from a 

rising region outside the map area (probably to the south). The deformation 

that terminated Valle de Angeles deposition produced the Montana de Comayagua 
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structural belt, which is a 20 to 30-kilometer wide, N. 60° W.-trending 

structural high composed of asymmetrical, N. 70° to 90° W.-trending folds, 

some of which are cut by reverse faults. The folds and reverse faults may 

be the consequence of left-lateral shearing. Many of the important mineral 

deposits in Honduras occur along this structural belt. 

After this deformation, andesite lava flows and mid-Miocene siliceous 

ignimbrites, tuffs, and associated volcanic rocks were deposited across the 

deformed older rocks. Normal faulting along west-northwest, northwest, north, 

northeast, and east-west trends began during volcanism and continued almost 

to the present. Approximately 2 kilometers of structural relief resulted 

from this period of normal faulting in the Comayagua Quadrangle. This 

episode of normal faulting formed the north-trending Comayagua graben and other 

grabens comprising the Honduras Depression, as well as similar features 

elsewhere in Honduras and adjacent parts of Guatemala. The complex pattern 

of normal faults and grabens seems to be the result of left-lateral simple 

shear deformation of the northwestern part of the Caribbean plate of litho

sphere. This simple shear deformation is a consequence of underthrusting 

at the Middle America Trench and left-lateral strike-slip movement along the 

Bartlett Trough fault system. 

Igneous rocks of various compositions intruded the area in several 

episodes: one was pre-Mesozoic; others were pre-ignimbrite; and the youngest 

clearly occurred after the mid-Miocene. 

The Valle de Comayagua was partially filled with a lake following a 

major episode of graben faulting. Pediments have been cut on the lake beds 

since through-flowing drainage was established. 

Earth resources include ground water, limestone, sand and gravel, 

dimension stone, and possibly small amounts of silver, lead, zinc, and copper. 
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G E 0 L 0 G I C H I S T 0 R Y A N D C 0 N C L U S I 0 N S 

Very little can be discerned of the pre-Mesozoic history of the 

region. The Cacaguapa Schist, a series of low-rank metasedimentary and 

meta-igneous rocks, include a sheared conglomerate that contains clasts of 

previously sheared conglomerate. This rock implies two sequences of uplift 

and erosion, deposition, metamorphism, and shearing prior to deposition of 

the Mesozoic sedimentary rocks. In this part of Honduras, these events 

occurred before the Late Triassic or Early Jurassic (Newberry, 1888; 

Knowlton, 1918). Pushkar (1968) obtained a Rb/Sr age for these rocks of 

412 m. y., which is a maximum because of the probability of inherited 

strontium. These rocks may 'be the metamorphosed equivalent of Pennsylvanian 

and Permian sedimentary rocks farther to the north in Guatemala, or they may 

be older. 

Considerable faulting along west-northwest trends and perhaps other 

directions, preceded the deposition of the Todos Santos Formation, which is 

the oldest Mesozoic sedimentary unit in the quadrangle. Some faulting 

apparently occurred during the deposition of these elastic rocks. Volcanic 

activity accompanied the early and late phases of this period of alluvial 

fan deposition. At some localities in the map area, the Todos Santos redbeds 

are probably 1,000 meters thick. 

Overlying the redbeds of the Todos Santos Formation with apparent 

conformity are carbonate rocks of the Yojoa Group. These rocks seem to have 

accumulated in relatively shallow water during a period of quiet transgression 

during Neocomian to Cenomanian time. The maximum thickness of this sequence 

of rocks is 350 meters, and it seems to thin southward. 
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The red elastic rocks of the Valle de Angeles Group overlie the 

Yojoa Group with apparent conformity. Uplift outside the immediate area 

(probably to the south) brought a return of elastic deposition. Volcanic 

activity also accompanied deposition of the Valle de Angeles Group. At 

least 1,000 meters of these sediments accumulated before folding and 

faulting terminated this episode of deposition in Maestrictian to Eocene 

time. 

This folding and faulting probably marks the inception of the 

Montana de Comayagua structural belt. Geologists working in Central America 

have referred to this period of deformation as the Laramide orogeny. The 

folds that formed trend east-west, and in the Comayagua Quadrangle they are 

asymmetrical or overturned to the south. Faults associated with this period 

of deformation trend east-west, west-northwest, northwest, and northeast. 

All of these features are disposed along a 20 to 30-kilometer wide zone 

that trends approximately N. 60° W. for more than 130 kilometers, easily 

recognizable from El Mochito southeast to San Juancito. The asymmetrical 

folds and high-angle reverse faults in this zone apparently resulted from 

left-lateral strike-slip movement that was distributed over a wide zone. 

Intrusion of the complex body of intermediate-composition igneous 

rock east of Comayagua may have accompanied the later part of the episode 

of folding and faulting or may have occurred somewhat later. The intrusion 

seems to be older than the basal mid-Miocene ignimbrite. 

After a considerable period of erosion, subaerial eruption of 

andesitic lavas filled the low area with lava flows and pyroclastic deposits 

of the Matagalpa Formation. Elsewhere in Honduras, these flows were faulted, 

tilted, and in places, hydrothermally altered prior to the eruption of the 

mid-Miocene ignimbrites of the Padre Miguel Group (Williams and McBirney, 1969) . 
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More than 800 meters of siliceous ignimbrite, tuff, and associated volcanic

rich sedimentary rock accumulated prior to uplift and erosion. 

An extended period of normal faulting began during the eruption of 

the ignimbrites. This may actually have been a continuation of the period 

of faulting that affected the Matagalpa rocks. Although there is good 

evidence that considerable normal faulting accompanied deposition of the 

mid-Miocene volcanic rocks (Dupre, 1970), it is clear that the majority of 

faulting followed volcanism. This period of normal faulting produced the 

Comayagua graben and other similar grabens elsewhere in Honduras and 

adjacent parts of Guatemala; e.g., the Jesus de Otoro graben, the Talanga 

graben, and the Ulua graben. The mid-Miocene rocks that dip southward 

away from the Montana de Comayagua structural belt indicate renewed uplift 

of the belt post mid-Miocene. This uplift may have accompanied the for

mation of the graben. 

Analysis of the regional post-Miocene structure indicates that the 

diverse fault trends (west-northwest, northwest, north-south and northeast) 

as well as the grabens, probably originated as the result of simple shear in 

the northwestern part of the Caribbean plate. The primary shear direction 

was probably N. 60° to 80° E., more or less parallel to the Motagua and 

Bartlett zones. 

The Honduras depression is not a single continuous through-going 

depression as the name would imply. There is no evidence that the Comayagua 

and Ulua grabens were ever continuous. However, the location of the two 

grabens may have been controlled by a zone of weakness that was offset prior 

to the postvolcanism faulting. 

The Rio Humuya probably gained its initial course of superposition 

on faulted Miocene ignimbrites prior to the general uplift of this part of 
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Central America. This course was modified during downcutting by zones of 

weakness (fault zones) it encountered. Through-flowing drainage has probably 

only recently been established in the Valle de Comayagua. 

Water in the sedimentary rocks associated with the mid-Miocene 

volcanic rocks is possibly the most valuable untapped earth resource in the 

Comayagua Quadrangle. There may be mineable silver and base metal deposits 

east of Comayagua in the Montana de Comayagua. As in many other areas of the 

world, the important combination is intrusions of intermediate composition 

adjacent to sheared limestone. There are indications of copper minerali

zation in the southwestern part of the quadrangle. Some ignimbrites and 

Atima limestone might be used as dimension stone. Yojoa carbonate rocks 

could be a source of cement. 

The early Tertiary (Laramide) deformation of Honduras may have been 

related to an early episode of underthrusting of a lithosphere plate at the 

Middle America Trench or elsewhere. The magmas that produced the mid-Miocene 

ignimbrites may have been derived from the partial melting of such a plate 

and contaminated by sialic crustal material during their ascent from the 

partially melted plate. The present episode of underthrusting at the Middle 

America Trench possibly began 15 to 20 m. y. ago. This estimate is based on 

the length of the underthrust plate, the amount of offset on the Middle 

America Trench north of the Gulf of Tehuantepec, and the assumption that 

the estimated rate of the motion of plates relative to each other has been 

constant. The locus of the Motagua fault zone probably has been the boundary 

of one type or another between plates of lithosphere since late Paleozoic 

time. 



S T R A T I G R A P H Y A N D P E T R 0 G R A P H Y 

A basement of low-rank metamorphic rocks is overlain by Mesozoic 

and early Tertiary sedimentary rocks. A thick complex sequence of Cenozoic 

volcanic rock lies unconformably across all older rock types. Igneous 

rocks of several different ages are found in the area. I use the strati

graphic terminology described by Hugh (1965) and Mills et al. (1967) for 

the sedimentary rocks, and the terminology employed by Williams and McBirney 

(1969) for the volcanic rocks (fig. 2). 

Rock-Color Chart (Goddard et~., 1963) color names are used to 

describe the rocks. Names for sedimentary rocks are those of R. L. Folk 

(1968). Igneous rocks are classified according to Streckeisen (1965, in 

Bayly, 1968). 

METAMORPHIC ROCKS 

The oldest rocks exposed in the Comayagua Quadrangle are low-rank 

muscovite and chlorite schist, phyllite, and occasional quartzite. These 

rocks crop out only along the northeast boundary of the map area north of 

the Rio Majada and are the southeastern extension of much more extensive 

exposures of metamorphic rock to the north in the El Rosario Quadrangle. 

The rocks are well foliated and the foliation planes themselves 

are crenulated. I found no outcrops good enough to measure the attitude 

of either the foliation or the axes of the crenulations with any confidence. 

The dip of the schistosity appears highly variable, but the plunge of the 

crenulation axes is mostly to the south. 

The limited mineral suite of muscovite, quartz, chlorite, and 

magnetite indicate metamorphic rank no higher than the greenschist facies . 
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These rocks weather dark yellowish orange to moderate yellowish 

brown. Fresh samples are grayish orange, dark yellowish orange, and dark 

bluish gray. 

The base of this sequence of rocks is not exposed. Mesozoic sedi

mentary rocks nonconformably overlie the metamorphic rocks and truncate the 

metamorphic structures. Furthermore, attempts to estimate thicknesses are 

precluded by extreme folding that ranges from microscopic crenulations to 

kilometer-size folds. 

In the El Rosario Quadrangle to the north (fig. 3), Fakundiny (1970) 

has found a greater variety of metamorphic rock. In addition to rock types 

already mentioned, the metamorphic rocks include marble, graphite schist, 

and metaconglomerate. At one outcrop band in the gorge of the Rio Humuya, 

Fakundiny found a second group of metamorphic rocks that have undergone 

cataclastic as well as regional metamorphism. These rocks include amphibole 

schist, sheared metaconglomerate, blastomylonite, and boudinaged andesite 

and rhyolite. The relationships of the two groups of metamorphic rocks is 

uncertain. 

From relationships seen in the Valle de Comayagua region, all that 

is certain is that the metamorphic rocks are older than the overlying 

Mesozoic sedimentary rocks. Dengo (1969) noted that the basement of northern 

Central America can be divided into two areas of different metamorphic grade 

separated essentially by the Motagua fault zone (fig. 6). To the north are 

rocks of the amphibolite and garnet amphibolite facies called the Chuacus 

series in Guatemala by McBirney (1963), and the Maya series in British 

Honduras (Belice) by Dixon (1956). Dengo designated these rocks the Maya
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Chuacus metamorphics. To the south are phyllite, schist, marble, and 

quartzite of the greenschist facies that Dengo called the Palacagilina 

metamorphics after a formation in Nicaragua named by Zoppis Bracci (1957). 

The PalacagUina metamorphics would include the metamorphic rocks called 

Peten metamorphic rocks by Carpenter (1954) in the San Juancito Mountains 

SO kilometers to the east. Fakundiny (1970) has named these rocks Cacaguapa 

Schist for outcrops along the Rio Cacaguapa in the El Rosario Quadrangle. 

In the Montana de San Juancito, Carpenter (1954) found similar 

metamorphic rocks overlain by partially altered rocks containing Late 

Triassic or middle Early Jurassic Rhaetic cycad and fern fragments (Newberry, 

1888, p . 342-343; Knowlton, 1918, p. 608; Hoffstetter, 1960, p. 141-142). 

Dengo (1968, p. 13) noted that in contrast to the Chuacus series, the 

PalacagUina rocks have not been found underlying Pennsylvanian sedimentary 

rocks. This leaves their age open to several alternate. interpretations. 

The Palacagilina series may be coeval with the Maya-Chuacus rocks but may 

represent a lower grade of metamorphism. Alternatively, the PalacagUina 

rocks may be much younger and may be the metamorphosed equivalents of 

Pennsylvanian and Permian elastic sedimentary rocks farther north in Guate

mala and Chiapas, Mexico. This interpretation would make the PalacagUina 

metamorphics equivalent to the Santa Rosa Group of Burkart (1965), Crane 

(1965), and Clemons (1966). The absolute age of the PalacagUina metamorphic 

rocks is uncertain. A single Rb/Sr determination made by Pushkar (1968, 

p . 2,707) indicated 412 m. y. The parent shale undoubtedly inherited some 

radiogenic strontium so this age is a maximum (McBirney and Bass, 1969). 

INTRUSIVE ROCKS 

Intrusive igneous rocks of several different ages are exposed in 

the Valle de Comayagua region. Where the Rio Humuya has cut a deep canyon 
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in the El Rosario Quadrangle, there are andesite, rhyolite, and diorite 

dikes and sills that were boudinaged during the pre-Mesozoic deformation of 

the metamorphic complex. In this same vicinity there are unmetamorphosed 

rhyolite dikes that intruded the metamorphic rocks, but do not seem to 

intrude the Mesozoic rocks. Fakundiny (1970) discusses the relationships 

of these rocks in more detail . 

The largest single body of intrusive rocks in the area is a complex 

group of intermediate igneous rocks exposed over a 10 square-kilometer area 

along the front of the Montana de Comayagua 3 kilometers east of the city of 

Comayagua. The Mesozoic sedimentary rocks have been domed and altered to 

hornfels for some considerable distance from the intrusion. The border zone 

south of La Jagiiita (grid square 3400) and northeast of Nueva Valladolid 

(grid square 3698) includes partially-digested blocks of Todos Santos sand

stone several meters long completely surrounded by intrusive rock. 

In the southern part of the complex, outcrops of granodiorite form 

steep-sided, low, irregular hills that are covered with tropical pines. 

These rocks are deeply weathered and are pale yellowish orange where not 

covered with lichens. Fresh samples of the rock, which are rare, are 

greenish white and contain from 10 to 25 percent dusky yellowish-green 

dark minerals (mostly chlorite). 

The large areas of exposed gabbro have a more rounded topography 

(e.g., the ridge north of La Laguna, grid square 3699). Fresh specimens 

of the gabbro are greenish black, but at most outcrops the rock is deeply 

weathered to moderate brown crumbly soil. Farming is more extensive on 

the gabro than on the quartz-rich rocks. This is probably because the soil 

derived from the gabbro is richer in elements necessary for crop growth. 
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Although these intrusive rocks seem to predate the Cenozoic volcanic 

rocks, the relationship is not entirely clear. Nowhere are the intrusive 

rocks seen to cut the volcanic rocks, and nowhere do the volcanic rocks lie 

on an eroded surface of the intrusive rocks. Volcanic rocks near the 

intrusion (e.g., near Capiro, grid square 3497) dip away from the intrusion, 

but not nearly so steeply as underlying Mesozoic sedimentary rocks. This is 

not conclusive evidence that the intrusion predates the volcanic rocks 

because the Mesozoic rocks were tightly folded before the intrusion took 

place and the dips on the volcanic rocks are sufficient to carry them well 

over the highest point on the intrusion. The texture of two nearby dikes 

(grid coordinates 358030 and 408972), which have compositions similar to the 

intrusive rocks and the Tertiary ignimbrites, suggests the dikes were 

fluidized (S. E. Clabaugh, personal communication, 1969). These dikes may 

have been feeders that produced the Tertiary ignimbrites, suggesting that 

the intrusion is genetically related to the Cenozoic volcanism. 

The intrusive complex may be composed of at least two major bodies 

of rock, but circumstantial evidence suggests that all the rock types were 

part of the same intrusive body. North of the unnamed stream just north of 

La Laguna (grid square 3599), the rocks are hornblende gabbro with a few 

dikes of altered pegmatitic quartz-bearing hornblende-augite gabbro. South 

of the stream, rocks range from muscovite-chlorite-granodiorite (described 

by Williams and McBirney, 1969, as biotite-quartz diorite) at La Laguna, to 

muscovite granodiorite cut by a few quartz veins, at Nueva Valladolid. 

Unfortunately, where one should be able to see the relationships between 

the gabbro and the granodiorite, either exposures are lacking or only 

hornfelsed Todos Santos crops out. None of the major rock types was 

observed intruding another. Based on mineralogy and texture, these rocks 

are probably comagmatic. 
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All of the intrusive rocks have undergone considerable shearing and 

alteration following intrusion. Near Nueva Valladolid, the muscovite 

granodiorite has been thoroughly deuterically altered. Feldspars have 

been mostly converted to clays, and what were mafic minerals (probably 

biotite) are now collections of fine-grained muscovite and magnetite and, 

except in the chilled border zone, this rock can easily be sampled with a 

shovel. Shear zones, marked by granulation and some elongation of grains, 

and a few 5 to 10-centimeter thick quartz veins that contain pyrite and 

galena cut the intrusion. 

Chlorite has completely replaced what was probably hornblende or 

biotite in the muscovite-chlorite granodiorite near La Laguna . This rock 

contains 5 percent orthoclase, 4 percent ilmenite and leucoxene, and a trace 

of apatite. It is cut by fine-grained chloritized shear zones . Plagioclase 

twinning lamellae are slightly bent, suggesting some post-crystallization 

movement. 

In the hornblende gabbro from the northern part of the complex, 

chlorite and magnetite replace large portions of the hornblende crystals . 

Subhedral andesine crystals are partially replaced by epidote, and pierced 

by tremolite crystals . 

The widespread low-rank alteration of the country rock, the mineralogy 

of the intrusive rocks, and the extensive synmagmatic or deuteric alteration 

suggest that these rocks were intruded at relatively low temperatures with 

high partial water pressure. Extensive outcrops of altered Todos Santos 

elastic rocks indicate that intrusive rocks underlie Cerro Granadilla and 

Cerro Copet6n as well as much of the Montana de Comayagua to the northeast . 

Numerous dikes that seem to be related to the large igneous complex 

cut the Mesozoic rocks in the northeastern part of the map area . Dikes 
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observed south and east of the intrusive complex (grid squares 3897, 4097, 

4195, 4697) are all rhyolite or granodiorite. North and west of the 

intrusive complex, most of the small intrusive bodies that cut the sedimen

tary rocks are diorite dikes that were emplaced along or parallel to normal 

faults (grid squares 3402, 3401, 3302, 3102, and 2901 to mention but a few). 

About 1 kilometer south of El Sitio in the Rio Chiquito, chloritized biotite (?)

hornblende granodiorite crops out . This intrusive body is probably genetically 

related to the silver and base metal mineralization and silicification of the 

Atima limestones at the old Spanish Las Chacaras mine located at coordinates 

330005. 

In the southwest part of the map area there seems to be an intrusion 

centered in the vicinity of grid square 2184. Mesozoic sedimentary rocks and 

Cenozoic volcanic rocks generally dip away from this area. Numerous diorite, 

andesite, and rhyolite dikes and sills cut the Mesozoic and Cenozoic rocks. 

In this vicinity, Yojoa carbonate rocks have been completely silicified 

(grid square 2384) and Tooos Santos redbeds have been bleached to pale green 

and pale yellowish orange. Considerable diffuse copper mineralization occurs 

throughout the southwestern part of the map area . 

Because of the wide variety of rock types seen in dikes, it is hard 

to judge what the composition of this intrusion might be. Chloritized 

hornblende (?)-biotite (?) diorite dikes crop out in the area from grid 

square 2384 to Las Minitas (2089). Andesite dikes crop out over the same 

area. Rhyolite dikes seem to be restricted to the area around grid square 

2185. 

Intrusive activity in this area probably continued until the Pleisto

cene . West of Ajuterique an andesite dike fills a graben fault. The 

composition of the rocks, the extent of intrusive activity, and the time 
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of intrusion suggest that this area may have been a center of eruption for 

the mid-Tertiary volcanic rocks. 

MESOZOIC AND EARLIEST TERTIARY SEDIMENTARY ROCKS 

Nonconformably overlying the metamorphic rocks are Mesozoic and 

earliest Tertiary sedimentary rocks that consist of two sequences of red 

elastic rocks separated by a sequence of carbonate rocks. The two redbed 

sequences appear very similar at the outcrop. Thus, it was crucial to know 

the stratigraphic position of a given redbed outcrop relative to the carbonate 

rocks before confidently identifying the redbeds. Subtleties of color, 

overall grain size, texture, and the composition of the suite of clasts 

helped differentiate the redbeds in the field and provided positive identi

fication in thin section. 

The Mesozoic rocks were deformed into tight west-northwest-trending 

asymmetric folds cut by reverse faults prior to the episode of normal faulting 

that accompanied and continued after the mid-Cenozoic period of volcanism. 

Over most of the area, the Mesozoic rocks were probably more than 

2,000 meters thick prior to erosion. However, in a few localities, such as 

the northeast part of the Camayagua Quadrangle and southeast part of the 

El Rosario Quadrangle, the aggregate thickness of the sedimentary rocks 

almost certainly never exceeded 1,000 meters. One of these areas was on 

the flank of the old metamorphic highland in the northern part of the map area. 

Adjacent to the larger igneous intrusions, contact metamorphism has 

altered redbeds to hornfels and silica has partially or completely replaced 

carbonate rocks. 
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Todos Santos Formation 

Red continental elastic rocks to which Mills et al. (1967) applied 

the name Todos Santos Formation, nonconformably overlie the metamorphic 

basement rocks. This designation replaced such names as "Tegucigalpa 

Formation" (Fritz-Gaertner, 1891), which is now known to include the Late 

Triassic or Early Jurassic El Plan Formation, and Late Cretaceous to early 

Tertiary Valle de Angeles Group of Carpenter (1954); and "Metapffil Formation" 

of Sapper (1899), the meaning of which has become diffuse and inexact. 

The rocks called Todos Santos Formation in both Guatemala and 

Honduras are lithologically alike, probably accumulated in similar deposi

tional environments, and underlie Cretaceous limestones of similar age. 

They are correlated although they were probably deposited in discontinuous 

tectonic troughs and probably never formed a continuous sedimentary unit. 

General appearance. 

At the outcrop, the Todos Santos Formation is moderate red, although 

individual beds of conglomerate, sandstone, siltstone, and mudstone are 

various shades of red, brown, yellow, orange, gray, and green. Weathered 

surfaces are somewhat darker than fresh surfaces. This contrast is 

especially pronounced near large intrusions where fresh samples of mildly 

altered Todos Santos rocks are a light or moderate shade of gray, yellow, 

or green, and weathered surfaces are grayish brown, olive gray or almost 

black. 

Though conglomerates comprise only about 20 percent of the section, 

they are the most conspicuous rock type because of the greater thickness 

of individual beds and their resistance to erosion . Conglomerate beds 

range from about 0.5 to 2 meters thick and manifest themselves as ledges 

or small ridges where dips are moderate to steep and the sequence is little 
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faulted (pl. III). This style of weathering and erosion produces diagnostic 

striped outcrop patterns in the field and on aerial photographs. Where dips 

are low or faulting is prevalent, the Todos Santos is usually eroded into 

irregularly shaped, very steep-sided hills that are an almost uniform moderate 

red. 

Most beds of sandstone, siltstone, and mudstone are from 10 to 50 

centimeters thick. The sandstone and siltstone are friable, except for a 

few beds, especially near the top of the formation, that are well cemented. 

Mudstone is somewhat better indurated but more highly jointed, and breaks out 

into elongate, kitchen-match size fragments. 

Bedding surfaces are generally smooth and mark abrupt changes in 

grain size. Large-scale trough cross-bedding is common in the conglomerates. 

There are some scour and fill structures and local angular discordances 

between groups of beds (pl. III). 

Below about 700 meters altitude, the formation is covered with 

moderately thick, thorny, deciduous, scrub jungle; from 700 to about 1,900 

meters, with oaks and sparse to moderately thick, tropical pine forest; and 

above 1,900 meters, with extremely dense high-altitude rain forest. The 

Valle de Angeles Group and the siliceous Miocene volcanic rocks have a 

similar vegetative distribution, making it difficult to distinguish the 

Todos Santos from other rock types on air photos except where the Todos 

Santos displays its diagnostic striped pattern. 

Distribution and thickness. 

The most extensive outcrop of the Todos Santos Formation is in the 

north-central part of the map area (pl . I). Here the Todos Santos is broken 

into numerous blocks by faults of various displacements and orientations 

with each block tilted with respect to its neighbors. Virtually every stream 



PLATE III 

A. Looking west at the overturned north-dipping north limb of an 
asymmetrical syncline near Valle de Angeles: grid square 3103. 
Alternating beds of conglomerate, sandstone, siltstone, and mudstone 
of the Todos Santos Formation give the outcrop its striped appearance. 

B. Thick beds of Todos Santos conglomerate exposed at the crest of an 
east-trending anticline. Road cut north of Comayagua: coordinates 
295018. (Hammer is 36 cm. long; view to the west.) 

C. and D. Small angular discordance (D) in a steeply north-dipping 
overturned sequence of Todos Santos conglomerate (congl.), sandstone 
(ss.), shale (sh.), and mudstone (ms.): near coordinates 313030. 
(View to the east.) Robert Fakundiny (1.83 meters) provides scale. 
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and gully marks the trace of a fault. Despite the extensive faulting, the 

overall structure is that of a syncline plunging gently west-northwest. 

Adjacent to the intrusions east of Comayagua, Todos Santos rocks 

(slightly altered to hornfels) are exposed over a considerable area in the 

Montana de Comayagua. Carbonate rocks of the Yojoa Group overlie the 

slightly metamorphosed Todos Santos rocks throughout most of this area. 

The carbonate rocks show very little effect of metamorphism. However, in 

the northeastern corner of the map area, Cenozoic volcanic rocks overlie 

the Todos Santos Formation as well as younger sedimentary rocks, with 

angular unconformity. 

South of Cerro Volcan (grid square 4096), unmetamorphosed Todos 

Santos crops out in stream valleys at the cores of anticlines. Here it is 

overlain by rocks of the Yojoa Group. 

In the southwestern part of the quadrangle, Todos Santos crops out 

at several localities. In ~e vicinity of grid square 2284, the red elastic 

rocks of the formation have been bleached and mildly altered to hornfels 

adjacent to a late Cenozoic intrusion. 

The thickness of the Todos Santos Formation ranges from 15 to 1,000 

meters in the Comayagua region. Mills et ~· (1967) measured approximately 

1,000 meters of section near Taulabe, 30 kilometers northwest of the map 

area. In the El Rosario Quadrangle to the north, Fakundiny (1970) measured 

800 meters of the formation, but the base of the section was not exposed. 

Attempts to measure the thickness of the Todos Santos Formation in the 

Comayagua Quadrangle were thwarted by extensive folding and faulting, 

absence of traceable marker horizons in the lower part of the section, and 

the fact that the base of the formation is not exposed where the formation 

is thick. However, based on the extensive areas of Todos Santos outcrop and 
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thickness measured in closely adjacent areas, at least 1,000 meters of 

Todos Santos is almost certainly present in the Comayagua Quadrangle. 

North of the Rio Majada in the northeastern part of the quadrangle, 

only 15 to 25 meters of Todos Santos nonconf ormably overlie the metamorphic 

rocks. The upper contact is apparently conformable but is obscured by float 

from the overlying Atima Formation . At this locality, the Todos Santos 

consists entirely of a moderate reddish-brown, poorly sorted, cobble 

conglomerate. 

Lithology and alteration. 

The Todos Santos Formation is composed principally of pale red to 

grayish-red, poorly sorted, immature, phyllarenite pebble conglomerate and 

sandstone, as well as siltstone, mudstone, and occasional volcanic tuff that 

is usually rich in secondary calcite. The conglomerate and sandstone contain 

a suite of clasts that consists primarily of composite metaquartzite grains, 

common or vein quartz, phyllite, and schist with up to 20 percent sedimentary 

rock fragments (including chert), occasional volcanic rock fragments, and 

from a trace to 20 percent plagioclase. Clay (usually hematite-stained), 

quartz, hematite, and occasional chlorite and calcite form the cementing 

material. The metamorphic rock fragments and most of the quartz were 

probably derived locally from the Paleozoic metamorphic rocks. The sedi

mentary rock fragments are mostly siltstone and mudstone and are usually 

flattened, suggesting either that they were soft at the time of deposition 

or deformed after deposition. These clasts were probably derived from 

closely related Todos Santos beds. Opaque grains consist of hematite, 

magnetite (usually partially hematized), ilmenite, leucoxene, and some 

limonite. All the finer grained rocks examined contain a significant amount 

of volcanic material such as plagioclase, orthoclase, euhedral embayed quartz, 
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biotite, and some wispy structures that almost certainly represent devitri

fied glass shards. Although five thin sections and numerous hand specimens 

of fine-grained Todos Santos rocks examined can hardly be construed as a 

statistically valid sample of the formation, it seems that many of the fine

grained rocks are rich in volcanic material. 

Light colored, pinkish or yellowish-gray to pale olive, submature, 

phyllarenite and quartzarenite, medium to fine sandstone comprises the upper

most part of the Todos Santos at several locations. These pale colored rocks 

are 10 meters thick at Mata de Cana (grid square 3,000) and 20 meters thick 

south of Rio Canquiqiie. These rocks are 80 percent or more quartz, mostly 

derived from a metamorphic terrain, but composite grains are much less common 

than in sandstone lower in the section. Clay usually composes less than 5 

percent of the rock, plagioclase is less common, and quartz cement is more 

prevalent than in the rest of the Todos Santos section. R. L. Folk (April, 

1970, personal communication) noted that these rocks have a bimodal grain 

size distritution and are poor in the opaque iron oxides common elsewhere in 

the section, and that these are textural and mineralogical characteristics of 

modern dunes. 

Immediately below the overlying Yojoa Group at Mata de Caiia lies a 0. 5 

to 1-meter thick bed of very pale green to greenish-yellow sheared micaceous 

porphyritic rock. Thin sections reveal that the bed is a sheared muscovite 

rhyolite tuff with calcite replacing a considerable portion of the groundmass. 

This bed probably represents a volcanic ash that fell into the transgressing 

sea at about the time carbonate deposition began. 

In the northeast part of the map area where the Todos Santos is quite 

thin, the entire section is composed of moderate reddish-brown, clay-cemented, 

poorly sorted, cobble conglomerates. The cobbles are composed of muscovite and 
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chlorite schists and phyllite. 

Near larger intrusions east of Comayagua and in the southwest corner 

of the map area, Todos Santos rocks have been slightly hornfelsed by contact 

metamorphism, and in some places extremely sheared. At the outcrop, the 

change is manifested in a striking color change from light or moderate 

shades of red, to light or moderate shades of gray, yellow and green. Thin 

sections of these rocks show a growth of muscovite and chlorite, and a 

tendency for elastic texture to give way to granoblastic texture. Pyrite 

and other sulfides (such as chalcopyrite, and chalcocite in the south) are 

present along with the usual magnetite, ilmenite and hematite. 

Environment of deposition. 

Most Todos Santos rocks in the Comayagua Quadrangle consist of 

material derived from humid uplands that were composed of metamorphic rocks. 

This elastic material accumulated as alluvial fans in semiarid fault troughs. 

Some of these structural basins may have been closed depressions. The climate 

was probably quite similar to the present one in the region, but topography 

was more subdued. Considerable volcanism and intermittent tectonic activity 

is recorded in the Todos Santos rocks of the Comayagua region. Geologists 

working elsewhere in Honduras and Central America also have found that these 

general conditions existed during deposition of the Todos Santos (Woodring, 

1954; Mills et!.!._., 1967; Dengo, 1968; to mention only a few). 

Texture, composition, lithology, and sedimentary structures of the 

Todos Santos all indicate deposition in alluvial fans. However, the small 

portion of the section consisting of conglomerate, and the relatively small 

grain size of most of the conglomerate, suggest that either most of the 

Todos Santos in this region represents sediment deposited some distance down 

fan from the highlands, or that the highlands were of relatively low relief . 
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Another contributing factor to the small grain size is that metamorphic 

rock clasts break down rapidly during transportation. One rarely sees 

cobble-size clasts of metamorphic rocks in the Rio Humuya, the river that 

drains the metamorphic outcrop area today, even though it carries boulder

size pieces of volcanic and sedimentary rocks. The only location in the 

Comayagua Quadrangle where cobble conglomerates occur in the Todos Santos 

is where the formation is thin and rests direclty on the metamorphic rocks. 

In general, the formation thickens rapidly away from the present 

outcrop of the metamorphic rocks. This, and the abundance of metamorphic 

rock fragments in the Todos Santos, suggest that the metamorphic rocks 

formed a highland source area adjacent to fault troughs during Todos Santos 

deposition. 

Some plagioclase grains in the Todos Santos are extremely fresh and 

others in the same sample are weathered. This relationship suggests erosion 

and deposition under conditions that were humid at least part of the time. 

Some of the fine-grained rocks rich in volcanic material may 

actually represent either air-fall or ash-flow tuffs. However, many of 

these volcanic-rich rocks contain at least some material derived from a 

metamorphic terrain. Mixing could be accomplished either by dropping the 

volcanic ash directly into a quiet depositional environment such as a lake, 

or by washing the ash falls off the uplands and redepositing them on alluvial 

fans as mud flows. Whatever the mode of deposition, the preservation of 

delicate shard structures and extremely angular grain boundaries precludes 

all but a minimum of abrasive transportation. Several of the volcanic-rich 

beds contain clasts of limestone that under the microscope appear to be 

carbonate mud balls. In these rocks, carbonate material also replaces a 

significant portion of the goundmass. This could be the result of deposition 
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in a lake or calichefication of a mudflow. 

The fine-grained, bimodal, opaque mineral-poor sandstone in the 

upper part of the formation may represent material that accumulated in dunes 

(R. L. Folk, April 1970, personal communication) that formed near the end 

of Todos Santos deposition after topography had been reduced to low relief, 

possibly near sea level. Dunes may have formed landward of the transgressing 

sea in which the Yojoa carbonate rocks were deposited. There is little 

evidence of the fine lamination usually characteristic of sand dunes. If 

these deposits were dunes, the transgressing sea in which the Yojoa carbonate 

rocks were deposited could have reworked the sand, destroying the laminar 

bedding, or the sand may have been blown into a body of quiet water such 

as a lake or a lagoon. 

Age and stratigraphic relationships. 

The Todos Santos Formation did not contain any fossils where observed 

in the Comayagua Quadrangle. Elsewhere in Honduras, the Todos Santos rocks 

are only sparsely fossiliferous, and Mills et~· (1967) assigned the 

formation a Jurassic age based principally on its stratigraphic position. 

They also feel that the Todos Santos Formation may be equivalent to the 

undefined elastic rocks that overlie the El Plan Formation (Carpenter, 1954) 

near San Juancito, SO kilometers to the east. At San Juancito, the El Plan 

Formation contains Late Triassic or Early Jurassic plant fossils (Newberry, 

1888; Knowlton, 1918), and the overlying siltstone and sandstone contains 

Middle or Late Jurassic pelecypods (Mills et~.). At various localities, 

Mills et al. found that the carbonate rocks at the base of the overlying 

Yojoa Group contain Neocomian or Aptian faunas. 

Sapper (1937) first used the name Todos Santos for a sequence of 

red, yellow, and brown sandstone, conglomerate, shale and rare limestone 
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exposed near the village of that name in western Guatemala, and noted 

(p. 27) that similar rocks existed in central Honduras. Unfortunately, 

Carpenter (1954) demonstrated that some of the rocks in Honduras that 

Sapper had suggested were equivalent to the rocks at Todos Santos, lie 

stratigraphically above and below what is now known as Todos Santos 

Formation in Honduras. However, Sapper's observation was basically 

correct, and Mills~~· used the name Todos Santos Formation to designate 

the red elastic rocks that overlie the Paleozoic metamorphic rocks (or El 

Plan Formation where present) and underlie Cretaceous carbonate rocks. 

Formerly, these rocks were considered to be part of the Metapan Formation 

(Sapper, 1899; Schuchert, 1935; Weaver, 1942; Imlay, 1944 a and b; Roberts 

and Irving, 1957). 

Mills et~., in their reconnaissance of Mesozoic stratigraphy in 

Honduras, observed outcrops of the Todos Santos Formation from the Gracias a 

Dfos Departmento in the extreme eastern part of the country, to Santa Barbara 

Departmento bordering Guatemala in the west . 

The two of us that have mapped the Todos Santos Formation in the 

Valle de Comayagua region (Everett and Fakundiny, 1969) would agree with 

Bohnenberger (1966, in Anderson, 1969) that at the present state of knowledge, 

the formation should not be further subdivided and the term "Todos Santos'' 

should be used in the sense of Sapper . 

Todos Santos beds lie nonconformably on the low-grade Paleozoic 

metamorphic rocks truncating structures in the metamorphic sequence. In the 

Comayagua Quadrangle this relationship is exposed only north of the Rio 

Majada. The uppermost measurable Todos Santos beds are concordant with the 

lowermost measurable beds in the superjacent Yojoa Group . However, the 

precise relationship at the contact is obscured either by float from the 
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carbonate cliffs above, or by extensive shearing in the marly lower portion 

of the Yojoa Group. At several localities (e.g., south side of the stream 

grid square 4094, south of Mata de Cana in grid square 3000, and west of 

the faults in grid square 2901) the Todos Santos grades upward from inter

bedded conglomerate and mudstone to as much as 20 meters of fine-grained, 

grayish-orange to grayish-olive sandstone. This may indicate that the 

contact is the gradational portion of a transgressive sequence. 

Yojoa Group 

Mills et ~· (1967) proposed the name Yojoa Group for the sequence 

of carbonate rocks that separate the older and younger sequences of red 

elastic rocks. They noted that a group designation was desirable, "because 

the various facies in places are difficult to identify in the field . " 

(p. 1,721). Elsewhere in Honduras, Mills et~· assigned four named 

formations to the Yojoa Group. These are from oldest to youngest: Cantarranas 

Formation, llama Formation, Atima Formation, and Guare Formation. This 

sequence is somewhat ideal in that all four formations have never been seen 

in the same area. It is farily certain (Mills~~.) that at least parts 

of the llama and Guare Formations are lateral equivalents of parts of the Atima 

Formation. 

In the Comayagua Quadrangle, only the Cantarranas and Atima Formations 

crop out. Cantarranas rocks are only locally present beneath the thick-bedded 

Atima limestone. I regarded the Cantarranas as an occasionally present basal 

facies of the Atima and combined the two formations as a single map unit. 

General appearance. 

The Cantarranas Formation consists of intercalated thin-bedded lime

stones and marls. Most beds are less than 10 centimeters thick and are 
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somewhat irregular with gently undulating bedding surfaces. In deformed 

areas such as the anticline north of Comayagua (grid squares 2901 and 2902), 

the rather distinctive bedding form is destroyed by slaty cleavage and kink 

banding (pl. IV). This penetrative shearing is a consequence of the 

Cantarranas having a lower effective viscosity during deformation than the 

overlying and underlying rock units. Fossils are little damaged as their 

effective viscosity was higher than the surrounding thin-bedded marl and 

limestone. 

The overlying Atima Formation is a thick to very thick-bedded fine

grained limestone with a strong petroliferous odor. Beds range from 0.3 to 

2.3 meters thick and are separated by thin calcareous shales. Bedding 

surfaces are usually smooth and planar to slightly undulating. However, at 

most localities, almost all bedding surfaces are strongly modified by solution 

and are intricately fluted and rilled. At some localities, etched-out, 

partially silicified molluscan shells stud bedding surfaces. Where the 

formation dips steeply, it forms tombstone-shaped outcrops. 

Fresh specimens of both the Cantarranas and Atima limestones are 

medium dark to dark gray. Cantarranas outcrops weather grayish orange; Atima 

outcrops, on the other hand, weather to a less yellowish, light to very light 

gray. At several localities, notably near coordinates 315005, beds of Atima 

limestone are thoroughly iron stained and are a moderate brown. 

The Atima Formation is the most resistant sedimentary rock unit in 

the map area. It caps ridges and forms spectacular cliffs at several 

localities (e.g., Cerro Volcati and Cerro Buena Vista, both east of Comayagua 

(pl. IV). The Cantarranas, where present, forms an inconspicuous slope 

below the Atima. 
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PLATE IV 

A. Atima limestone exposed in 200-meter high cliffs near the axis of a 
large asymmetrical west-northwest-trending anticline at Cerro Volcan 
(grid square 3996). The view is looking east with 800 meters total 
relief visible . 

B. Slaty cleavage developed in marly thin-bedded Cantarranas Formation 
exposed in road cut on the north flank of an anticline north of 
Comayagua (coordinates 295021). Fossils collected here are little 
strained. View is to the east. (Hammer is 36 centimeters long.) 

C. Kink banding of the claty cleavage in the Cantarranas. Picture was 
taken about 100 meters south of B. (Hammer is 30 centimeters long.) 

D. Thin-bedded mudstone and siltstone of the Valle de Angeles Group 
exposed in a stream valley near the Carretera del Norte about 6 kilo
meters north of the Comayagua Quadrangle. Paul Fakundiny (1.8 meters) 
provides scale. 
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Outcrops of both the Cantarranas and Atima support a moderately 

dense growth of deciduous thorny scrub jungle below about 1,000 meters. 

From 1,000 to about 1,800 meters, the formations are covered with mixed 

tropical pine and broad-leaf forests. Above 1,800 meters, everything is 

covered with high-altitude rain forest. At a number of locations on what 

appear to be impossible slopes, local farmers have cleared the formations 

and planted corn~ sugar cane, and bananas in the sparse but rich soils 

between the carbonate boulders. Another local industry that thrives on 

Yojoa outcrops is lime burning. Any of the numerous primitive lime kilns 

dug into hillsides at various locations in the map area is a sure sign that 

one is on or quite near outcrops of Yojoa carbonate rocks. 

Near El Sitio (grid square 3200) and in the southwest (grid square 

2384), Atima limestone has been silicified to a black, tough, somewhat 

porous rock. This rock does not look at all like usual Atima, but is 

important because it seems to be a guide to mineralized zones. 

Distribution and thickness. 

Cantarranas rocks are present beneath the Atima in the low hills 

north of Comayagua, and actually form dip slopes on a few small hills in 

the vicinity of the village of Valle de Angeles. In this area, the 

Cantarranas is thoroughly sheared. 

The Atima forms the low ridges north of Comayagua and the ridge 

west of El Sitio. In the Montana de Comayagua, it forms impressive dip 

slopes over most of grid squares 3602 and 4598. The Atima crops out in 

folds over much of Cerro Buena Vista, Cerro Volcan, Cerro Copet6n, and the 

area east of the Rio Canquigile in the vicinity of coordinates 410950. In 

the southwest, Atima crops out in grid squares 2384 and 1988. 
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At the type section SO kilometers to the east, the Cantarranas 

Formation is more than lSO meters thick (Carpenter, 19S4). At many localities 

in the Comayagua Quadrangle, the Cantarranas is not present beneath the Atima 

Formation. Where it is present it is not more than lS meters thick (Appendix I). 

The Atima Formation is about 700 meters thick at the south end of Lago 

Yojoa (Mills et~·· 1967), 60 kilometers to the northwest. I measured 3SO 

meters of Atima near Mata de Cana north of Comayagua (Appendix I). In the 

southwest, in grid square 2384, the formation is SO to 7S meters thick and 

completely silicified. This change in thickness is consistent with thinning of 

the formation at the south end of the Ulua basin (Mills et~.). 

Lithology, alteration, and environment of deposition. 

Where the Cantarranas is unsheared, it consists of alternating beds 

of medium dark gray biomicrite and calcareous shale. Where the formation is 

sheared, it is homogenized to a pale yellowish-brown clayey biomicrite or 

biomicrosparite (pl. IV). 

Where observed in the Comayagua Quadrangle, the Atima consists of 

dark gray fine-grained limestone. One specimen collected from the section 

measured north of Comayagua, is a recrystalized carbonate rock consisting of 

80 percent fine crystalline dolomite. The rest of the section consisted 

mostly of sparse biomicrites, sparse pelmicrites, and sparse biomicrosparites 

and biosparites with some pelecypod fragment and foraminiferal biomicrites and 

biopelmicrites. Fossils present are foraminifera (Orbitolina, Textularia, and 

miliolids) pelecypod and oyster shell fragments, and occasional echinoid 

fragments and ostracods. Some of the shell fragments appear to have rims of 

algae. All of the rocks contained about 1 percent quartz silt and occasional 

pyrite, which has given rise to some limonite staining. A few of the fine

grained limestones are burrowed. Most limestone beds have numerous calcite
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filled fractures and a few quartz-filled fractures. There does not seem 

to be any consistent age relationship between the calcite and quartz-filled 

fractures. In thin section, most of the limestones showed some shearing. A 

few specimens contained stylolites. 

In addition to the fossils mentioned above, the Yojoa rocks contain 

several types of clam steinkerns, several types of rudistids, oysters 

(Gryphaea, Exogyra, and others), and echinoids (Enallaster, and Epiaster 

types). Unfortunately, all our paleontological material was lost in the 

confusion when the airline on which it was being shipped went out of business. 

Silicified Atima is porous (7 percent porosity estimated from thin 

section) and has either a fine-grained granoblastic texture or a curious 

decussate texture of elongate length-slow quartz crystals. These rocks are 

95 percent or more quartz and contain as much as 5 percent finely divided 

magnetite and pyrite. Recognition of these rocks as Atima is based on 

stratigraphic position and relics of foraminifera that survived silicifi

cation. 

The texture and fauna of the Yojoa carbonate rocks in the Comayagua 

quadrangle suggest quiet water deposition. Mills et al. (1967) described 

reef facies in the Atima to the north. The rocks in the Comayagua Quadrangle 

were probably deposited in a lagoon between the reefs to the northwest and 

the shoreline of the Ulua embayment. 

Age and stratigraphic relationships. 

Everywhere it is present, the Yojoa Group is probably Aptian and 

Albian in age based on the paleontologic work of a number of people 

(Schuchert, 1935; Miillerried, 1942b; Carpenter, 1954; Woodring, 1954; 

Mills et~·· 1967). In some areas, the Cantarranas may be as old as 

Neocomian, and in places, the Atima may be as young as Turonian or Cenomatiian 

(Mills ~ ~·). 
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Carpenter applied the name Cantarranas to a sequence of gray lime

stone, calcareous shale and calcareous siltstone that he found overlying 

unnamed Jurassic sediments in the Montana de San Juancito 50 kilometers to 

the east. He noted that these beds were probably equivalent to part of the 

Metapan described by Weaver (1942, p. 180). 

Mills et ~· named the thick-bedded dark gray Lower Cretaceous lime

stone of the Yojoa Group, Atima Formation. They noted that the Atima was 

probably equivalent to Cohan and Ixcoy limestones of Guatemala (Walper, 1960; 

Vinson, 1962, Crane, 1965; Burkart, 1965). Mills et~· suggested that these 

Guatemalan limestones were probably deposited in a different basin and had a 

different depositional history from the Atima. 

The thin-bedded marly Cantarranas grades upward into the thick-bedded 

Atima within 1 or 2 meters. This zone is covered by float from the overlying 

Atima at most localities so the precise changes that take place are hard to 

document. 

The contact between the Atima Formation and the overlying Valle de 

Angeles Group seems to be conformable but abrupt. That is, in the few 

localities where the contact is moderately well exposed, there does not seem 

to be erosion of the top of the Atima, but elastic sedimentation apparently 

started abruptly without any gradation to sandy limestone, calcareous sand

stone, etc. 

Valle de Angeles Group 

Overlying the carbonate rocks of the Yojoa Group is a second sequence 

of red elastic rocks. These Carpenter named the Valle de Angeles Formation. 

Mills et ~· (1967) raised the term Valle de Angeles to a group level and 

included the light brown, fossiliferous, Eocene Esquias Formation in the group. 
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Hence, the Valle de Angeles Group includes all redbeds and limestones above 

the Yojoa Group and below the Tertiary volcanic rocks. 

It is the redbeds of the Valle de Angeles Group that crop out in 

and around the Capital that Fritz-Gaertner (1891) called Tegucigalpa 

Formation. Sapper (1905) erroneously lumped these rocks with the Triassic 

or Jurassic black shales near San Juancito and formally named the Tegucigalpa 

Formation. 

No Esquias Formation crops out in the Comayagua Quadrangle. 

General appearance. 

In the Comayagua Quadrangle, the Valle de Angeles Group consists 

of sandstone, siltstone, and mudstone with occasional conglomerate, and is 

quite similar to the Todos Santos Formation. The overall color of the 

entire sequence is grayish red, but individual beds are grayish red, pale 

red, dusky red, grayish orange, and light yellowish brown. Adjacent to 

dikes, the rocks are bleached to a grayish orange, or grayish yellow. 

Some beds of conglomerate are 1.5 meters thick. Most beds of silt

stone and mudstone are less than 20 centimeters thick with 10 centimeters 

being the average thickness (pl. IV). Bedding surfaces, where exposed, 

seem to be smooth and planar. Bedding is determined by abrupt changes in 

grain size and by very thin clay breaks. There is no obvious grading of 

grain sizes within particular beds or among adjacent beds. In general, 

individual beds appear continuous over considerable distances, but verifi

cation of this is frustrated by faulting and folding. 

Ripple marks, small-scale cross-beds, scour channels, and small 

soft sediment deformation features are common sedimentary structures in 

the Valle de Angeles. 
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The Valle de Angeles is less resistant to erosion than the under

lying carbonate rocks or the overlying volcanic rocks. Consequently, it 

forms steep slopes between the two more durable rock types where beds are 

relatively flat lying or is eroded away leaving a low area where beds dip 

steeply. Moderately thick forests of tropical pine with a few oaks cover 

the slopes in most places. Outcrops of Valle de Angeles and Todos Santos 

look alike at a distance and on air photographs. 

Distribution and thickness. 

Valle de Angeles rocks crop out beneath Cenozoic volcanic rocks 

along the east side of the valley from Mata de Platano (grid square 3697) 

to La Canada (grid square 3993) and over a large area south and east of La 

Sampedrana (grid square 4296). Along the road to La Libertad, north of 

Comayagua, Valle de Angeles rocks overlie the Yojoa Group on both limbs 

of the east-trending anticline. Valle de Angeles also crops out in the 

valleys that cut the highlands on the west side of the valley south and 

west of Ajuterique. 

As with the Todos Santos, extensive folding and faulting and the 

absence of recognizable marker beds preclude accurately measuring a section 

of the Valle de Angeles anywhere in the Comayagua Quadrangle. However, it 

is almost certain that a minimum of 1,000 meters of the group is prsent in 

the vicinity of La Sampedrana. Carpenter (1954) estimated that 3,300 meters 

of the group are present northeast of Tegucigalpa. Carpenter's estimate is 

probably too high because the section has been repeated by folding and 

faulting. Mills et al. (1967) suggested that the thickness is closer to 

l,600 meters. 
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Lithology. 

The sandstones and conglomerates of the Valle de Angeles Group, 

which were examined in thin section, are all litharenites (mostly sedi

mentary rock-fragment phyllarenite, sedlithite or subsedlithite with 

occasional chert arenite and volcanic arenite). The most obvious clasts 

in these rocks are white metaquartzite. Some of these clasts are subrounded 

suggesting a second cycle .of deposition. 

In the sandstone and conglomerate of the Valle de Angeles, clasts 

are better sorted and better rounded, metamorphic rock fragments are less 

common, and sedimentary rock fragments are more common than in comparable 

rocks of the Todos Santos. As in the Todos Santos, magnetite, hematite, 

ilmenite, leucoxene and rarely pyrite, are the most common opaque minerals. 

Clay, hematite and occasionally quartz are cementing material. 

Specimens from the lower 120 meters of the Valle de Angeles on the 

north flank of the anticline north of Comayagua contain up to 20 percent 

plagioclase, 10 percent volcanic quartz, and 30 percent volcanic rock 

fragments. Many of the plagioclase grains are subrounded and weathered, but 

a few grains are euhedral, fresh, and very angular. These observations 

suggest appreciable volcanism accompanied deposition of the lower part of 

the Valle de Angeles and that most of the volcanic material underwent some 

transportation by water before coming to rest. 

In the lower 120 meters of the section, there are also several 1.5

meter thick beds of quartz-cemented, immature, sedimentary rock fragments, 

quartz phyllarenite pebble conglomerate. Throughout the rest of the Valle de 

Angeles section, conglomerate comprises less than 5 percent of the section 

and is much rarer than in the Todos Santos Formation. Siltstone and mudstone 

comprise the bulk of the section and are more common in the Valle de Angeles 

than in the Todos Santos. 
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In the upper part of the Valle de Angeles, in the vicinity of grid 

square 1992, volcanic material, especially dacite, andesite, and basalt 

fragments, are common. Rocks in this part of the section are orthoclase 

and plagioclase volcanic arenite pebble conglomerates. These rocks may 

actually be Subinal Formation (Williams and McBirney, 1969), but the 

andesitic flows of the Matagalpa Formation that normally lie between the 

Valle de Angeles and Subinal-type rocks elsewhere on the west side of the 

valley are absent. These volcanic arenites seem to be in normal sedimentary 

sequence with the rest of the Valle de Angeles and may represent a period of 

explosive volcanism at the end of the Valle de Angeles deposition. Williams 

and McBirney suggested that volcanism began about this time in this part of 

Central America, and they found considerable volcanic material in the Esquias 

Formation 20 kilometers to the north. These rocks contain anhydrite-bearing 

chalcedony with length-slow silica fibers that J. S. Pittman and R. L. Folk 

(personal communication, April 1970) believe is associated with evaporite 

deposition. 

Valle de Angeles rocks like those of the Todos Santos Formation show 

extensive evidence of post-depositional deformation. This evidence includes 

incipient interpenetration of quartz clasts, squeezing of phyllite and 

schist fragments, and bending of plagioclase twinning larnellae. 

In the Comayagua Quadrangle, Valle de Angeles rocks contain very 

few clasts of Yojoa carbonate rocks. Yojoa rocks seem to be present every

where between the Todos Santos and the Valle de Angeles. These relationships 

suggest that the uplift that brought on the Valle de Angeles elastic deposition 

occurred outside the Comayagua Valley region. One possible source is the 

Montana de San Juancito SO kilometers to the east where Carpenter (1954) 

reported that the Valle de Angeles rests on upturned Canterranas. A second 
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possibility would be to derive the Valle de Angeles rocks from parts of the 

old metamorphic high that were not covered by Yojoa carbonate rocks after 

regional uplift. This would imply that grain size of the Valle de Angeles 

rocks should increase to the north; a relationship not obserwed. The 

presence of fossiliferous Esquias to the north suggests a regional slope 

and sediment transportation in that direction. This seems to leave the 

alternative that the source area was to the south or west, a possibility 

hard to assess because possible source rocks are covered by a thick sequence 

of Cenozoic volcanic rocks. Unfortunately, there are not enough outcrops 

where reliable sediment transport direction data can be obtained, to suggest 

a source direction. 

Environment of deposition. 

Grain size, texture, mineralogy, and sedimentary structures suggest 

that Valle de Angeles rocks represent deltaic deposits or stream channel and 

flood plain deposits. Partially weathered feldspars indicate that the climate 

in the source area was humid. The presence of the Esquias carbonate rocks in 

the Valle de Angeles Group at other localities suggest that deposition took 

place near sea level and that the sea may have been near by. The complex 

sequence of rocks (which includes some volcanic arenite) at the top of the 

Valle de Angeles Group was probably deposited during the early part of the 

orogenic episode that folded and faulted the sedimentary rocks of the area 

prior to the onset of the main phase of the volcanic episode that produced 

the Matagalpa rocks. Anhydrite-bearing chalcedony with length-slow silica 

fibers in some of these rocks indicates that some deposition took place in 

evaporite basins. Gypsum along bedding planes and fractures seen in exposures 

along the road to Siguatepeque in the El Rosario Quadrangle suggest that 

evaporite conditions were more widespread to the north. 
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Age and stratigraphic relationships .. 

Based on stratigraphic position and paleontologic evidence, Mills 

et ~· (1967) considered the Valle de Angeles Group to be Late Cretaceous 

to middle Tertiary age. The youngest Yojoa rocks are Cenomanian or Turonian. 

Where it has been studied, the Esquias Formation seems to be Late Cretaceous 

or Eocene (Mills et!!._; Weaver in Schuchert, 1935). Williams and McBirney 

(1969) reported that a specimen from the base of the overlying volcanic 

section near Comayagua yielded a K/Ar date of about 18 m. y. 

Uppermost Yojoa beds and lowermost Valle de Angeles beds are con

cordant, and the sequence is apparently conformable, but the change from 

carbonate rocks to elastic rocks is abrupt with little, if any, gradation. 

The upper contact is more complex in that sedimentation and erosion 

were going on at the same time during the early phases of the deformation 

that folded the Valle de Angeles and older rocks. A wide variety of Cenozoic 

rocks overlie the Valle de Angeles with angular unconformity with the amount 

of discordance varying from place to place (fig. 4). 

In the southwest part of the map area, andesite flows of the Mata

galpa Formation overlie the Valle de Angeles at most localities. Elsewhere 

along the west side of the valley, younger siliceous volcanic rocks rest on 

the Valle de Angeles. In the northwest part of the area (vicinity of grid 

square 2503) a 30-meter thick section of bouldery pebble gravel overlies 

the Valle de Angeles. To the east, this gravel becomes a thin lag deposit 

of boulders and cobbles lying between the Valle de Angeles and siliceous 

volcanic rocks. Along most of the east side of the valley, siliceous 

volcanic rocks rest on the Valle de Angeles with only occasional cobbles 

between. 
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Figure 4. Stratigraphic relationships at the top of the 
Valle de Angeles Group. Valle de Angeles Group 
(Kva), Matagalpa Formation (Tm), Subinal Formation 
(Ts), Palo Pintado gravel (Tpp), and Padre Miguel 
Group (Tp). 

As several localities, a IO-centimeter thick red-clay paleosol 

developed on top of the Valle de Angeles (e.g., grid coordinates 386946, and 

on the Carreterra del Norte about 15 kilometers north of Comayagua). 

Mills et ~· have described Valle de Angeles rocks from many parts 

of Honduras. According to them, the group is present from Copan Depart

ments in the westernmost part of the country to Colon Departmento in the 

easternmost part of the country. The extent of Valle de Angeles rocks 

outside of Honduras is not known for certain. The group is, in part, equi

valent to the Metapan of El Salvador and Guatemala, and the upper part of 

the Valle de Angeles may be equivalent to the Subinal Formation (Hirschmann, 

1962) of Guatemala (Mills et~.). The confusion between the Subinal and 
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Valle de Angeles arises because in parts of Honduras, considerable volcanic 

material occurs in the upper part of the Valle de Angeles. However, the 

Subinal was deposited after the Valle de Angeles Group was folded and is 

younger than Metagalpa volcanic rocks (Williams and McBirney, 1969). 

TERTIARY VOLCANIC ROCKS 

Two distinctive types of volcanic rocks crop out in the Comayagua 

Quadrangle: (1) andesite flows and related pyroclastic and water-laid 

sediments of the Matagalpa Formation and (2) the overlying thick package 

of siliceous ignimbrites, closely related air-fall tuffs, rhyolite flows, 

and water-laid sedimentary rocks of the Padre Miguel Group. Locally, a 

thin section of redbeds probably equivalent to the Subinal Formation, 

separates the Matagalpa flows from the siliceous volcanic rocks. Williams 

and McBirney (1969), from their reconnaisance of the volcanic rocks of 

Honduras, found that these relationships exist elsewhere in the country. 

Matagalpa rocks are only locally present, but the younger siliceous rocks 

nonconformably overlie all the older rock types exposed in the map area. 

MATAGALPA FORMATION 

McBirney and Williams (1965) named the basalt and andesite lava 

flows and pyroclastic deposits that underlie the Miocene siliceous ignim

brites, Matagalpa Formation, for the excellent exposures of these rocks 

near Matagalpa in northwestern Nicaragua . They include within this formation 

those rocks that were discharged during an episode of subaerial volcanism 

recognized throughout most of Central America and many parts of Mexico 

(Williams, 1960; Williams and McBirney, 1969; Williams, McBirney and Dengo, 

1964). On the basis of lithology and stratigraphic position, the andesite 

flows lying between the deformed and eroded Mesozoic and earliest Tertiary 
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sedimentary rocks, and the Miocene siliceous volcanic rocks in the Comayagua 

Quadrangle, are correlated with the Matagalpa Formation. 

In the Comayagua Quadrangle, the Matagalpa Formation consists of 

several andesite flows and has a maximum aggregate thickness of about 100 

meters. These rocks form dark reddish-brown or dusky-red cliffs and ledges 

along streams, and steep, irregular, rubble-covered hills elsewhere (pl. V). 

The andesite weathers to moderate red soil. These resistant flows form 

spectacular waterfalls on several of the streams that cut the highlands in 

the southwestern part of the map area (one of the nicest falls is on the 

Rio Tepanguara in grid square 2187, pl. V). Fresh specimens of the andesite 

are grayish brown with dark reddish-brown or black spots up to 3 millimeters 

long that appear to be heavily iron-stained clay pseudomorphs after augite or 

hornblende. The well-developed trachytic texture is hard to find in hand 

specimen, but can be easily seen in thin section. 

Exposures of Matagalpa flows show only a few distinct breaks that 

probably mark flow unit boundaries. Based on this assumption, individual 

flows seem to be about 20 meters thick. At various localities, tops of flows 

are marked by calcite or chalcedony-cemented flow breccias, calcite or 

chalcedony-filled vesicle zones, and green copper staining. Because of 

limited exposures and extensive faulting, I was unable to determine whether 

these zones have any stratigraphic significance. 

At a distance, slopes of Matagalpa can be confused with outcrops of 

redbeds because the color of the rocks and nature of the vegetative cover 

are similar. However, these are the only andesite flows present in the area. 

Distribution. 

The Matagalpa Formation is exposed only in the highlands south and 

west of Ajuterique. In this area it crops out in gently tilted fault blocks. 
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PLATE V 

A. Looking west at a waterfall on the Rio Tepanguara (grid square 2187) . 
Fall is over resistant flows of the Matagalpa Formation. Fall is 
about 70 meters high, and the flows are about 100 meters thick at this 
location . 

B. Thick resistant La Sabana and Cerro la Caiiada ignimbrites exposed in 
the Canyon of the Rio Selguapa west of El Taladro. Boulders in the 
foreground are about 3 meters in diameter. Background canyon walls are 
about 200 meters high. View to the west. 

C. and D. Upper two-thirds of the Palo Pintado section of ignimbrite and 
associated air-fall water-laid tuff and sedimentary rock (grid square 
2502). View to the south. 
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111e best exposures of the formation are in the canyons cut by streams in 

the area, especially the Rio Tepanguara. Even in this part of the map area, 

Matagalpa rocks are not everywhere present at the base of the siliceous 

volcanic rocks. Elsewhere in the map area, all exposures of the base of 

the volcanic section show siliceous volcanic rocks resting directly on 

eroded Mesozoic and early Tertiary sedimentary rocks. 

Williams and McBirney (1969) noted basalt outcrops near the north

west edge of the Valle de Comayagua near Palo Pintado (grid square 2504) in 

the El Rosario Quadrangle and suggested the Matagalpa Formation might crop 

out there. A basalt flow does crop out in this area, but it lies strati

graphically 100 meters above the base of the Miocene ignimbrite section. A 

basalt dike that may have been a feeder to the flow, crops out in the road 

at coordinates 269030. 111e dike cuts and bakes siliceous tuffs. 

Lithology. 

Specimens of Matagalpa flows in the Comayagua Quadrangle are dark

colored, hornblende andesite with well-developed trachytic texture. Horn

blende in most specimens has been partially or completely altered to a 

mixture of fine-grained chlorite and magnetite. Where it is unaltered, the 

hornblende shows light to dark green pleochroism. Several specimens are por

phyritic with 1 millimeter phenocrysts of plagioclase that are slightly more 

calcic (approximately An ) than the 0.2 millimeter plagioclase crystals in45

the groundmass (approximately An ). Most of the plagioclase phenocrysts30

show some degree of alteration. Some are almost completely saussuritized, 

others are partially replaced by calcite. All of the rocks contain 2 percent 

or more fine-grained magnetite and hematite. Some of the rocks have calcite 

and chalcedony-filled vesicles. 
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At the tops of some of the flows, there is a zone of calcite or 

chalcedony-cemented andesite breccia. The calcite seems to have partially 

replaced some of the grains. Some of these rocks may be thin lapilli tuffs 

between flows, whereas others are clearly the autobrecciated tops of flows. 

Age and stratigraphic relationships. 

All that is known of the age of the Matagalpa Formation is that 

the youngest rocks it overlies are the Late Cretaceous to Eocene rocks of 

the Valle de Angeles Group, and that the oldest dated overlying rocks are the 

mid-Miocene siliceous volcanic rocks. Valle de Angeles rocks were folded, 

faulted, and eroded before the Matagalpa flows occurred. The Matagalpa 

flows were faulted, tilted, eroded, and locally hydrothermally altered 

before the main ignimbrite eruptions (Williams and McBirney, 1969). How 

long these periods of erosion and nondeposition were is unknown. The age 

of the formation could be anywhere from Eocene to mid-Miocene. 

McBirney and Williams (1965) and Williams and McBirney (1969) 

reported the presence of the Matagalpa Formation at a number of localities 

throughout Honduras and Nicaragua. They feel that the pre-ignimbrite 

Colonia andesitic tuffs and breccias, Crucero tufaceous dacite flows, and 

Plancitos Formation described by Carpenter (1954) from the Rosario mining 

district are, in part, Matagalpa Formation, with the upper part of the 

section probably the time-equivalent of the Subinal Formation. 

Matagalpa lavas and pyroclastic material were discharged onto a 

surface of considerable relief cut on Paleozoic metamorphic rocks and folded 

and faulted Mesozoic to earliest Tertiary sedimentary rocks (Carpenter, 1954; 

and Williams and McBirney, 1969). The rugged topography restricted the 

initial distribution of the formation. Faulting and erosion prior to the 

deposition of the Miocene siliceous volcanic rocks further fragmented and 
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limited the distribution of the formation. Younger rocks lie unconformably 

on the eroded surface of the Matagalpa Formation. 

At a few scattered localities in the highlands south and west of 

Ajuterique, there are small outcrops of well-bedded reddish and greenish 

volcanic arenites that contain a significant portion of andesite fragments. 

At several locations, these sandstones are seen to lie on the Matagalpa 

flows and at a few localities, they rest on Valle de Angeles beds. 'Ibese 

volcanic-rich elastic rocks may be equivalent to Hirschmann's (1962) Subinal 

Formation. I did not observe these sandstones to be more than 10 meters 

thick and did not map them separately. 

Padre Miguel Group 

A thick complex sequence of Miocene and possibly Pliocene siliceous 

ignimbrite (ash-flow tuff of Smith, 1960; Ross and Smith, 1961, p. 3), air

fall tuff, a few lava flows, and derived sedimentary rock rest on the 

Matagalpa Formation and the eroded surfaces of all the older rocks exposed 

in the map area. Similar rocks cover vast areas across southwestern 

Honduras. 'Ibey extend more than 250 kilometers into Nicaragua, well into 

Guatemala, and into eastern and northwestern El Salvador (Williams and 

McBirney, 1969). Williams and McBirney estimated that the ignimbrites 

covered at least 50,000 square kilometers and had a minimum volume of 5,000 

cubic kilometers in Honduras alone. 

Dupre (1970) made a detailed study of these rocks in the Zambrano 

Quadrangle, diagonally southeast from the Comayagua Quadrangle. Here the 

volcanic rocks were less faulted than those in the Comayagua Quadrangle, thus 

making it possible to work out the detailed stratigraphic relationships 

between ignimbrite packages and associated sedimentary rocks. We found 

that volcanic rock units correlate relatively well between the two quadrangles. 



48 

Williams and McBirney in their report on the volcanic history of 

Honduras, discussed the overall stratigraphic relationships, composition, 

lateral variation, and distribution of these rocks, all of which were 

exceptionally useful for relating the information found in the Comayagua 

Quadrangle to a regional framework. 

The term ignimbrite, in this report, is used as defined by Cook 

(1965); that is, a mappable sheet-like deposit of relatively non-stratified 

and non-sorted pyroclastic material probably of nuee ardente origin. Ignim

brite and ash-flow tuff (Smith, 1960; Ross and Smith, 1961, p. 3) are taken 

to be approximately equivalent terms. Cook's definition does not imply 

anything about degree of welding. Thus, sillars (indurated non-welded 

ash-flow tuffs) and welded ash-flow tuffs both are types of ignimbrites. 

Smith (1960) noted that many of what have been called sillars are indeed 

incipiently welded, thus making the distinction between welded tuffs and 

sillars even less distinct. This report also uses Cook's (1965) scheme of 

nomenclature for these rocks (fig. 5). 

General appearance. 

Flat-lying and gently-dipping exposures of the Padre Miguel G~oup 

are eroded into irregular cliffs and steep slopes (e.g., the highlands in 

the northwest part of the map area, pl. V). Moderately dipping outcrops 

of the unit form cuestas, with dip slopes cut on the more resistant units 

(e.g. west of the Carretera del Norte at the north edge of the map area, 

north of Comayagua, and on Cerro la Canada at the east edge of the valley, 

pl. V). 

Most outcrops of Padre Miguel rocks weather to yellowish gray, or 

medium dark gray. It is only in deep canyons that one can see the reds, 

pinks and purples that are characteristic of relatively fresh samples of 

the ignimbrites. 
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Most of the rocks in the group are somewhat porous and permeable. 

Weathering affects these rocks to considerable depth. On some units, 

weathering processes produce a dark, hard, surficial crust that covers a 

light-colored, soft, clayey interior. Densely welded portions of the ignim

brites are less susceptible to weathering, and form steep cliffs and ledges 

(pl. V and VI). 

Ignimbrites and air-fall tuffs that comprise most of the group are 

poorly bedded and crop out as massive bedless sheets 20 meters or more 

thick. Thin well-bedded sequences of water-laid tuff and volcanic sandstone 

mark many of the breaks between individual ignimbrites and ash falls. I 

estimate that these well-bedded deposits make up about 10 percent of the 

Padre Miguel section exposed in the Comayagua Quadrangle. 

There are no outcrops of the Padre Miguel Group in the Comayagua 

Quadrangle that show the well-developed columnar jointing present in the 

Zambrano Quadrangle. However, considerable jointing is associated with and 

parallel to normal faults. These joints have provided surfaces of weakness 

along which considerable volumes of material have broken away from steep 

cliffs and cascaded down in large landslides. Examples of these landslides 

are present around Las Escaleras (grid square 1993) and where the old 

Carretera del Norte ascends steep grades on both sides of the valley. 

Spectacular arcuate slumps are another type of slope failure restricted to 

the Padre Miguel Group. Examples of these are located north and south of 

the Rio Selguapa just upstream from El Taladro (pl. VI). Outstanding examples 

of this type of failure are also present in the Siguatepeque Quadrangle 

to the northwest. 

Below about 650 meters elevation, Padre Miguel rocks support cactus 

and sparse deciduous thorn scrub. Above this level are sparse tropical 
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PLATE VI 

A. View west of a broad open northwest-trending syncline in Padre Miguel 
rocks (grid squares 1998 and 2098). Lower cliff formers are La Sabana 
ignirnbrites and upper cliff formers are Cerro la Canada and Comedor 
ignimbrites. About 1400 meters of section are exposed. 

B. Faults displacing a dark Padre Miguel vitrophyre along margin of a 
large arcuate slump in the Siguatepeque Quadrangle. Similar large 
slumps are present north and south of the Rio Selguapa upstream from 
El Taladro. Looking south of grid coordinates 116085. 

C. Gravel in an old alluvial fan at grid square 4088. Maximum boulder size 
is 2 meters. Looning west. 

D. Young pediment gravel overlying horizontal, light-colored, thin-bedded 
lake deposits in grid square 2301. Looking south. 
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pine forests that become more dense at higher altitudes. Above about 

1,200 meters, there are some farms, and coffee and citrus fincas. The 

high peaks of the Montana de Comayagua (above 2,000 meters) are covered 

with dense high-altitude rain forests. 

Distribution and thickness. 

Rocks of the Padre Miguel Group crop out over extensive areas in 

the highlands on either side of the valley and in isolated patches in the 

northern part of the valley near Comayagua. In the northern part of the 

valley, moderately south-dipping ignimbrites rest on eroded, folded, and 

in places altered, Mesozoic sedimentary rocks. At several localities in 

this area, a boulder conglomerate occurs between the sedimentary and volcanic 

rocks. At Palo Pintado (grid square 2503) the conglomerate is 32 meters 

thick, but one-half kilometer north of Comayagua there are only a few 

scattered silicified boulders at the base of the volcanic section. 

In the vicinity of Capiro (grid square 3497), the conglomerate 

of silicified boulders seems to be several meters thick between the gently 

southwest-dipping ignimbrites and the deformed and partially altered Mesozoic 

sedimentary rocks. It is from outcrops in this area that Williams and 

McBirney (1969) probably obtained the specimen of biotite and quartz-rich 

rhyolite from the base of the ignimbrite section they had dated. This rock 

yielded a date of 16.9 m. y. (K/Ar method) on the biotite. Some uncertainty 

exists about this location because they described the location as near 

Capito (p. 46 and p. 92) or, Copito (p. 86), and the base of the ignimbrite 

section as resting on Paleozoic metamorphic rocks. However, Capiro is 

close in spelling and village names change occasionally. The ignimbrite 

section rests on slighly altered Mesozoic sedimentary rocks that bear some 

resemblance to the low-rank Paleozoic metamorphic rocks. 
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In the vicinity of Cerro la Canada, the ignimbrite section dips 

gently toward the valley. These outcrops lie on the downthrown side of 

some of the graben-bounding faults. 

The high peaks of the Montana de Comayagua in the northeast corner 

of the map area are capped by deeply weathered Padre Miguel rocks that are 

cut by normal faults and are gently tilted. To the south, a sequence of 

ignimbrites which laps onto the montafta, dips gently south. Near the 

southern edge of the map area, dips become horizontal. 

The rugged topography of the northwestern part of the map area is 

cut entirely in a thick section of the Padre Miguel. Piecing together 

various segments of the section observed in this area with the section 

measured at Palo Pintado, the Padre Miguel has a minimum thickness of 

about 800 meters. The section may be as much as 1,200 meters thick, 

depending upon what assumptions one makes about correlations and thickness 

(fig. 6). 

Further south in the highlands west of the valley, the ignimbrite 

section rests on Mesozoic sedimentary rocks and locally on Matagalpa lava 

flows. Based on a brief reconnaisance of the adjoining areas to the south 

and west, the Padre Miguel was at least 850 meters thick in this area prior 

to erosion, and probably considerably thicker. 

The section seems to be somewhat thinner on the east side of the 

valley. At least 600 meters of Padre Miguel are present in the vicinity of 

La Jagua (grid square 4184) with the base not exposed. At least the lower 

500 meters of the unit are absent from the ignimbrite sections that cap the 

Montana de Comayagua, due probably to faulting and erosion that occurred 

between ignirnbrite eruptions (Dupre, 1970), and to pre-ignirnbrite topography. 
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DESCRIPTION 

Thick section of well welded crystal-vitric and 
vitric-crystal ignimbrites. Section includes 
a thick rhyolite flow or lava dome and many 
ignimbrites that are so devitrified or altered 
as 
devitrified and altered ignimbrites. There 
are numerous thin interbedded air-fall tuffs 
and volcanic arenites. This part of the section 
may be as much as 800 meters thick. 
About 100 meters up in the unnamed section 
is a reddish hornblende-plagioclase, crystal
vitric, well welded ignimbrite that is wide 
spread.
Lower 100 meters of this section correspond to 
Dupre's {1970) Comedor Ignimbrite member. 

Purple to pale pink quartz-sanidine, crystal
vitric, well welded ignimbrites and associated 
air-fall and water-laid tuff and volcanic 
arenites 

Light colored biotite-quartz-sanidine, crystal
vitric and vitric-crystal, welded ignimbrite 
and associated water-laid and air-fall tuff. 
Section contains a basalt flow whose lateral 
equivalent is a basalt boulder, quartz-sanidine
lithic-vitric sillar. 
Palo Pintado gravel locally present at the base 
of the Padre Miguel Group is a red boulder 
conglomerate composed of Mesozoic sedimentary
rock fragments {Tppl. 

Hornblende andesite trachytic flows and a few 
lapilli tuffs 

Figure 6. Stratigraphy of the Padre Miguel Group showing Dupre's (1970) 
terms. 
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Dupre estimates a minimum of 800 meters of the unit at the western 

edge of the Zambrano Quadrangle to the southeast. Williams and McBirney 

(1969) reported that the ignimbrites are particularly thick, in excess of 

900 meters, around the south end of the Valle de Comayagua and in the country 

to the west. 

Lithology. 

In his report on the Zambrano Quadrangle, Dupre (1970) discusses in 

detail such aspects of the Padre Miguel Group as the origin and petrology of 

the parent magma, source vents, welding, crystallization, and zonation. 

shall touch on these topics only as they seem pertinent to problems in the 

Comayagua Quadrangle, and will not attempt to duplicate Dupre's discussion. 

Ignimbrites constitute the bulk of the Padre Miguel section exposed 

in the Comayagua Quadrangle. The rest of the section consists of a few 

local lava flows, air-fall and water-laid tuffs, and fluvial volcanic sand

stones and conglomerates (fig. 6). 

Broken euhedral crystals of sanidine, sodic plagioclase, embayed 

quartz, biotite, hornblende, and rare anorthoclase comprise the crystal 

suites of the various ignimbrites and tuffs in the Padre Miguel Group. Most 

of the ignimbrites in the Comayagua Quadrangle appear to be welded. Eutaxitic 

structure is common and well-demonstrated by flattened pumice shards, some 

of which have been converted to black glass. Glass shards have also undergone 

compaction. 

At least some devitrification is present in all of the ignimbrites. 

Conversion of the glass shards and pumice fragments to axiolitic intergrowths 

of cristobalite and sanidine with preservation of the shard structure is the 

most common form of devitrification. Patchy devitrification similar to 

I 
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"snow-flake" structure described by Anderson (1965, 1969) is present in 

some units. Some units are completely devitrified to fine-grained struc

tureless mosaics of low-birefringence minerals. This may be the result of 

deuteric alteration or later hydrothermal activity. Some of these devit

rified units have a procelain-like texture. Fine-grained intergrowths of 

low-birefringence minerals that are the result of vapor-phase crystallization 

fill part of the pore space of most ignimbrites in the Comayagua Quadrangle. 

A poorly-bedded bouldery cobble conglomerate forms the base of the 

Padre Miguel Group around the north and east sides of the valley. The 

conglomerate is very poorly sorted, cemented with clay, and composed of 

pebbles, cobbles and boulders of metaquartzite, agate, jasper, redbed elastic 

rocks and Atima limestone (many of which have a chalcedony coating). This 

conglomerate rests with angular unconformity on the deformed Mesozoic and 

earliest Tertiary sedimentary rocks. The gravel is thickest near Palo 

Pintado (grid square 2503) where it is 32 meters thick. At other localities, 

it is represented by a few meters of silicified boulders or occasional 

cobbles scattered over the pre-ignimbrite surface. Fakundiny and I informally 

refer to this conglomerate as the Palo Pintado gravel and to the section 

measured at the same locality as the Palo Pintado section, The Palo Pintado 

gravel may be equivalent to the Subinal Formation, but it contains no clasts 

of andesite or other volcanic rocks. Its stratigraphic relationship to the 

Matagalpa Formation is unknown. 

Generally, the ignimbrite and tuff lower in the section contain a 

larger proportion of crystals and less plagioclase than those higher in the 

section. However, there are crystal-poor and plagioclase-rich rocks low in 

the section and crystal-rich and plagioclase-poor rocks high in the section. 
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1be basal group of ignimbrites at many localities consists of 

biotite-quartz-sanidine crystal or crystal-vitric welded tuffs that contain 

from 2 to 8 percent each of plagioclase and biotite. Informally, I refer 

to this package as the La Sabana ignimbrites, for exposures near a suburb 

of Comayagua by that name. A black vitrophyre is present at the base of 

the lowest ignimbrite in this group in grid square 3894. Fresh specimens 

of La Sabana ignimbrites are moderate orange pink, and less fresh specimens 

are light yellowish gray. 1be welded tuffs grade upward into less welded 

sillars, some of which lack biotite, with a few well-bedded water-laid or 

air-fall tuffs. In some localities, a grayish-orange paleosol with dark 

reddish-brown ironstone nodules marks the top of this package. These ignim

brites are 250 meters thick in the Palo Pintado section (frontispiece) . 

South of the Palo Pintado, 120 meters above the base of the La Sabana 

package, is what appears to be a sillar that contains many basalt boulders. 

To the south and west, this basalt boulder unit is replaced by a basalt lava 

flow overlain by a sillar. 1bis unit is probably the result of a nuee 

ardente sweeping over the eroded edge of the basalt flow and incorporating 

basalt boulders in the resulting sillar deposit (frontisepiece). 

Above the La Sabana ignimbrites is a 150 to 200-meter thick package 

of ignimbrites and occasional thin water-laid tuffs that I informally call 

the Cerro la Canada ignimbrites for exposures on Cerro la Canada along the 

east side of the valley. Most of the section is composed of quartz-sanidine 

crystal-vitric and vitric-crystal well-welded ignimbrites with or without 

plagioclase. Fresh specimens are light purplish gray and grayish red purple 

to very pale orange and pale red. Together, the La Sabana and Cerro la 

Canada ignimbrites are equivalent to Dupre's (1970) Suyatal Ignimbrite 

member. Unfortunately, these ignimbrite units are not distinguishable 
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everywhere in the Comayagua Quadrangle because of poor exposures and complex 

faulting associated with the formation of the Comayagua graben. 

Overlying the Cerro la Canada ignimbrites is a (400 meters or more) 

thick complex sequence of welded ignimbrite, sillar, rhyolite flow-rock, 

air-fall and water-laid tuff, and hard porcelainous felsites that are 

probably recrystallized welded ignimbrites. A grayish-red, hornblende or 

biotite, plagioclase vitric-crystal well-welded ignimbrite that occurs about 

100 meters up in this sequence is a widespread, distinctive member of this 

unit. A similar ignimbrite is just above the top of Dupre's Comedor ignim

brite member. About 150 meters above the base of this sequence on the 

west side of the valley, there is a 30 to SO-meter thick rhyolite (?) flow 

or lava dome. A thin tuff bed containing 1 to 5 centimeter ellipsoidal 

droplet-shaped pieces of black obsidian underlies this flow. This rhyolite 

flow and three similar flows in the Zambrano Quadrangle define a N. 62° W. 

line. This is parallel to the prominent structural trend in the Mesozoic 

sedimentary rocks . When this line is extended to the southeast, it passes 

through a rhyolite body north of Tegucigalpa that is reported by Williams 

and McBirney (1969). It is possible that all the.se rhyolites were extruded 

from vents lying along a prevolcanic fault. 

Pre-ignimbrite surface, source vents, and origin of the magma. 

The Matagalpa flows and Subinal redbeds helped smooth what was 

probably already a surface of relatively low relief (Williams and McBirney). 

Local relief in the Valle de Comayagua region probably was somewhat greater 

than this description suggests. In the southwestern part of the map area, 

the ignimbrite that directly overlies the Matagalpa rocks is stratigraphically 

below the Sabana ignimbrites, which are the basal ignimbrites at most 

localities. This suggests that some areas occupied by Matagalpa flows were 
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lower than the surrounding area at the onset of ignimbrite eruption. The 

size of the rounded boulders in the Palo Pintado conglomerate also suggests 

appreciable relief in the area. The onlapping relationship of the ignim

brites to the Montana de Comayagua demonstrates that this area was also high 

during the mid-Miocene period of volcanism. At most localities, the La 

Sabana ignimbrites are the basal unit of the Padre Miguel Group. At El 

Tamarindo (grid square 4292), the Cerro la Canada ignimbrite is the basal unit, 

and 3.5 kilometers to the northeast, the plagioclase-rich ignimbrite of the 

Comedor package rests on steeply-dipping Valle de Angeles rocks. This 

indicates that a minimum of 500 meters of relief existed at the onset of 

siliceous volcanism. An alternate interpretation is that faulting and 

erosion occurred during the episode of ignimbrite eruption as demonstrated 

by Dupre (1970). 

A paucity of source vents seems to be a problem that plagues most 

ignimbrite studies. The thickness and complexity of the ignimbrites suggests 

that these rocks may have originated from several sources. There are several 

possible source vents in the map area, but none are proven. One possible 

source is the intruded and hydrothermally altered area in the southwestern 

part of the Comayagua Quadrangle. The fluidized dikes in the northeastern 

part of the Comayagua Quadrangle and in the quadrangle to the north (Fakundiny, 

personal communication, January 1970) are of composition such that they may 

have acted as a feeder for almost any of the ignimbrites in the area. I 

found no caldera-like structures in the map area or any of the surrounding 

areas during reconnaisance trips. Williams and McBirney found no calderas 

elsewhere in Honduras. 

Dupre (1970), in his analysis of the possible origin of the magmas 

from which the ignimbrites were derived, ruled out differentiation of a 



61 

87 86primary basaltic magma on the basis of volume considerations. The sr ;sr

ratios obtained by Pushkar (1968) for Central American ignimbrites, basalts, 

andesites, and basement rocks, the paucity of basement rock inclusions in 

the ignimbrites, and the regional variation in composition of the ignimbrites 

are compatable with either an origin by anatexis or an origin from a primary 

granitic magma from the lower crust or the mantle, provided various assumptions 

are made about the amount and type of contamination (Williams and McBirney, 

1969; Dupre, 1970). A third possibility that should be added to this list 

is the melting or partial melting of a slab of lithosphere that was thrust 

under the Central American continental block during an early Tertiary episode 

of plate spreading. To acquire the proper composition, molten material from 

the underthrust slab would have had to have been contaminated by continental 

material. This could have occurred by a process similar to zone refining as 

the molten material rose through the continental crust. Professor R. F. Roy 

of the University of Minnesota (personal communication, March 1970) has 

suggested that the time necessary to heat an underthrust slab of lithosphere 

100 kilometers thick to the melting point is on the order of 35 m. y. If 

the magma was derived from such a slab, underthrusting would have had to 

begin some 35 m. y. earlier, which was about the time the earliest Tertiary 

and older sedimentary rocks were deformed. It is possible that the deformation 

and volcanism are related to the same slab. A great deal more regional and 

detailed field work as well as laboratory work needs to be done before the 

origin of the magma can be resolved. 

Correlation and age. 

Dupr~ (1970) and I concur that the siliceous volcanic rocks above 

the Matagalpa flows in the Zambrano and Comayagua Quadrangles are, as Williams 

and McBirney (1969) suggested, equivalent to at least part of the Padre Miguel 
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Group of Guatemala as defined by Burkart (1965, p. 45). We suggest that 

the name Padre Miguel Group be used to designate these rocks in Honduras. 

The alternatives were to use names already established in Honduras or create 

new formal names ourselves. The Gracias Formation of Olsen and McGrew (1941) 

is of Pliocene age based on the vertebrate fossils it contains, and is 

definitely younger and derived in part from the rocks in question. We were 

unable to confidently correlate Carpenter's (1954) Jutiapa Tuffs and Guacamayas 

Flows with our rocks, based on his descriptions, but suspect that both units 

are equivalent to some part of the ignimbrite sequence. 

Contributing new formal stratigraphic names to the literature is 

always a temptation. However, we do not feel that this complex body of rocks 

is mapped over a sufficiently large area or well enough understood to justify 

assigning new formation names at present. It seems likely that the name Padre 

Miguel Group will stand and that future work will define new formations within 

the group. 

Using the potassium argon method, Professors G. H. Curtis and J . F. 

Evernden of the University of California, Berkeley (reported in Williams and 

McBirney, 1969; Mills et al., 1967) have dated three samples of these rocks 

from Honduras and found them to be middle Miocene (15 to 19 m. y.). 

In southeastern Guatemala, the ignimbrites of the lower part of the 

Padre Miguel Group (Burkart, 1965; Crane, 1965) are overlain by a well-bedded 

series of air-fall and water-laid tuff, lava flow, and laharic deposits that 

Williams and McBirney think may be equivalent to a similar sequence of rocks 

(mesa and cuesta) adjacent to the Gulf of Fonseca. A possible feeder dike to 

these younger rocks yielded a K/Ar date of 7.1 m. y. (Williams and McBirney, 

1969). Dupre (personal communication, March 1970) feels that a 300-meter 

sequence of reworked pyroclastic rocks and occasional ignimbrites and lava 
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flows above the main ignimbrite sequence may be equivalent to these younger 

rocks. 

POST-VOLCANISM SEDIMENTARY ROCKS AND SURFICIAL DEPOSITS 

This group of units includes a heterogenous assortment of fanglomerates, 

alluvial fans, pediment gravels, stream channel and terrace deposits, and lake 

beds, all of different ages. In general, the composition of the clasts that 

make up these deposits is very strongly dependent upon the rocks present in 

the immediately adjacent highlands. This generality is tempered by the obser

vation that some selective abrasion takes place. Ranked according to durability 

under conditions of abrasive transportation, the rocks of the Comayagua Valley 

region are from hardest to softest; 1) metaquartz and rhyolite flow rock, 

2) welded ignimbrites, silicified sedimentary and igneous rock, 3) limestone, 

4) elastic sedimentary rocks and, S) intrusive igneous rocks. 

Lake beds and fanglomerates. 

The oldest post-volcanism sedimentary rocks in the Comayagua Quadrangle 

are faulted, tilted, and eroded fanglomerates, and apparently widespread but 

poorly exposed fine-grained lake beds. The fanglomerates accumulated following 

the major episode of normal faulting that formed the Comayagua graben. These 

fanglomerates are present on both sides of the valley, adjacent to the graben

bounding faults. They are thick and well preserved along the fault scarp 

north and south of Taladro on the west side of the valley and in the vicinity 

of Los Ranchos, Las Mesas, and Las Pinuelas, adjacent to the fault scarp in the 

southeastern part of the valley (pl. VI). All of these fanglomerates are 

crudely bedded and poorly sorted, containing particles from clay and silt-size 

to boulders 2 meters in diameter. The color of these units ranges from 

grayish red to grayish orange. As an example of the efficacy of local source 
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area rock type at Las Mesas (grid square 3991), the fanglomerate is composed 

principally of clasts of Mesozoic sedimentary rocks, whereas those 2 kilo

meters to the south around Las Pinuelas, are composed of boulders of welded 

ignimbrite. Relatively recent faulting has cut and tilted these old fans, 

and at least two generations of pediments have been cut into them. Unfor

tunately, most of these deposits are below 800 meters altitude and are 

covered with thick deciduous thorn scrub, which makes detailed study diffi

cult. The only good exposures are along a few streams that cut the fanglom

erates (e.g., coordinates 405890 and 233010). Caliche cements many of these 

deposits. 

There are small exposures of very fine-grained, thin-bedded lake 

beds at numerous scattered localities around the valley (pl. VI). These 

beds seem to be composed of silt and clay-size volcanic material derived from 

the adjacent highlands. This sequence contains a few irregular, 2 to 4

centimeter thick beds of microsparrite limestone. There are no pumice shards 

or other volcanic rock fragments that would suggest volcanism was going on 

at the time of deposition. Except for the limestone, the lake beds have a 

low specific gravity (estimated less than 2.0). These beds are soft and 

friable. Various beds are pleasant pastel shades of pink, orange, yellow 

and green. 

These lake beds may be older than the alluvial fans but are probably 

of about the same age. In the Comayagua Quadrangle, I did not observe the 

fans overlying the lake beds or any gravel in the lake beds. However, just to 

the south of the map area in the La Paz Quadrangle, the lake beds seem to be 

coarser and are interbedded with pebble and cobble gravel composed of clasts 

of volcanic rocks. This suggests that the alluvial fans may in part have 

been deltas extending into a lake where fine-grained sediments were accumulating. 
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Some of these gravels contain opalized wood, which constitute the only 

fossils observed in the sequence. A more thorough search might reveal 

some animal remains. This sequence of rocks is only exposed in steep stream 

banks, road cuts, and rarely, in steep bluffs beneath younger pediment 

gravels. 

Some of the best outcrops of the unit are along the lower reaches 

of the Rio Selguapa and the area around El Negrito to the northwest, along 

the La Paz road in grid square 2995, along the new Carretera del Norte south 

of Comayagua, and along the old Carretera del Norte east of La Villa San 

Antonio in the La Paz Quadrangle. 

I did not see the contact between these beds and the volcanic rocks, 

but based on dips of both sequences of rocks at closely adjacent outcrops, 

the lake beds overlie the volcanic rocks with angular unconformity. Pedi

ments have been cut on these soft rocks and younger pediment and alluvial 

gravels overlie them with angular unconformity (pl. VI). Based on lithology 

and their temporal position with respect to the structural history, these 

beds may be the equivalent of the Gracias Formation (Olsen and McGrew, 1941; 

Williams and McBirney, 1969). I found no place to obtain a reliable estimate 

of the thickness of these beds. However, 20 meters of lake beds are exposed 

at several localities. 

Stream gravel and alluvial deposits. 

Recent stream gravel was mapped separately from other recent alluvial 

deposits, to show present stream deposition patterns and to indicate where 

well-washed sand and gravel might be located. Most of the pebble-size and 

smaller material is quartz, whereas the material larger than pebbles is 

composed of well-welded tuff and silicified sedimentary rock fragments with 

a few limestone clasts. All of the rivers and streams in the area transport 
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at least cobble-size material and most transport boulders up to 0.6 meters 

in diameter. 

Other recent deposits include alluvial fans, terrace gravel, flood 

plain deposits, and at least two levels of pediment gravel, all of which 

are related to the present cycle of erosion. Most of the valley is covered 

with side-stream pediment deposits that are poorly sorted and consist of 

all grain sizes from silt to boulders 1 meter or more in diameter. Several 

low mesas somewhat above the present level of pedimentation are capped with 

pediment gravel. These gravel layers are on the order of 5 meters thick and 

overlie the lake beds with angular unconformity. The younger, lower, 

pediment gravel deposits are about the same thickness and also overlie the 

lake beds with angular unconformity (pl. VI). 

There are several small alluvial fans in the map area (e.g., just 

south of Taladro, and northwest of Ajuterique). Most of the alluvial fans 

in the valley are being dissected at present. 

Terrace and flood plain deposits cover a relatively small area in the 

Valle de Comayagua and are associated with only the larger streams. 

Much of the valley is under cultivation, especially west of the 

Rio Humuya where a large area is irrigated with water from the Rio Selguapa. 

Crops grown are a wide variety of vegetables, particularly tomatoes, tropical 

fruits (citrus, mangos, avocados, custard apples, bananas, etc.), corn, and 

some sugar cane. Coffee groves are mostly restricted to stream valleys and 

slopes adjacent to streams in the highlands. The part of the valley not 

under cultivation is covered with sparse to dense deciduous thorn scrub. 



S T R U C T U R A L G E 0 L 0 G Y 

REGIONAL FRAMEWORK 

During the last part of the nineteenth century and the first part 

of the twentieth, Karl Sapper mapped much of western Honduras and made 

scattered observations in the eastern part of the country. Several geolo

gists have described small areas or dealt with specific problems; among whom 

have been,Newberry (1888), Knowlton (1918), Redfield (1923), Bengston (1926), 

Olsen and McGrew (1941), Milllerried (1942a, b), Weaver (1942), Carpenter 

(1954), Roberts and Irving (1957), Mills (1959), to mention a few. Schuchert 

(1935) and Roberts and Irving, in their compilations of Central American 

geology, emphasized that the geology of Honduras is poorly understood. More 

recently, Mills et!!._. (1967) have discussed the Mesozoic stratigraphy and 

history of Honduras, and Williams and McBirney (1969) have discussed the 

Cenozoic volcanic history of the country. Vaughn (1918), Schuchert (1935), 

Weaver (1942), Imlay (1944a, b), Woodring (1954), Vinson and Brineman (1963), 

Moody (1963), Weyl (1961 and 1965), Dengo (1965, 1968, and 1969), and Dengo 

and Bohnenberger (1969) have discussed the regional paleogeography and 

structural relationships of northern Central America. Molnar and Sykes 

(1969) defined the boundaries of crustal plates in the Caribbean and Middle 

America region on the basis of seismicity and focal mechanism solution of 

recent earthquakes. They discussed the tectonics of the area in terms of 

relative motions of these plates. 

In short, though geologists have been interested in Honduras for 

about 100 years, there are very few published, detailed, geologic maps of 

the country. Carpenter's (1954) work on the Rosario mining district, and 
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geologic maps of the Nueva Armenia, San Buenaventura, and Tegucigalpa 

quadrangles (Elvir, 1969?), are the lonely exceptions. This dissertation 

and similar reports by Fakundiny and Dupre constitute the first detailed 

results of geologic mapping of Honduras on a quadrangle basis. 

Following the pattern established by Guzm~ de Cserna (1963) in 

Mexico, Dengo and Bohnenberger (1969) classified the geographic regions of 

northern Central America in terms of morphotectonic units; i.e., geographic 

regions whose external relief and landforms are related to the underlying 

structure and rock type (fig. 1). Four of these units are pertinent to 

work in Honduras. 

The Sierras of northern Central America (the Central American 

Cordillera) are a series of subparallel high mountain ranges that extend 

across the state of Chiapas, Mexico, and eastward through Guatemala, Belice 

(British Honduras), Honduras, and northern Nicaragua. The Cayman Ridge and 

Nicaragua Rise seem to be submarine extensions of these features. The trend 

of these mountains changes from northwest at the western end to northeast 

at the eastern end. These mountain ranges are composed of Paleozoic meta

morphic rocks, folded and thrust-faulted late Paleozoic and Mesozoic elastic 

and carbonate sedimentary rocks, and granitic and ultramafic intrusive bodies 

of various ages. Some of these mountain ranges are separated by long, narrow, 

fault-controlled river valleys, such as the Valle de Chamalec6n in Honduras 

and the valles des Motagua and Polochic in Guatemala. These features are 

believed to be onshore extensions of the Bartlett Trough. 

The volcanic ranges and plateaus are the morphotectonic unit that 

forms much of the southern part of northern Central America, including parts 

of Guatemala, El Salvador, Honduras, and northern Nicaragua. Tertiary volcanic 

rocks (ranging from basalt to rhyolite) and extensive areas of ignimbrite form 
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large plateaus and many smaller block-faulted ranges. These volcanic rocks 

overlie Paleozoic metamorphic rocks and folded Mesozoic sedimentary rocks . 

Paralleling the Pacific Coast is the Pacific volcanic chain that is 

composed of Quaternary volcanoes, many of which are still active. Many of 

these volcanoes are associated with northwest-trending faults, particularly 

with a large graben--the Nicaragua depression--which extends from El Salvador 

across Nicaragua into northern Costa Rica. Some small groups of volcanos in 

southeastern Guatemala and western El Salvador are aligned along shorter 

north-trending faults. The volcanic chain is genetically related to the 

Middle America Trench. 

The Caribbean coastal plain is less a morphotectonic unit than a 

physiographic unit. It is an area along the Caribbean coast of Nicaragua 

and western Honduras where the Sierras and volcanic plateaus have been 

eroded to near sea level. 

Based on their studies of first motions of seismic events in the 

region, Molnar and Sykes (1969) suggest that the Bartlett Trough and its 

onshore extensions constitute a zone of left-lateral strike-slip motion 

that separates the Americas plate to the north from the Caribbean plate to 

the south, which includes Honduras. They also suggest that the Middle 

America Trench is a subduction zone or zone of underthrusting of the Cocos 

plate on the southwest under the Americas and Caribbean plates. This inter

pretation makes the Middle America Trench and the Bartlett Trough the most 

important tectonic features in northern Central America. 

In Honduras, the Sierras of northern Central America are composed 

of low-rank metamorphic rocks that were deformed and metamorphosed probably 

during late Paleozoic time, and Mesozoic and earliest Tertiary sedimentary 

rocks that were deformed into folds cut by reverse faults during the Laramide 
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orogeny. The volcanic ranges and plateaus consist of basalt and andesite 

lava flows that were faulted and tilted prior to the eruption of the main 

body of mid-Miocene siliceous tuff and ignimbrite (Williams and McBirney, 

1969). The ignimbrite and tuff sheets have been faulted, tilted, and 

gently warped. The Comayagua Quadrangle is located on the boundary between 

these two morphotectonic units and affords an opportunity to study the 

structural style of both units and some of the relationships between the 

Paleozoic metamorphic rocks, the folded Mesozoic sedimentary rocks, and 

the normal-faulted Tertiary volcanic rocks. 

Several directions of faulting are obvious even on a generalized 

geologic map of Honduras (fig. 7). The long northeast-trending faults in 

the northwestern part of the country are parallel to the onshore extensions 

of the Bartlett Trough. The smaller normal faults associated with these 

faults are believed to be evidence of and genetically related to left

lateral movement (Dengo and Bohnenberger, 1969). In addition to these 

faults, there are north, northeast, and west-northwest-trending faults, all 

of which formed during the post-mid-Miocene episode of normal faulting. 

The postvolcanism episode of normal faulting formed several north

trending grabens or structural depressions. The two largest such north

trending depressions are the Ulua and Comayagua grabens. Numerous geologists 

have grouped these two features and called them the Honduras Depression. This 

is somewhat misleading because, as Williams and McBirney noted, the Honduras 

Depression is not a single through-going trough but is composed of discon

tinuous structural troughs. The Ulua graben runs southward from the 

Caribbean for approximately 95 kilometers and ends abruptly near the south 

end of Lago Yojoa. The Comayagua graben extends about 5 kilometers north of 

Comayagua and 35 kilometers to the south. Some of the faults that bound the 
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Comayagua graben extend several kilometers farther north and can be traced 

on topographic maps southward almost to the gulf of Fonseca. Neither 

Fakundiny (1970) nor I found any evidence that the Ulua and Comayagua grabens 

ever formed a single continuous trough. The grabens were apparently born 

offset. It is intriguing to note that the south end of the Ulua graben 

terminates at a zone of intense Lararnide deformation, as does the north end 

of the Comayagua graben. Both of these points lie on a line that passes 

through several intrusions and the major mining districts of central Honduras. 

Fold axes trend west-northwest in central Honduras and northeast in 

northern and eastern parts of the country. This change in trend generally 

parallels the curvature of the sierras of northern Central America. 

DESCRIPTIVE STRUCTURAL GEOLOGY 

Rocks exposed in the Comayagua Quadrangle exhibit three distinct 

styles of deformation: (1) Paleozoic metamorphic rocks are foliated and 

the foliations are crenulated; (2) Mesozoic and earliest Tertiary sedimentary 

rocks were tightly folded and faulted during the Laramide orogeny; and (3) 

Tertiary volcanic rocks show only the effects of gentle warping and extensive 

normal faulting along several trends. The more highly deformed older rocks 

are exposed in a structural high that trends N. 60° W. across the north

eastern part of the quadrangle and in the highlands of the southwestern 

part of the quadrangle. The less deformed volcanic rocks crop out across 

the northern end of the Valle de Comayagua, in the northwestern and south

eastern parts of the quadrangle, and cap ridges and peaks in the areas of 

predominantely older rock. The younger rocks offer a means of distinguishing 

postvolcanic faulting from faulting that accompanied the episode of Laramide 

folding and faulting. 



Paleozoic Metamorphic Rocks 

All that can be said about the structure of the Paleozoic meta

morphic rocks based on exposures in the Comayagua Quadrangle, is that the 

plunge of lineations (crenulations of foliation and small fold axes) is 

generally to the south and that these rocks were metamorphosed and deformed 

prior to the deposition of the Mesozoic sedimentary rocks. These rocks crop 

out over only a limited area north of the Rio Majada, and exposures are poor. 

In the canyon of the Rio Humuya in the El Rosario Quadrangle, an 

exposure of sheared metaconglomerate contains clasts of sheared metacon

glomerate. This single outcrop demonstrates that two sequences of uplift, 

erosion, deposition, metamorphism, and shearing preceded deposition of the 

Todos Santos Formation. Fakundiny (1970) discusses deformation of these 

rocks in more detail. 

Areas of Deformed Sedimentary Rocks 

The Mesozoic and earliest Tertiary sedimentary rocks were folded, 

faulted, and intruded prior to the eruption of the Tertiary volcanic rocks . 

The normal faulting that accompanied and followed the eruption of the 

volcanic rocks also displaced the older rocks. These two periods of defor

mation have produced very complex outcrop relationships. The best stragi

graphic unit for interpreting the structure of the sedimentary rocks is the 

Yojoa Group. The carbonate rocks are easy to recognize in the field, and 

they separate the redbeds of the Todos Santos Formation from the redbeds of 

the Valle de Angeles Group. 

Montana de Comayagua structural belt. 

Taken as a whole, the structures in the sedimentary rocks of the 

northeastern part of the map area seem to be on the south limb of a large 
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N. 60° W.-trending structural high. This zone of intense deformation trends 

about N. 60° W. and extends from El Mochito 70 kilometers to the northwest, 

at least as far as San Juancito 60 kilometers to the southeast (based on 

reconnaisance field work, and aerial photograph and topographic map inter

pretation). The zone is 20 to 30 kilometers wide over this distance of 130 

or more kilometers. Folds (some cut by reverse faults) within this zone 

trend east-west to about N. 75° W. Fakundiny (1970) and I suggest that this 

zone be called the Montana de Cornayagua structural belt for the Montana de 

Cornayagua. 

Mills et ~· (1967) suggested that the zone of complicated structure 

in the Cornayagua Quadrangle is the southeastern extension of the west-trending 

Taulabe anticlinoriurn. However, the Taulabe anticlinoriurn seems to die out 

in the northwestern part of the El Rosario Quadrangle (Fakundiny, 1970). 

'The Montana de Cornayagua structural belt includes all the features Mills 

et al. called the Taulabe anticlinoriurn. 

Anticlines in the structural belt trend west to N. 75° W., and are 

asymmetrical with the steep limb on the south (e.g., just north of Cornayagua, 

east of Cornayagua on cerros Volcan and Copet6n, and the vicinity of grid 

square 4195; see pls. IV and VII). West of El Sitio (grid squares 3200 and 

3300), Atirna limestone with moderate dips, overlies silicified sheared lime

stone that is overturned and dips steeply to the north. Here, the crest of 

the fold was thrust to the south over the steep limb and the adjacent 

syncline (pl. II and fig. 8). Silicification of the limestone and the copper

lead-silver mineralization at the old Spanish Las Chacaras mine (coordinates 

329005) is associated with the later intrusion of diorite and quartz diorite. 

Partial silicification of the upper limestone indicates that it was in place 

at the time of mineralization. Silicification in the upper limestone seems 
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Figure 8. Evolution of an asymmetrical fold. With continued deformation the 
fold becomes overturned (a). The fold crest is thrust over the 
adjacent syncline (b) along fault zone 1 as deformation continues. 
If the sequence of rocks includes a layer with a significantly 
lower viscosity than the overlying and underlying layers, movement 
will occur along fault zone 2 and be accomodated as simple viscous 
shear in the low viscosity layer. This mechanical arrangement is 
analogous to the incompetent marly Cantarranas Formation between 
the more competent Todos Santos and Atima formations. 
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to be confined to the more thin-bedded clayey portions of the formation. 

Silicification dies out to the west, but the fold extends 4 kilometers to 

the west. Amplitudes of these asymmetrical folds range from about 150 meters 

(e.g., vicinity of grid square 4194, pl. VII) to about 600 meters (e.g., 

Cerro Buena Vista east of Comayagua). 

Near Valle de Angeles north of Comayagua, Todos Santos rocks are 

cut and tilted by numerous normal faults of various orientations (because of 

their abundance and small size, many of these faults were not included in 

the final map). The overall structure is that of a west-plunging asymmetrical 

syncline with a steep north limb, which is overturned at several localities 

along the boundary between the Comayagua and El Rosario quadrangles. 

Kink-banded slaty cleavage in the thin-bedded marly Cantarranas 

rocks, is best seen in the road cuts along the road to La Libertad in grid 

squares 2901-02 (pl. IV). These structures indicate considerable inter

formational slip between the Todos Santos and Atima, both of which probably 

have a considerably higher effective viscosity than the Cantarranas beds 

(Kehle, 1970). Probably much of the movement took place within the 

Cantarranas during the formation of reverse-faulted asymmetrical anticlines 

like the one north of Comayagua (pl. II). 

The fault pattern in the map areas is dominated by the N. 10° W. to 

N. 15° E. faults that bound the Comayagua graben (fig. 9). The rose diagram 

includes several faults of less than SO meters displacement not on the final 

map (fig. 10) as well as 28 fractures of unknown displacement in the Valle de Co

mayagu~ the existence of which is inferred solely from geomorphic evidence . 

assigned curved fault traces an average trend, or in a few instances, broke 

them into two shorter segments, and I used average values for faults whose 

displacements change significantly along strike. 

I 
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The north-trending faults cut most faults of other orientations 

in outcrops of sedimentary rock. However, based on the density of faults 

in exposures of sedimentary rocks, some of the north-trending faults as 

well as many of the faults that strike east-west, west-northwest, northeast, 

and east-northeast predate the Miocene ignimbrites and are associated with 

the formation of the Montana de Comayagua structural belt. 

Several of the east-west faults are high-angle reverse faults in 

the sedimentary rocks. Faults with this trend in the volcanic rocks are 

nearly vertical normal faults. The faults with other trends all seem to be 

steeply-dipping normal faults. 

The Montana de Comayagua structural belt formed during the Lararnide 

deformation that folded the sedimentary rocks prior to the mid-Tertiary volcanic 

activity. Volcanic rocks of the Padre Miguel Group dip gently to the south off 

the southern flank of the structural belt indicating that the structural belt 

was uplifted again after the mid-Miocene. This renewed uplift increased the 

southward dips of the sedimentary rocks in the northeastern part of the map 

area. 

The attitudes of the sedimentary rocks near La Jagtiita and Nueva 

Valladolid east of Comayagua are clearly related to intrusion of diorite and 

quartz diorite in this area. The intrusive rocks possibly were emplaced along 

pre-existing anticlinal axes. 

Origin of the Montana de Comayagua structural belt. 

The Montana de Comayagua structural belt and related smaller folds 

may be the result of simple compression with the axis of maximum compressive 

stress oriented slightly east of north. Under these conditions, folds in the 

Paleozoic metamorphic rocks would almost certainly be disharmonic with folds 

in the overlying sedimentary rocks because of the greater thickness and higher 
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apparent viscosity of the basement rocks (Biot, 1961). This would account 

for the numerous folds in the sedimentary rocks and the single large meta

morphic high (mostly in the El Rosario Quadrangle). However, under these 

assumptions, the trends of the structural belt and associated anticlines 

should be approximately parallel. Individual fold axes are east-west to 

N. 75° W., but the structural belt trends N. 60° W. This divergence could 

be the result of schistosity influencing the direction of folding of the 

metamorphic rocks. 

If tectonic transport were to the north, the old metamorphic high 

could have acted as a buttress to transport. However, there is no evidence 

that the sedimentary layers were mechanically isolated or detached from the 

metamorphic rocks, which this type of deformation would imply. Furthermore, 

the direction of overturning of folds in the Comayagua Quadrangle is wrong 

for this direction of tectonic transport. 

The asymmetrical folds might be second-order features related to 

right-lateral strike-slip motion on N. 60° W.-trending faults (McKinstry, 

1953; Moody and Hill, 1956). If the folds are the result of strike-slip 

faulting, the direction of asymmetry or overturning should be toward the 

master fault (Dr. R. E. Dennison, personal communication, March 1970) . 

However, neither Fakundiny or I found any strike-slip faults or any evidence 

of N. 30° E.-trending anticlines that would be primary features associated 

with N. 60° W.-trending right-lateral strike-slip faults (Moody and Hill). 

Lowell (1969) presented the ingriguing idea that strike-slip faulting 

can produce high-angle reverse faults (like those of Sanford, 1959, p. 44-47) 

if the plates that are moving past each other are driven together at some 

small angle. He documented his proposition with field examples and pictures 

of clay-cake experiments. According to Lowell's diagrams, the Comayagua 
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structural belt would be a zone of left-lateral strike-slip movement. With 

this style of deformation, the axis of the zone is structurally high and 

the direction of overturning of folds is generally away from the axis. 

Fold axes and trends of high-angle reverse faults form small angles (about 

15°) with the axis of the zone, and the acute angles point in the direction 

of movement of the block on that side of the axis (fig. 11). The geometric 

relationships of structural features in the northeast part of the Comayagua 

Quadrangle fit this model quite well. Relationships are not quite so clear 

in the El Rosario Quadrangle. This may be because the Montana de Comayagua 

structural belt is composed of several of these elements that have moved at 

slightly different times, or moved at the same time but at slightly different 

velocities. Although high-angle reverse faults are not common in the Comayagua 

Quadrangle, asymmetrical folds that may be the surface expression of high

angle reverse faults at depth are common. Fakundiny mapped several high-angle 

reverse faults in the El Rosario Quadrangle to the north. 

There are two other observations that should be made before leaving 

this model. Several large metal deposits and numerous smaller prospects in 

Honduras lie along the Montana de Comayagua structural belt (e.g., El Mochito, 

Opoteca, Las Chacaras, Agalteca, El Rosario, Las Animas; and Yuscaran). 

Intrusion and mineralization may be in part controlled by this old structural 

trend. Both the Comayagua and Ulua grabens terminate against the belt. It 

may be that these grabens formed along a zone of weakness that was offset 

sometime prior to the formation of the grabens. The sense of offset is 

left-lateral and is the same as the sense of movement implied by the geometric 

relationships of the structural features. These observations are highly 

speculative and need further detailed mapping to prove or disprove them . 
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Southwestern Comayagua Quadrangle. 

Structural interpretation of the Mesozoic rocks in the southwestern 

part of the quadrangle is difficult because exposures of the sedimentary 

rocks are poor, and the Yojoa carbonate rocks crop out in only a few 

localities. The sedimentary rocks in this area are folded, but less 

tightly than the rocks in the northeastern part of the area. Folds trend 

approximately north. This folding may be the result of postvolcanism 

warping associated with formation of the Comayagua graben. 

The lava flows of the Matagalpa Formation, which probably accumulated 

in topographic lows on the eroded sedimentary rocks, record a period of 

faulting that followed the Laramide deformation but preceded the faulting 

that displaced the Miocene ignimbrites. At Cerro LiquigUe, an ignimbrite 

that is normally 500 to 600 meters above the base of the Padre Miguel section 

rests directly on Matagalpa rock, whereas in grid square 2188, an ignimbrite 

usually near the base of the section rests on the Todos Santos. This same 

relationship could be produced by an inversion in topography caused by 

erosion, but then the Matagalpa rocks should have consistently formed highs. 

Elsewhere in Honduras, Williams and McBirney (1969) have found clear evidence 

that faulting and tilting occurred between extrusion of the Matagalpa flows 

and the eruption of the mid-Miocene ignimbrites. 

Normal faults that trend west-northwest, northwest, northeast, north, 

and east-west displace the rocks in the area. It was not possible to deduce 

which, if any, predated the Tertiary volcanic activity. Based on outcrop 

trace, all these faults are steeply dipping. 
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Areas of Volcanic Rock 

Volcanic highlands. 

Normal faults that trend northeast, northwest, west-northwest, and 

north cut the Tertiary volcanic rocks at the north end of the Valle de 

Comayagua and in the highlands along both sides of the valley. Dupre 

found these same trends in the Zambrano Quadrangle where the volcanic rocks 

have been less disturbed by the faulting that formed the Comayagua graben. 

In the Zambrano Quadrangle, north-trending faults are much less prevalent. 

Williams and McBirney (1969) were impressed with this complex fault pattern 

elsewhere in Honduras and adjacent parts of Guatemala. The two faults in 

the highlands that show the largest displacements are the fault near El 

Espino, grid square 1993, which probably has between 300 and 500 meters dis

placement, and the northwest-trending fault near Tepanguara, which has 400 

meters displacement. Most of the other faults in the volcanic highlands 

show less than 50 meters displacement, and their principal influence is to 

provide zones of weakness that control the courses of streams in the area . 

Most of the faults of all orientations are down toward the Valle de 

Comayagua. In the volcanic rocks, there is no consistent sense of offset of 

faults of one trend by faults of another trend . This suggests that faulting 

occurred along the different trends at about the same time. (North-trending 

faults consistently displace faults of other trends in the Meso zoic rocks in 

the northern part of the map area . ) 

The only fold in the volcanic rocks that does not seem to be related 

to faulting or renewed uplift on the Comayagua structural belt is a broad 

gentle syncline in the northwestern part of the map area. The axis of the 

syncline trends northwest and appears to extend across the Siguatepeque 

Quadrangle to the northwest. 
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Comayagua graben. 

The Comayagua graben is certainly the largest and most obvious 

feature produced by postvolcanism normal faulting in the map area. The 

normal faults with the largest displacements in the area are associated 

with its formation. The graben, as Williams and McBirney (1969) noted, is 

not a simple feature. Total structural relief exceeds 2 kilometers from 

the highlands in the northeast and southwest parts of the map area to the 

deepest part of the depression. Structural relief is greater than 700 meters 

everywhere along both sides of the depression. The displacement across the 

boundaries of the depression is accomplished both by faulting and down-to

valley warping (fig. 12). 

Estimates of displacement across the graben boundaries are based on 

the assumption that the mid-Miocene volcanic rocks in the deepest part of 

the depression are 800 meters thick. This is the minimum thickness of the 

volcanic section measured at several localities in the highlands on both 

sides of the graben. The estimated thickness places the base of the volcanic 

section at about minus 200 meters altitude under most of the valley. This 

estimated thickness is almost certainly too low because Dupre (1970) has 

found that faulting adjacent to the graben began during the eruption of 

the mid-Miocene ignimbrites so that there are probably considerably more than 

800 meters of volcanic rocks present beneath the valley floor at some 

localities. The assumption that the floor of the graben is flat is too 

simple, because some of the bounding faults almost certainly extent into 

the center of the depression, but are masked by post-faulting surficial 

deposits. 

Most of the graben-bounding faults trend N. 5° to 15° E. However at 

some localities, such as along the middle of the west side of the valley, 
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Figure 12. Simplified diagram of structural features that compose 
the Comayagua graben. Vertical scale is about twice 
horizontal scale. View from the south. 
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the bounding faults trend northeast and northwest. At several locations, 

the north-trending graben boundary faults are offset by west-northwest, 

northwest, or northeast-trending normal faults. Individual fault zones are 

10 to SO meters wide, and marked by zones of sliced and tilted rock. 

In the highlands just west of the southwest corner of the map area, 

the base of the volcanic section is exposed at an altutide of 1,800 meters. 

This indicates a total of 2,000 meters structural relief. About 400 meters 

of this displacement is accounted for by faulting. The rest of the displace

ment seems to be the result of valleyward dips of about 25°. 

Structural relief decreases northward along the west side of the 

valley to about 900 meters at El Taladro. South of El Taladro, postvolcanism 

graben-faulting occurred in two major episodes. The earlier faulting was 

along north and N. 40° E.-trending faults. This was followed by formation 

of large alluvial fans. The fans were truncated by north to N. 10° E.

trending faults. This same two-stage pattern is present elsewhere in the 

valley, but usually not as obvious. Volcanic rocks in the highlands near 

El Taladro dip gently away from the valley. Displacement occurs across three 

or four subparallel north-trending faults. These faults splay out, the 

number of faults increases, and their trend becomes more northeasterly near 

the north edge of the map area. Displacement on the faults decreases north

ward. The anomalously steep dips recorded in thenorthwestern part of the 

map area are the result of drag and tilting along these faults. In this 

area, alluvial fan and pediment surfaces are displaced by faults, indicating 

that faulting has continued until quite recently. 

Across the north end of the valley and in the highlands in the east 

central part of the map area, volcanic rocks dip south at 7° to 20° off 

the Montana de Comayagua structural belt. At some localities, these dips 
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are accentuated by ramping down into the depression between normal 

faults. 

The base of the volcanic section is exposed at 2,000 meters in 

the Montana de Comayagua in the northeastern part of the map area. This 

indicates 1,500 meters of structural relief between the highlands and 

Comayagua and about 2,200 meters between the highlands and the deepest 

part of the depression. This estimate may be as much as 400 meters too 

high because of prevolcanic relief. The displacement seems to be about 

equally distributed between north-trending normal faults and down-to-the 

valley warping. 

Farther south in the southeastern part of the map area, displacement 

across the graben boundaries decreases to about 700 meters, all of which 

is accounted for by faulting. The graben boundary in this area is marked 

by a fresh-looking straight fault scarp. Alluvial fans adjacent to the 

scarp in this area have also been faulted. 

In the La Paz Quadrangle to the south, fault displacement across the 

graben boundaries increases to about 1,300 meters . This displacement seems 

to take place across at least two north-trending fault zones. 

Some of the valleyward dips observed along the east and west sides 

of the valley may represent what Cloos (1968, p. 423) referred to as plastic 

sag . At other places the dips may be due to rotation of 'blocks between 

subparallel faults, or simply monoclinal draping of beds over faults at 

depth. In the southwestern part of the map area, the valleyward dips are 

at least in part the result of doming around an intrusion. 

prigin of the Comayagua graben. 

Any mechanism postulated for the origin of the Comayagua graben should 

account for the orientation and shape of the graben boundaries, the timing 
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and duration of faulting, and movement on faults o.f diverse trends at 

about the same time. It should also be consistent with the nature and 

orientation of adjacent contemporaneous structural features. 

Some aspects of the Comayagua graben (especially the evidence of 

long-continued normal faulting and offset relationship with the Ulua graben) 

suggest that it is an incipient rift zone. However, the direction of 

movement indicated by the second-order feature in the Montana de Comayagua 

structural belt shows the wrong sense of movement for a transform fault 

connecting the Comayagua and Ulua grabens. Also, the types of intrusive and 

extrusive rocks associated with known rift zones are absent. The presence 

of more or less contemporaneous faults of several different trends are 

difficult to reconcile with a rift-zone model. 

Considering the thickness of the ignimbrites and other volcanic 

rocks in the region, the graben may have formed as the result of collapse 

after magmatic withdrawal (Mackin, 1960, p. 127-8). This mechanism would 

account for the complex nature of the graben boundaries and to some extent, 

the long history of movement on the bounding faults. Collapse, coupled 

with broad regional uplift might account for the various directions of 

faulting present in the adjacent highlands. However, faulting continued 

long after volcanism ceased. Also, I would feel more comfortable with this 

model if some of the younger ignimbrites draped over the bounding faults or 

cropped out somewhere in the valley, and if there were more evidence of 

igneous activity associated with the bounding faults. Some of the bounding 

faults are filled with dikes, but these dikes are andesite quite unlike the 

siliceous compositon of most of the ignimbrites. One would also expect to 

find thick ignimbrite sheets adjacent to the Ulua graben, which probably has 

a similar origin and history. None of these observations definitely rules 
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out an origin by collapse, and at least part of the early history of graben 

faulting may have been related to magmatic withdrawal. 

A third possible origin of the Comayagua graben is to consider the 

entire portion of the plate of lithosphere that contains Honduras as under

going left-lateral simple shear as the result of underthrusting at the 

Middle America Trench and left-lateral transform faulting along the Bartlett 

Trough and its onshore extensions. This type of large-scale deformation 

would produce normal faults and grabens that trend slightly east of north, 

right-lateral strike-slip faults that trend west-northwest, and left-lateral 

strike-slip faults that trend east-northeast as secondary features. Strike

slip movement at depth can be resolved at the surface as normal faults 

parallel to the strike-slip faults (these should have a small component of 

lateral movement), or as normal and high-angle reverse faults that are 

oriented at about 60° to the trend of the strike-slip movement (Billings, 

1954); Tanner, 1962; Hills, 1963; Badgley, 1965; Ramsey, 1967; Spencer, 1969) 

(fig. 13). Experiments with models have shown that in some instances very 

little strike-slip movement is transmitted to the surface from basement 

strike-slip faults (Cloos, 1955; Tanner, 1962). Surface displacement 

instead was all in the form of high-angle dip-slip faults. 

The geometry of this type of deformation matches the slightly east 

or north orientation of the grabens in Honduras and adjacent parts of 

Guatemala and helps explain the complex nature of their boundaries as well as 

accounting for the N. 45° E., N. 20° W. and east-west trends of normal faults 

present in the volcanic highlands. The spread of graben faults (fig. 9) may 

be the result of rotation. The location and shape of the grabens and the 

orientation of the faults outside of the grabens would, of course, to some 

degree be influenced by the location and orientation of pre-existing fractures 
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Figure 13. Features produced by left-lateral simple (or rotational) shear 
superimposed on the lithospheric plates postulated by Molnar 
and Sykes (1969) (after Billings, 1954; Cloos, 1955; 
Badgley, 1965; Ramsey, 1967; Spencer, 1969). 
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and other zones of weakness. West-northwest, northwest, and northeast

trending faults probably existed prior to the extrusion of the volcanic 

rocks. It seems that the renewed movement on the west-northwest-trending 

faults is related to the renewed uplift of the Montana de Comayagua structural 

belt. Tilese faults are parallel to the structural belt and are more numerous 

in the volcanic rocks the closer one gets to the structural belt (Dupr~). 

1he axis of the post-Miocene uplift of Honduras, the Montana de Comayagua 

structural belt, the Nicaragua Depression (McBirney and Williams, 1963), and 

the west-northwest-trending normal faults are all parallel to the Middle 

America Trench. It is possible that the post-Miocene uplift of Honduras and 

the renewed uplift of the Montana de Comayagua structural belt are related 

to flexing as the result of underthrusting of the Caribbean plate by the 

Cocos plate at the Middle America Trench and that both the Nicaragua Depression 

and the renewed movement of west-northwest-trending normal faults are extension 

features associated with uplift. Movement on faults would continue as long 

as the plate in which they are located is undergoing shear deformation. 



G E 0 M 0 R P H 0 L 0 G Y 

The Valle de Comayagua is an elongate topographic trough about 35 

kilometers long and 10 to 15 kilometers wide, oriented approximately N. 15° E. 

The valley is surrounded by rugged highlands. The altitude of the valley 

floor is approximately 600 meters and the altitude of the highlands ranges 

from about 1,100 meters to 2,200 meters. In the Comayagua Quadrangle, the 

lowest point is slightly less than 540 meters where the Rio Humuya leaves the 

quadrangle. The highest point is 18 kilometers to the east in the extreme 

northeastern corner of the quadrangle where the altitude is slightly more 

than 2,400 meters. Local relief exceeds 500 meters over most of the highlands. 

The relatively flat-floored valley and the rugged highlands are the result of 

post-Miocene normal faulting, uplift, and erosion. 

Post-Miocene faulting produced several impressive scarps in the 

map area; e.g., the north and northeast-trending scarps south of El Taladro, 

the northwest-trending scarps west of Ajuterique, and the north-trending 

scarp that bounds the valley in the southeastern part of the map area and 

extends for 6 kilometers south into the La Paz Quadrangle. Erosion has 

modified almost all of the fault scarps in the area. The existence of many 

of the faults mapped was first recognized on the basis of their geomorphic 

expression and later verified by other means. Some of the graben-bounding 

faults are mapped almost completely on the basis of their topographic 

expression because there are no outcrops on the downthrown valley side of 

these faults. 

Faults, and joints parallel to faults, control portions of the 

courses of many of the streams in the map area. Parts of the course of the 

Rio Humuya are determined by northwest, northeast, west-northwest, and 
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north-trending fractures (e.g., near Las Linconas near the canter of the 

map). The straight portions of the courses of many streams in the map 

area seem to have been established by headward erosion along fractures. This 

has given a distinctly polygonal pattern to the topography in the southeastern 

part of the map area and over most of the area of the La Paz Quadrangle to 

the south. There is considerable displacement across some of the fractures, 

whereas others show little or no displacement. The courses of several of the 

streams in the Montana de Comayagua are almost completely controlled by 

fractures (e.g., the streams east and west of Cerro Copet6n). 

Another way that fractures influence streams is by causing minor 

offsets in their courses as the result of recent fault movement. Offsets of 

this type are abundant in the Valle de Comayagua. They are aligned parallel 

to the principal directions of faulting evident elsewhere in the quadrangle 

and indicate that there has been recent movement along all the fault directions 

represented in the map area. One of the most interesting of these alignments 

is one that trends N. 62° W. and crosses the Rio Humuya at grid line 90. 

This is along the alignment of rhyolite outcrops in the Comayagua, Zambrano 

and Tegucigalpa quadrangles. (The stream-offset alignment was first recognized 

by students in a geomorphology class without any knowledge of the geology of 

the area.) 

All outcrops of limestone in the Comayagua Quadrangle show some 

effect of solution. Nearly every bedding surface is rilled, fluted, and 

pitted. Extensive outcrops of limestone are difficult to traverse because 

of the rugged jumbled topography produced by solution along faults and 

joints, and the presence of numerous small collapse features. Numerous 

solution tunnels and small cawes occur in all the areas of limestone outcrops 

(e.g., near Ajuterique, northeast of La Sabana, and the cliffs on Cerro 
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Volcan). Most of the solution tunnels are too small to enter and none of 

the larger caves were investigated in detail. Nearly all of the drainage 

in the limestone areas is undergound. 

There are relics of flat surfaces of various altitudes at numerous 

localities in the map area. The large flat area at 1,000 meters altitude 

in the highlands in the southeastern part of the map area (vicinity of grid 

square 4385) may be a stripped structural surface that formed before the 

latest pulse of graben-forming faulting, or it may have developed afterwards 

as the result of differential erosion. However, the flat top of Cerro la 

Canada is almost certainly an old pediment surface cut on valleyward

dipping rocks, which indicates that considerable stream planation did take 

place at an altitude of about 1,100 meters. This planation occurred prior 

to the period of graben-fault movement that led to the production of the 

lower alluvial fans and pediments. 

Numerous old alluvial fan surfaces are present along both the east 

and west sides of the valley (e.g., north and south of El Taladro on the 

west side of the valley, and in grid squares 3791, 3990, 4089, and 3899 

along the east side of the valley). The altitude of these surfaces ranges 

between 700 and 1,000 meters. These surfaces and the underlying fanglom

erates record a major pulse of faulting, and have been faulted and partially 

eroded since their formation. 

Most of the valley floor consists of pediments cut by tributaries 

of the Rio Humuya. Most of these surfaces are currently being dissected. 

The dissection seems to be related to a combination of downcutting, lateral 

migration of the Rio Humuya, and local fault movement. 

Gravel-capped surfaces at about 600 meters altitude on both sides 

of the Rio Humuya (grid square 2897, 2895, 3195, and 3196) present interesting 
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problems in geomorphic evolution. The feature in grid square 2S95 looks 

like a west-sloping pediment surface related to the highlands on the east 

margin of the valley. However, the gravel on this surface does not contain 

clasts of Mesozoic sedimentary rocks, but instead consists of volcanic 

clasts derived from the west side of the valley. This suggests that if 

this is a pediment surface, it has been tilted by recent faulting or isolated 

by a recent change in the course of the Rio Humuya. The west side of a 

similar surface 1 kilometer to the north appears to be faulted down to the 

west. Considering their position, the composition of the capping gravel, 

and the fact that the underlying lake beds are much less resistant to erosion 

than the gravel, the surfaces are probably old terraces of the Rio Humuya 

that were protected by a layer of river gravel during lowering of the 

surrounding surface by side-stream and interstream processes. The down

cutting that this implies is probably responsible in part for the dissection 

of nearby pediments. 

Williams and McBirney (1969) argued on the basis of the wide 

distribution of ignimbrites, that the mid-Miocene siliceous volcanic and 

associated sedimentary rocks were deposited on a surface of low relief 

that was probably near sea level. Almost certainly, more than 500 meters 

of relief were present in the Valle de Comayagua region. However, this was 

partially filled and leveled by eruption of the ignimbrites and accompanying 

erosion and deposition. 

At the end of the major ignimbrite eruptions, Honduras was a flat, 

low-lying plain with occasional hills of prevolcanic rock. It was on this 

surface of relatively low relief that the major rivers of Honduras established 

their courses (Williams and McBirney). Because there probably was no period 

when the region was free from faulting, the original consequent drainage was 
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almost certainly influenced by the presence of fault scarps. Some rivers 

(e.g., Choluteca, Ulua, and Hurnuya) were able to maintain their courses 

during the post-Miocene faulting and uplift. 

It is unclear whether or not the Rio Hurnuya was actually draining 

the map area at the end of the Miocene volcanism. It probably was, simply 

because it is hard to imagine a river eroding headward across the Comayagua 

structural belt after it was uplifted, without some advantage of antecedence. 

Detailed mapping to the north may shed some light on this point. Regardless 

of whether or not the Rio Hurnuya or some predecessor drained the area at the 

end of the Miocene, it is clear from the lake beds that the Valle de Comayagua 

was a closed depression for a while following movement (Pliocene to mid

Pleistocene?) on the graben-bounding faults. Just when or how the valley 

was breached and drainage reintegrated is still unclear. The Rio Goascoran 

del Arnatillo, by eroding headward from the south, may eventually capture the 

drainage in the valley. The present divide between the Rio Hurnuya and the 

Rio Goascoran is 4 kilometers south of the south end of the main part of the 

Valle de Comayagua at an altitude of about 900 meters. The Rio Goascoran has 

the advantage of having a much shorter distance to flow to the sea than the 

Humuya. 



E C 0 N 0 M I C G E 0 L 0 G Y 

The Montana de Comayagua and the highlands in the southwestern 

part of the map area are dotted with prospect pits, small shafts, and 

adits. One mine, Las Chacaras, east of Comayagua was worked in colo

nial times. However, no mines are currently in production in the Comayagua 

Quadrangle. Exploitation of earth resources is limited to small-scale 

burning of limestone for lime mortar, digging stream gravel and crushing 

stone for road metal, and digging clay for low-fired brick and tiles. 

The Las Chacaras mine is located southwest of El Sitio at coordi

nates 330005 on the north bank of the Rio Chiquito. Recent work has been 

confined to evaluation (Roberts and Irving, 1957; Paul Bundy, personal 

communication, July 1969). 1he mine is driven in a 10 to 15-meter wide 

quartz vein that follows a shear zone in silicified Atima limestone. 1he 

limestone is overturned, and the vein and the limestone strike N. 55° W. and 

dip about 79° NW. The vein separates into several smaller veins east of the 

Rio Chiquito. The quartz contains copper carbonates, chalcopyrite, chalcocite, 

and galena. Roberts and Irving report that samples taken from the dumps 

contained 2.8 to 23.9 percent copper, 0.98 to 7.58 ounces per ton of silver, 

and a trace of gold. The mineralization seems to be related to a quartz 

diorite dike that crops out in the Rio Chiquito south of the mine. The 

dike is almost certainly related to the intrusive complex east of Comayagua . 

I have seen small lead and copper sulfide-bearing quartz ve i ns at 

several localities in the Montana de Comayagua (e.g., in grid squares 3700, 

3798, and 4297). These mountains may contain some undiscovered silver and 

base metal deposits. As in many other areas, the important association to 

look for is sheared limestone adjacent to intermediate-composition intrusions . 
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1here is widespread diffuse copper carbonate staining in the highlands in 

the southwestern part of the map area. Much of this staining seems to be 

confined to the tops of andesite lava flows of the Matagalpa Formation. The 

only place that I saw copper and lead sulfides in this area is just south of 

the map area in grid square 2384. 1his occurrence consisted of chalcopyrite 

veinlets and scattered galena in Todos Santos conglomerate near its contact 

with the Atima limestone. 

Some gravel from the Rio Chiquito at Comayagua is being used for 

road metal and aggregate. There are few deposits of well-washed sand and 

gravel in the map area. All of the streams and rivers in the area are in 

youth. The few terraces associated with these rivers and streams are cut 

terraces and mantled with only 1 to 3 meters of poorly sorted cobble and 

boulder gravel. 

Crushed welded ignimbrite from a quarry at La Sabana is being used 

in the construction of the new Carretera del Norte. Should the need arise, 

this ignimbrite could be used for dimension stone. 

Atima limestone present in the anticline north of Comayagua could 

probably also be used for dimension stone or mixed with marly Cantarranas 

limestones to make cement. Cantarranas by itself should make a nearly ideal 

cement, but it is relatively thin and would be hard to quarry from beneath 

the Atima. Numerous small kilns for burning limestone to make lime mortar 

dot this area. Two somewhat larger kilns produce mortar in truckable 

quantities (estimated total production is 5 to 6 tons a month) on the east 

flank of Cerro Volcan east-southeast of Comayagua. 

Near all of the larger towns in the map area, clay pits and small 

kilns produce low-fired roof and floor tiles, bricks, and some pottery. 

1he output of these small operations is used locally. The clay pits are in 





S P E C U L A T I 0 N S 0 N P L A T E T E C T 0 N I C S 

I N N 0 R T H E R N C E N T R A L A M E R I C A 

Attempts to fit the evolution of mountain ranges of a particular 

area into some variety of tectonic cycle, geosynclinal cycle, or geotectonic 

cycle, etc., have been useful for organizing thinking about a region. However, 

the success of such attempts has varied. Some geologists have become uncom

fortable with these concepts of cycles, especially with the advent of the 

sea-floor spreading concept of plate tectonics and continental drift as a 

widely held working hypothesis, as proposed by Holmes (1931), Hess (1962), 

Dietz (1961), and affirmed and refined by Vine and Mathews (1963), Wilson 

(1965), Vine (1966), Cox et~· (1967), Sykes (1967), Oliver and !sacks 

(1967), Morgan (1968), Heirtzler et~· (1968), !sacks et~· (1968), and 

recently modified by Elsasser (1967), !sacks and Molnar (1969), and McKenzie 

(1969). This discomfort is usually expressed in a paragraph or chapter on 

why and how a particular orogenic zone differed from a particular model 

cycle. Dickinson (1970) noted that much unjustified speculation and many 

erroneous conclusions by analogy have arisen from the assumption that there 

exists a norm for orogenic evolution. He went on to observe that using the 

plate-tectonics model we can probably define a finite number of kinds of 

orogenic events and tectonic elements, but that the sequence of events and 

juxtaposition of tectonic elements is likely to differ from region to region. 

After examining problems with geotectonic cycles, Coney (1970, p. 743) 

concluded that: 

"Certainly, geologic histories of tectonic complexes are more 
comprehensible if t!1ey are simply considered the result of 
successive and interpenetrative tectonic responses of various 
sorts rather than due to any orderly 'geotectonic cycle.' " 
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Dengo (1968) and Dengo and Bohnenberger (1969) discussed the tectonic 

history of northern Central America and correlated events there with the 

Jaliscoan and Mexican geotectonic cycles described by de Cserna (1960) and 

Guzman and de Cserna (1963) for Mexico. In their synthesis, they describe 

two long-lived episodes of sedimentation, deformation, and intrusion; one 

that is Paleozoic and includes at least two periods of sedimentation and 

deformation, and a second episode that began in Mesozoic times and essentially 

continues to the present. Their descriptions point out that the Paleozoic 

rocks north and south of the Motagua fault zone differ from each other, as do 

the Mesozoic sedimentary rocks north and south of the Polochic fault zone. 

'The intrusions associated with the younger episode of deformation all lie 

south of the Polochic and Motagua fault zones. These observations, coupled 

with the work of many other geologists (e.g., McBirney, 1963; Anderson, 1969), 

suggest that the large fault zones of southern Guatemala and northern 

Honduras mark an area that has been the locus of a major tectonic boundary 

since at least the late Paleozoic. The nature of this boundary was probably 

not the same throughout its entire history. 

Molnar and Sykes (1969) presented interpretations of the Mesoamerican

Caribbean region in terms of plate-tectonics. Based on the careful location 

of earthquake hypocenters and studies of the first motions of these seismic 

events (fig. 14), they concluded that the Bartlett Trough and its onshore 

extensions are a zone of left-lateral transfonn faulting that separates the 

large Americas plate to the north from the Caribbean plate to the south. They 

also concluded that the Middle America Trench is a subduction zone alon9 which 

the Co.cos plate on the south is underthrusting the Caribbean and Americas 

plates. The southern boundary of the plate is a poorly-defined and little 

understood system of right-lateral faults in northern South America. The 



------

COCOS PLATE I 
I 

I 
/ 

PACIFIC 
PLATE 

East 
Pacific 
Rise 

AMERICAS PLATE 

NAZACA PLATE(?) 
...... 
V1 
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eastern boundary is the west Indies arc which is a zone of underthrusting of 

the Americas plate on the east beneath the Caribbean plate . Their estimates 

of relative rates of motion across these boundaries are included on Figure 14. 

The Middle America Trench and the Bartlett Trough are features of 

primary importance to the tectonic history of Honduras and the Valle de Co

mayagua region. Far too little is known about the detailed geologic relation

ships in this part of northern Central America to make more than the roughest 

sorts of speculative inferences about the history of plate movements in the 

region. Perhaps the best approach is to begin with the present plate config

uration and try to work backward in time . 

The picture of current plate movement in this region presented by Molnar 

and Sykes (1969) seems well documented and is accepted as basically correct. 

However, sustained relative movement between the Americas and Caribbean plates 

implies that there should be an offset of the Middle America Trench where it 

is intersected by the extension of the Bartlett system. The only obvious locus 

of such an offset is at the northern end of the Gulf of Tehuantepec (Fisher, 

1961; Shor and Fisher, 1961; Ross and Shor, 1965; Shor, 1966). Bathyrnetry 

suggests about 150 kilometers of left-lateral offset at the junction of the 

Middle America Trench and the Tehuantepec Ridge. The Motagua and Polochic 

fault zones, the supposed onshore extensions of the Bartlett Trough, swing 

west-northwest in western Guatemala . These large fault zones might be linked 

with the Tehuantepec offset through a series of en echelon faults (as yet 

unrecognized in the field) . The amount of offset could be accounted for by 

about 15 to 20 m. y. of movement at present rates . 

About 300 kilometers of the Cocos plate is apparently thrust beneath the 

Caribbean plate, based on earthquake hypocenters (Molnar and Sykes, 1969). 

This places the leading edge of the plate about 200 kilometers east .of the 
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Middle America Trench, and approximately beneath the western edge of the 

Central American land mass. Assuming movement at the present estimated 

subduction rate of 2. 0 centimeters per year, the present underthrust slab 

would be 15 m. y . old. However, data from the JOIDES expedition (Hays, 1970) 

indicates that spreading rates from the East Pacific Rise have been higher 

in the past; accelerating from 8.0 to 13.5 centimeters per year about 35 

m. y. ago. If spreading has slowed from 6.3 to 2.0 centimeters per year over 

the past 10 m. y., the present episode of underthrusting may be only about 

7 m. y. old. 

On the other hand, some evidence indicates that at least part of the 

outline of the Caribbean plate is much older. The Motagua and Polochic fault 

zones have probably existed since at least the late Paleozoic (McBirney, 1963; 

Anderson, 1969). Lararnide serpentinites essentially ring the Caribbean plate 

(Dengo, 1969). Based on the present rate and depth of underthrusting at the 

West Indies arc, subduction began there about 40 m. y. ago (constant rate 

assumed) . Monroe (1968) has shown that the Puerto Rico Trench has probably 

existed since the Oligocene. If one assumes that the complex post-Lararnide 

fault pattern in Honduras is the result of simple shear parallel to the 

Motagua zone, then a movement pattern similar to the present pattern must have 

existed at least since the mid-Miocene . 

Considering the limited offset on the Middle America Trench, the 

poorly defined plate boundaries in northern South America and in Guatemala and 

Mexico, and the length and rate of underthrusting at the Middle America Trench, 

I conclude that the western end of the Caribbean plate has only begun to act 

as a separate entity in the last 15 to 20 m. y. It may still be partly tied 

to the Americas plate with the differential relative motion between the two 

plates taking place as simple viscous shear when viewed as a whole. 
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It seems then that the birth of the Caribbean plate out of the 

Americas plate has been a gradual process that began on the eastern side and 

proceeded to the west. It also seems that the boundaries of a plate are more 

complex in continental areas than in oceans, although some of the apparent 

simplicity of oceanic boundaries almost certainly results from a lack of 

direct observation. In Guatemala and Mexico, old lines of structural weakness 

may have been incorporated into the present system of plate movement. In 

short, the overall pattern of spreading away from the East Pacific Rise and 

the Mid-Atlantic Ridge and underthrusting at the Middle America Trench and 

West Indies Arc has persisted for 40 m. y. or more, but the birth of the 

Caribbean plate is a much more recent event and has only affected the Meso

arnerican region during the last 20 m. y. or so. 

Coats (1962) suggested that the partial melting of oceanic lithosphere 

that has been underthrust to a depth of 100 or more kilometers was the cause of 

andesitic volcanism in the Aleutian Arc. The late Pliocene to Recent eruptions 

of volcanoes in the Pacific volcanic chain may be the result of a similar 

process related to the present episode of underthrusting at the Middle America 

Trench. The onset of the faulting that formed the complex pattern of post

Lararnide normal faults and grabens, may be related to the birth of the 

Caribbean plate in the Mesoarnerica region . The continued motion on these 

various fault trends probably reflects the continued movement of the Caribbean 

plate relative to the Americas plate. The general uplift of northern Central 

America and the formation of the Nicaragua Depression are also probably the 

result of the present episode of underthrusting at the Middle America Trench . 

However, the Quaternary volcanoes farther inland in Honduras and elsewhere in 

Central America are probably not related to the present episode of under

thrus ting except that magma supplying these vents may have reached the surface 

along fractures produced by underthrusting. 
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The eruption of the large volumes of mid-Miocene ignimbrites in 

central Honduras cannot be related to the present episode of underthrusting. 

These rocks indicate large-scale mobilization of continental crust (Williams 

and McBirney, 1969). Based on what little is known of East Pacific Rise 

spreading rates (Hays, 1970) and the assumptions that spreading has been 

continuous and that the maximum depth to which an underthrust slab can 

penetrate is about 700 kilometers (!sacks and Molnar, 1969), these magmas may 

have been derived from an earlier underthrust slab. If this slab bottomed 

out at 700 kilometers, it would have extended much farther under Honduras 

than the present slab. The siliceous eruptions would not necessarily have 

been the direct product of melting the underthrust slab, but possibly in part 

generated by partial melting at the base of the continental crust as material 

mobilized from the underthrust slab rose. This dual origin would help explain 

the intermediate Sr87/sr86 composition of the ignimbrites and the difference 

of their composition from rocks produced by experimental melting of typical 

Central American basement rocks (Williams and McBirney, 1969). One problem 

that plagues this speculation on an underthrusting schedule, is the time 

necessary to heat an underthrust slab to melting, considering that it may be 

as much as 1,000° C cooler (probably an unreasonably large temperature 

contrast) than the material into which it is inserted (!sacks and Molnar, 

1969). Estimates range from 10 to 50 m. y. (!sacks and Molnar; Professor 

R. Roy of The University of Minnesota, personal communication, March, 1970). 

If the mid-Tertiary high spreading rates for the East Pacific Rise 

reported by the JOIDES expedition are correct, subducted plates could have 

reached bottom at least two times in the past 50 m. y. If spreading was 

continuous, this implies that earlier slabs must have been sheared off and 

irnbricated beneath the overthrust plate. The Laramide deformation and 
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andesite and basalt lava flows of the Matagalpa Formation may be related to 

the insertion of an earlier plate. As the slab, whose underthrusting caused 

the Laramide deformation, or perhaps a later one heated (possibly aided by 

viscous shear heating produced by the underthrusting), partial melting 

occurred giving rise to basaltic and andesitic volcanism recorded in the 

Matagalpa Formation (Coats, 1962) . With continued heating, a large portion 

of the earlier plates mobilized and produced the mid-Miocene siliceous 

ignimbrites. 

As noted earlier, the rocks north of the large fault zones in 

Guatemala differ from those to the south. This difference could easily be 

explained by long-continued left-lateral strike-slip movement on the Motagua 

and Polochic zones. Descriptions of the El Tambor Formation given by McBirney 

and Bass (1969) suggest that these rocks are a eugeosynclinal suite of the 

type deposited either in a trench (Franciscan) or adjacent to a volcanic 

island arc. The rocks have undergone low temperature/high pressure (?) 

metamorphism (McBirney and Bass, 1969, reported some glaucophane schist), and 

have been isoclinally folded with limbs and axial planes dipping to the north. 

'Ihe Chuacus series of metamorphic rocks north of the Motagua zone is the 

supposed equivalent of the El Tambor Formation (McBirney and Bass, 1969). 

These rocks are high-rank schist, gneiss, and marble. The relationship of 

these two series of rocks suggests that the Motagua zone may have been the 

locus of a subduction zone that faced south (Dickinson, 1970, p. 20). 

One further speculation: The Bartlett Trough and its onshore extensions 

comprise the S-shaped northern boundary of the present Caribbean plate. Left

lateral movement parallel to the average trend of this sinuous boundary would 

tend to create a void along the portion of the trend between Central America 

and Cuba and drive the two plates together along the Motagua and Polochic 
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fault zones. This may explain the graben-like structure of the Bartlett 

Trench (Banks and Richards, 1969) and, based on Lowell's (1969) model, the 

thrust faults adjacent to the Motagua fault zone (Dr. T. W. Donnelly, 

personal communication, November, 1969). 
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A P P E N D I X I 

This appendix includes descriptions of two measured sec
tions; their locations are plotted on the map. They are 
listed in the order in which they appear in the chapter on 
stratigraphy. 
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Measured section of the Yojoa Group at Mata de Cana. The section 
extends from grid coordinates 305007 to 305003. The rocks are 
overturned, dip northward at about 60°, and strike due west. 
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DESCRIPTION 

Pebble very ooarse sandstone• olayey 1 immature, 
phyllarenite, thip.-bedded, dusky yellow interoalated 
with thin beds of red, yellow and orange siltstone 
and mudstone. 
Orbitolina b~aring biomicrite1 few miliolids, 1% quartz. 
silt, medium dark gray, sheared with limonite along 
shear surfaces. 
~ 

Micrite1 medium dark gray, weathers light olive-
gray, 0.3 to 0.5-meter beds separated by olay 
laminations, petroliferous odor. 

Covered but float is foraminifera biomiorite1 miliolid; 
Textularia, pelecypod and ostraood fragments, 1% 
quartz silt, dark gray, weathers medium dark gray, 
sheared, blaok chert nodules, petroliferous odor, 
interbedded with yellowish shale. 

Marl1 yellowish-orange, irregular ohert bodies, 
thin-bedded. 

Sparse biomiorite1 partially silicified peleoypod 
shell fragments, medium dark gray, weathers light 
gray, o.4 to 1-meter beds, bedding defined by 1
centimeter olay layers, 
Sparse pelmiorite1 peleoypod and foraminifera 
fragments, dark gray, irregular black ohert stringers 
parallel to bedding. 

'r ,. ...-;-:--·.. 
Biomiorite1 silioified pelecypod and foraminifera 
fragments, medium dark gray, l to 1,8 meter-bede. 

.. -
Sparse biomicrite1 medium dark gray, l to 2-meter 
beds separated by 0,9 meter beds of marly limestone. 
twith wavy beds 
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I METERS WEATHERING SAMPLE DESCRIPTION 
AND UNIT PROFILE NUMBER 

1 I I, 
:z; I I Biomiorite and pelmicrite1 dark gray, beds 1 to 40 
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meters t hick and separated by I-centimeter shale beds. 
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.. .. Phenorhyoli te tuff 1 sheared, light greenish-gray. 
en - ..::=---:. • ..:\ Sandstone and shale, 
012!; . . ·- . · : ..·... 
80 ' ·:.·.· ·.· ..... 
~~ . . .. " { .. ....... Sandstone and mudstone1 yellowish and reddish-brown, 
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Ma.ta de Cana section continued. 
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Measured section of the Padre Miguel Group at Palo Pintado. The 
section extends from grid coordinates 260038 to 258028 and from 
grid coordinates 250031 to 250018. The rocks dip southward at 18° to 20°. 
Padre Miguel rocks rest with angular unconformity on rocks of the 
Valle de Angeles Group. 
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WEATHERING PROFILE 
AND SAMPLE NUMBER 

JCY B 

JCY 7 

JCY 5 

0 

-JCY 158 

DESCRIPI'IOH 

Welded ign1mbn te; grayish-pink, quartz-sanid1ne , crystal-vi tric, 
10.f pumice (flattened) and some rock fragments . Forms a small clirf. 
Welded ignimbrite; grayish - plni<, rld.,,_; OCJ.c.t:se-tuartz-suuid1r.c. vitric
crystal, with pumice and some volcanic r0ck fragments, 13 m. thick. 
fluffy air-fall top . Forms a cliff. 
lgn imhri te; grayish - orange, pla;;p oclase-b lot i tP-quart z- sanid ine , 
arystal -vitric, 25 m. thick w1 h pumice fragments. 

Tuff ; light gray, quartz-sanidine, v1tr1 c , prooably air-fall , poorly 
bedded . 

Paleosol ; reddieh-orange with dark brown pisol1tes and a few quartz 
and aanidine grains. 
1',ine sandstone; yello•ieh-brown, poorly sorted, •1olcanic arenite, 
finely laminated, friable, porous. 

Well welded ignimbrite; grayish -pink, quartz-sanictine , crystal-
vi tri c, flattened stringers of pumice, 26 m. thick with air-fall top. 
Forms a cl if r. 

Vitric tuff with 1% biotite and l cm. pumice fragments. 
Paleosol1 pisolitic, iron-stained •ith opal veins 

Tuff1 white, quartz-sanidine, vitric with 2-5 cm. pumice fragmen ts. 

Palcosol (?)1 very pale orange, silic1fied , elongate pores lined with 
druzy quartz. 
'Nell welded ignimbrite; yellowish-gray, crystal-vitric, quartz
3anid1ne, 5% black glass and 2% pumice fragments. 
Siller; plagioclaae-biotite-quartz-sanidine, pinkish-gray, crystal
vitric, 1% each of pumice fragments and volcanic rock fragments. 

lgnimbrite1 pinkish-gray, quartz -sanidine, vitric-crystal, 2% each 
pumice and volcanic rock fragments. 

Tuff ; thin well defined beda--probably fluvial. 

lgnimbrite1 medium yellowish-gray, basalt, lithic-vitric with basalt 
boulders 0.8 m. in diameter. Laterally equivalent to basalt flow that 
crops out to the north and west. 

~illar; very pale orange, pumice-rich, quartz-sanidine, vitric
cryatal, 5% 3-cm. volcanic rock fragments, some chalcedony filling 
vugs, devitrified, forms a 20-m. cliff. 

Ignimbrite; pale red, biotite-quartz-sanidine, vitric, 2% rock 
fragments. 
Tuff; pink, may be water-laid (fair bedding) or the air-fall top of 
the underlying ign1mbrite of similar composition. 

Ignimbrite ; pinkish-gray, biotite-quqrtz-sanid1ne, crystal-vitric, 
10% pumice fragments, 5% sedimentary r ock fragemnts, weathers into 
~-m. boulders . 

Bouldry cobble conglomerate; reddish, poorly sorted, poorly bedded with 
scour channels. Clasts of metaquartz, redbed sandstones and Atima 
limestone. Limestone boulders have silicified outsides. Rest on folded 
eroded Valle de Angeles redbeds. 



A P P E N D I X II 

This appendix includes petrpgraphic descriptions of sedi
mentary rocks and intrusive and extrusive igneous rocks. 
Descriptions marked "HS" are based only on examination of 
hand specimens. All other descriptions are based on ex
amination of thin sections and hand specimens. 

117 



118 

PLATE VIII 

Fields of view in all photomicrographs are 2.2 by 1.4 millimeters. 

JCY 300 (grid coordinates 3900) au~ite-hornblende 
gabbro with quartz (crossed Nicols). Plagioclase 
grain showing two directions of albite twinning. 
North-northeast set of twins is the result of shear. 
Hornblende crystal in the lower left. 

B. JCY 300 (plane polarized light) showing deformed 
chlorite. 

c. JCY 180 (grid coordinates 269030) 
olivine basalt dike (plane polarized light) that cuts 
Padre Miguel ignimbrites showing large quartz xeno
crysts with reaction rim and partially resorbed 
plagioclase phenocrysts. 

D. JCY 12 (grid coordinates 3102) volcanic mudstone from 
the upper portion of the Todos Santos Formation 
(plane polarized light) showing wispy glass shard 
ghosts. Clear grains are quartz and plagioclase. 

E. JCY 263 (grid coordinates 411982) sheared hematitic 
mudstone from the Todos Santos Formation (plane 
polarized light). 

F. JCY 166 (grid coordinates 328004) silicified Atima 
limestone (crossed Nicols) showing miliolids replaced 
by quartz in a groundmass of quartz and magnetite. 

G. JCY 238 (grid coordinates 406933) silicified Valle de 
Angeles sandstone (crossed Nicols) showing deoussate 
arrangement of elongate quartz grains. 

H. JCY 143 (grid coordinates 221871) hornblende 
andesite porphyry (plane polarized light) from the 
Matagalpa Formation showing trachtic texture and 
plagioclase phenocrysts. 
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PLATE VIII 
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PLATE IX 

Rocks of the Padre Miguel Group. Fields of view in all 
photomicrographs are 2.2 by 1.4 milimeters. 

A. JCY 296 (grid coordinates 317994) plagioclase-biotite
quartz-sanidine, crystal-vitric, well welded ignimbrite 
(plane polarized light) from the La Sabana ignimbrites. 
Clear crystals are quartz and sanidine. Dark crystal is 
fresh euhedral biotite. Glass shards of the groundmass 
are slightly devitrified. 

B. JCY 133 (grid coordinates 209883) hornblende-quartz
sanidine, vitric-crystal, well welded ignimbrite 
(plane polarized light) from the Cerro la Canada 
ignimbrites showing axiolitic devitrification of pumice 
fragments. Phenocrysts in field are euhedral quartz. 

C. JCY 81 (grid coordinates 212969) augite-plagioclase, 
vitric, vitrophyre at the base of a pheno-andesite 
ignimbrite (plane polarized light) showing excellent 
eutaxitic structure of glass shards. Clear phenocrysts 
are euhedral embayed plagioclase. 

D and E. JLP l (from Tenampua in the La Paz Quadrangle) 
anorthoclase-sanidine, vitric vitrophyre. D (plane 
polarized light) shows excellent eutaxitic structure 
and flattened pumice fragment (along the bottom of the 
picture). E (crossed Nicols) shows a euhedral 
anorthoclase grain. 

F. JCY 173 (grid coordinates 326976) plagioclase lithic
crystal sillar (plane polarized light) from the base of 
the Padre Miguel Group. Glass bubble near center of 
field shows vapor-phase crystallization. Note unde
formed glass shards. 
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PLATE IX 

A 
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INTRUSIVE ROCKS 

Sample: JCY 298 Grid coordinates: 3499 

White, dusky-green spotted muscovite-chlorite granodiorite from the 
intrusive complex east of Comayagua. Granitic texture with an average 
grain size of about 1.2 mm. P-enninite comprises 20% of the slide; 
nothing indicates whether the mafic replaced was biotite or hornblende. 
Composition: 25% anhedral quartz, 40% subhedral plagioclase (oligoclase/ 
andesine, saussuritized, bent twin lamellae), 5% muscovite (mostly 
ragged small grains), 5% cloudy orthoclase, 4% ilmenite and leucoxene, 
and a trace of apatite. 

Sample: JCY 299 Grid coordinates: 3800 

Greenish-black to grayish-green hornblende gabbro from the intrusive 
complex east of Comayagua. Hypidiomorphic granular texture with 40% 
dark minerals. Showa crude foliation near shear zones and is thoroughly 
fractured and altered. Composition: 55% saussuritized plagioclase 
(andesine/labradorite), 40% hornblene (chloritized pale yellow to mediUJ!l 
green to brown pleochroiam) that is mostly replaced by penninite, 2% 
euhedral ilmenite and leucoxene, 2% epidote replacing plagioclase, and 
1% tremolite. 

Sample: JCY 300 Grid coordinates: 3900 

Greenish-black to gray, aug.it e- hornblende gabbro with quartz from the 
intrusive complex east of Comayagua. Ophitic texture. Contains 5 mm. 
hornblende and plagioclase phen-ocrysts and numerous 0.5 to 0.7 mm. 
euhedral augite crystals completely surrounded by plagioclase. Some 
plagioclase crystals show three directions of albite twinning (two are 
probably the result of strain). Composition: 55% plagioclase (andesine), 
20% euhedral pinkish augite, 15% hornblende (pale yellow ta green to 
brown pleochroism; seems to be replacing augite), 7% chlorite, 2% 
ilmenite and leucoxene in the chlorite, and 3% rutilated quartz. 

Sample: JCY 168a Grid coo·rdinates: 360981 

Very pale orange grai'lodiorite from the border &ene of the intrusive 
complex east of Comayagua. Granitic texture (a·ver&g.a grain si.ze 1.5 mm.). 
Composition: 25% euhedral to subhedral sa:ussuri'tized plagioclase 
(oligoclase), 15% perthite (Or 50 to 70), 25% orthoclase (subhedral),
25% quartz, 9% muscovite (small ragged sheaves), 1% hematite. 

Sample: JCY 169 !irid coordinates 361981 

Very pale yell.ow t-0 very li~.t gre..y granoo.iiori te froa the border zone 
of the large intrusive complex east of Comayagua. Granitic texture 
(average grain size 7 mm.) with some graphic intergrowths of quartz and 
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and K-feldspar. Composition: subequal parts plagioclase (sausseritized 
oligoclase), orthoclase (mostly perthite,Or 70), and anhedral quartz 
with 5% aggregates of fine-grained muscovite and magnetite that probably 
were mafic grains, 2% muscovite, and a trace of apatite. 

Sample: JCY 262 Grid coordinates: 408973 

Pale olive rhyolite crystal-vitric dike (fluidized?) from the saddle 
between cerros Volcan and Granadilla. Composition: 15% 1 to 3 mm. 
phenocrysts of euhedral, crackled, embayed quartz with strain lamellae, 
and 10% euhedral, slightly cloudy, embayed orthoclase. Ground.mass is 
very fine-grained mosaic of low-birefringence minerals with scattered 
patches of epidote and sericite(?) with a hint of shard structure. 

Sample: JCY 271 Grid coordinates: 358031 

Pale brown rhyolite vitric recrystallized dike from the north edge of 
the map area. Composition: 7% broken, embayed, euhedral crystals of 
quartz, 3% broken euhedral orthoclase crystals that are mostly altered 
to clay minerals, 1% euhedral biotite, 2% disseminated hematite, and 
5% partially digested rock fragments. Average phenocryst size 0.8 mm. 
Groundmass composed of fine-grained high-birefringence minerals. Over
all appearance is that of a recrystallized fluidized dike. 

Sample: JCY 5 3 Grid coordinates: 398938 

Grayish-olive diorite from the east flank of Cerro Volci°n. Composition: 
75% altered plagioclase, 15% chlorite pseudomorphs after augite (?),and 
10% magnetite with a little pyrite. Specimen thought to be a sedimentary 
rock in the field. 

Sample: JCY 181 Grid coordinates: 333030 

Greenish-gray quartz-bearing hornblende diorite dike from west edge of 
El Sitio. Almost granitic texture. Average grain size of the plagioclase 
is 1 mm. and that of hornblende, 2mm. Composition: 60% plagioclase, 
saussuritized and partially replaced by epidote, and 35% brown hornblende 
that is partially replaced by penninite and leucoxene-coated ilmenite. 
In addition, the rock contains 4% o.2 mm. quartz and a few acicular 
tremolite crystals. 

Sample: JCY 180 Grid coordinates 269030 

Olive-black olivine b·asalt (Streckeiaen andesite) from a dike that inter
sects the Ca.rreterra del Norte at the north edge of the map area. 
Trachyt~c.texture ?f 0.2 mm. plagioclase laths with a few larger (0.6 mm.) 
saussuritized plagioclase phenocrysts. Compe-sition: 60% plagioclase, 
15% to 20% altered mafic grains (olivine?, replaced by iddingsite or 
hematite-stained chlorite), and a few pyroxene or amphibole grains. 
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Remainder of the rock is very fine-grained low-birefringence groundmasso 
Thin section contains frittered quartz grains (with reaction rims) 
that were probably picked up from redbeds. 

Sample: JCY 128 Grid coordinates: 201892 

Dark greenish-gray andesite po~phyry dike cutting the redbeds at Las 
Minitas. Laths of plagioclase enclose fine-grained magnetite. About 
50% of the groundmasa is 0.3 mm. plagioclase (An 30). The rest of the 
groundmass if chlorite and very fine-grained material. Plagioclase 
phenocrysts (An 45) about 3 mm. long, comprise about 20% of the rock. 
Phenocrysta zoned and the centers of many are replaced by calcite or 
completely altered to clay minerals. 

TODOS SANTOS ROCKS 

Sample: JCY 164 Grid coordinates: 305007 

Pale yellow sheared rhyolite tuff from top of Todos Santos section at 
Mata de Ca~a. Composition: a few euhedral and subhedral embayed quartz 
grains in a fine-grained matrix of mica or clay minerals and calcite. 
Quartz phenocrysts have been rotated. 

Sample: JCY 12 Grid coordinates: 3120 

Light lavender, tufaceous, very poorly sorted, immature, plagioclase
orthoclase volcanic mudstone from near Valle de Angeles. Composition: 
30% recognizable grains and 70% groundmass. Groundmass contains wispy 
patches that may represent devitrified shards. Grains include euhedral 
brown biotite, rounded metamorphic rock fragments, euhedralorthoclase, 
embayed quartz, frayed muscovite and fresh broken euhedral plagioclase. 
Plagioclase, biotite and rock fragments each represent about one-tenth 
of the recognizable grains; remainder of the grains are quartz and 
orthoclase. Delicate angular mineral fragments preclude all but a minor 
amount of abrasive transport. Largest grains are 1 mm. in diameter. 

Sample: JCY 13 Grid coordinates: 316023 

Light gray to pinkish-gray, granule medium sandstone: illitic-quartzose, 
submature, volcanic rock fragment, subphyllarenite from thick sequence 
of redbeds near Valle de Angeles. Grains are very angular, poorly sorted, 
and show incipient suturing. Cement constitut-es about 6% of the rock 
and consists of recrystallized clays and quartz. Suite of clasts: 85% 
metaquartz with undulose extinction, 5% unknown rock fragments that may 
be either mudstone or volcanic rock fragments, 3% metamorphic rock 
fragments (mostly mica schist), 1% opaque grains (mostly hematite). 
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Sample: JCY 17 Grid coordinates: 292013 

Light bluish-gray fine sa:ndsto-ne: qu-a.rtzose, submature, biotite, 
subphyllarenite fr-0m the core of the anticline north of Comaya.gua.o 
Grains very angular, show incipient suturing and a slight preferred 
elongation. Suite of clasts: 65% metaquartz with undulose extinction 
and bubble tr.ains, 30% rook fragment-s (mo·stly m-etaquartzi te, mica schist 
and phyllite and a few silicified claystone (?), and 5% ameoboid clots 
of fine mica or coarse clay material that may represent clay matrix that 
was squeezed into voids. 

Sample: JCY 24 Grid coordinates: 305010 

Grayish-purple, friable, granule coarse sandstone: clayey, immature, 
metamorphic rock fragment-plagioclase, subsedlithite from anticline north 
of Comayagua. Suite of clasts: 70% rock fragments (4096 sedimentary 
rock fragments, mudstone and siltstone; 18% metamorphic rock fragments, 
metaquartzite and schist; 2% volcanic rock fragments, andesite and basalt), 
200/o quartz (mostly metamorphic), 6% plagioclase (about one in seven 
grains are fresh), 3% hematite, and a trace of orthoclase. 

S0.1pple: JCY 42 G-rid coordinat.ea: 333013 

Medium dark gray volcanic siltstone (incipient hornfela) 2 m. away from 
a diorite dike near El Sitio. Strong parallel orientation or inci:i>ient 
foliation of the clay minerals composing the matrixo Most of the resolv
able grains very angular. Clay-sized material that shows signs of 
having been sheared (rolled grains) comprises 75% of the rock. Maximum 
grain size 1 mm. Suite of clasts: 4% metaquartzite grains, 4% euh~dral 
quartz, 11% orthoclase ( tw-inned with micaceous r~ction rims), 3% 
saussuritized plagiocla.~, 3% rock fragments (pr-0bably altered siltstone 
and volcanic rock fragments), 2% magnetite and hematite, and on.e possible 
pumice fragment that is now a mosaic of fine-grained quartz and chalcedony. 
Probably a quartz-feldspar tuff originallyo 

Sample: JCY 71 Grid coordinate£: 307028 

Greenish-gray fine sandstone: clayey-quartz·ose, i11HBat:are, pl.agioclase 9 

sedlithite fr-0m village of Valle de Angele·s. One souro-e of .quartz pro
vided well-rounded grains, anot-her pr-~vided a11gular grain·e. The lar8est 
grain 0.5 mm. and the average grain size about 0.2 mm. Clays that 
compose the matrix haTe grown to :fine-grain-ed mica'S an'<! the roek is v~ry 
highly compacted. Suite of cl·asts: 30% sedi111entary rO'ck fragments 
(siltstone, claystone, and some chert), 20% meta'!lfOrphic rock fragment~ 
(metaquartzite and quartz-muscovite schi·st), a few altered and.e.ai.te 
grains• 25% indiTidu-al quartz gra-in·s (some ri th ttmiel"<Yi!re e:Ktin-0ti.o.n),
15% plagioclase (mostly saue-suritized with a few fresh grains), 2% 
opaque gra.ina (la11eo~e1t~, .hematite, l.imonit-e and a bit of magnetite, 
and ilmenite), 1% muscovite, a few detrital chlorite grains, and one 
green tourmaline. 
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Sample: JCY 168 Grid coordinates: 360981 

Very pale orange fine sandstone: quartzose-clayey, submature, orthoclase
plagioclase, subphyllarenite less than 100 m. from the large intrusive 
complex east of Comayagua. There is some evidence of secondary growth 
of micas in the groundmass (incipient hornfels)o Suite of clasts: 70% 
(iua.rtz (mostly metaquartz), 10% hematite (probably derived from magnetite), 
5% mica schist, and a fe·w grains of orthoclase and p1agioclase. The 
rest of the rock is cementing material--fine-grained mica or coarse clay 
and quartz. Shear zones show considerable reconstitution of micas 
parallel to the shear. 

Sample: JCY 213 Grid coordinates: 360013 

Pale red to grayish-red, granule medium sandstone: clayey, immature, 
orthoclase, subphyllarenite from near large intrusive complex east of 
Comayagua. Texture and composition similar to JCY 168 except that there 
is some granulation along shear zones. 

Sample: JCY 214 Grid coordinates: 344993 

Light bluish.-gray, very fine s&ndstone: clayey-micaceo:i.is, immature, 
muscovite-magnetite, subquartz arenite xenolith in the granodi.orite 
intrusion east of Comayagua. Incipient granoblastic texture with 
parallel alignment of muscovite and elongate quartz grains and small
scale bedding lamination. About 30% of the rock is a fine-grained 
groundmass composed of mica or clay and quartz or feldspar. Suite of 
clasts: 6% magnetite and hematite, 1% leucoxene, 2% muscovite, and quartz 
with a trace of tourmaline, and a few grains of dark brown biotite. 

Sample: JCY 230 Grid coordinates: 372980 

Medium gray coarse silt to medium sandstone (bimo<lal): clayey, immature, 
chert, quartz arenite from near the intrusive complex east of Cotnayagua. 
Approximately 60% of the rock is fine mode (seems t-0 be all (iUartz). 
Coarse mode: 4% chert; the rest being (iuartz (mostly metamorphic). 
Contains a trace of apatite, zircon, hornblende, and muscovite. 

Sample: JCY 248 Grid coordinates: 197850 

Pale green, pebble medium sandstone: clayey, immature, metaquartz, 
sedlithite (probably a slightly altered mudflow; Professor Robert L. Folk, 
personal communication, March 1970) from the intruded area in the south
western part of the Comayagua Quadrangle. About 30% of the rock extremely 
fine-grained groundmass with about 3% fine-grained pyrite. Contains 
several 4.5 cm. oval bodies that probably were mudballs. Sixty percent 
of the rock angular sedimentary rock fragments with fuzzy boundaries 
that indicate recrystalization and reaction with the groundmass o Perhaps 
one-sixth of these clasts are altered feldspar. Remainder of the clasts 
metamorphic and vein quartz, also with reaction rims. 



127 

Sample: JCY 253 Grid coordinates: 343008 

Light olive-gray fine siltstone hornfels with 40% medium sand-size 
quartz grains (mostly ~etamorphic). The quartz grains have reaction 
rims. Groundmass mostly recrystallized to sericite and illite. About 
3% of the rock consists of ilmenite and leucoxene with a little hematite. 

Sample: JCY 263 Grid coordinates: 411982 

Grayish-red, cataclastically altered, hematitic siltstone with a metallic 
luster from the top of Cerro Granadilla. Foliated and foliation sheets 
complexly crenulated. Foliation defined by parallel arrangement of 
chlorite and sericite. 

Sample: JCY 272 Grid coordinates: 358008 

Moderate yellowish-brown fine sandstone: calcitic, immature, chert
plagioclase, metaquartz arenite from near the intrusive complex east 
of Comayagua. About 50% of the rock is fine to coarse-grained secondary 
calcite and fine-grained opaque grains. Suite of clasts: 40% quartz 
(mostly metamorphic), 5% chert, 2% opaque grains (ilmenite, leucoxene, and 
a little hematite), 1% ragged mica schist fragments, 1% plagioclase 
(some fresh, the rest saussuritized and partially replaced by calcite). 

Sample: JCY 281 Grid coordinates: 402999 

Very light bluish-gray to pinkish-gray fine sandstone: quartzose, 
submature, chert, metaquartz arenite (sheared and slightly altered). 
Abundant shearing and granulation and some of the quartz grains inter
penetrate each other. Suite of clasts: 95% quartz (mostly metamorphic) 
and about 5% chert. 

Sample: JCY 283 Grid coordinates: 422971 

Olive-black, plagioclase, metaquartz arenite from the border zone of the 
intrusive complex east of Comayagua. Similar to JCY 281 except that it 
is pervasively sheared and granulated and contains 1% plagioclase 9 1% 
ragged muscovite flakes, and 1% fine-grained chlorite mosaics and streaks. 
Deformation seems to have been taken up in the matrix . 

Sample: JCY 287c Grid coordinates: 422971 

Dusky yellow-green granule fine sandstone: micaceous-clayey 9 immature, 
plagioclase-chert-sedimentary rock fragment 9 subphyllarenite. Texture 
and composition similar to JCY 283 except that this rock contains 15% 
metamorphic rock fragments, 5% chert, 5% squeezed sedimentary rock 
fragments, 4% plagioclase (with bent twin lamellae), and 1% orthoclase 
and a few subrounded zircons. 
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Sample: JCY 270p Grid coordinates: 305007 

Grayish-red granule medium sandstone: clayey-calcitic, immature, 
plagioclase and limestone nodule, subphyllarenite from the bottom of 
the measured section near Mata de Caira. Very poorly sorted and cemented 
by calcite and clay. Suite of clasts: 75% quartz (mostly metamorphic 
with some vein quartz), 5% calcite cement, 5% limestone nodules that 
appear to be caliche balls, 5% fresh and weathered plagioclase (some of 
which is partially replaced by calcite), and 4% dark red mudstone clasts. 
A limestone-nodule-bearing tuffaceous mudstone is about 10 m. lower in 
the seotion. 

Sample: JCY 279 Grid coordinates: 368001 

Light olive very fine sandstone: hematitic-quartzose, submature, Fe 
oxide and plagioclase, subarkose (fractured and slightly altered to an 
incipient hornfels from the valley between the gabbro and granodiorite 
intrusions east of Comayagua. Entire rock looks ground-up. Quartz grains 
sutured over 3 mm. areas. Roughly 20% of the slide is occupied by fine 
quartz veins. Suite of clasts: 70% quartz (mostly metamorphic), 15% 
plagioclase (mostly fresh with a few grains showing bent twin lamellae), 
5% mica fragments (some are clearly from schists and others are clearly 
secondary), 5% magnetite and pyrite, some of which has gone to limonite. 

Sample: JCY 291 Grid coordinates: 433997 

Grayish-red, pebble, medium sandstone: quartzose-illitic, immature, 
muscovite schist and leucoxene, subsedlithite from saddle north of the 
peak of Cerro Copet6n. Cemented with hematite-stained quartz illite that 
appears to have been squeezed into the voids between grains. Suite of 
clasts: 60% quartz (one-quarter of which may be nonmetamorphic), 15% 
hematite-stained mudstone, 10% chert, 2% muscovite schist fragments, and 
1% leucoxene. The rest of the rock is cement. 

Sample: JJO 292 Grid coordinates: 173889 

Pale red, pebble, granule conglomerate: quartzose-illitic, quartz 
phyllarenite from the Jes6s de Otoro Quadrangle. Largest clast about 
1.5 cm. Very poorly sorted conglomerate with about 20% matrix (5% illite, 
the rest is very fine quartz and mica schist fragments). Large quartz 
clasts all derived from a metamorphic source originally but some may be 
second-cycle clasts. Some fine-grained sedimentary rock fragments are 
deformed and partially replaced with calcite. A few volcanic rock fragments. 

Sample: Jts Grid coordinates: 295020 

Grayish-red, hematitic, flood plain siltstone with plagioclase from 
40 m. below the contact with the Yojoa Group in the anticline north of 
Comayagua. Hematite-stained clay matrix is about 20% of the rock. Suite 
of clasts: 65% quartz, 7% chert, 5% mica schist, and 3% plagioclase. 
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YOJOA GROUP 

Sample: JCY 270b Location: Mata de Caha section. 

Medium dark gray, orbitolina-b~aring bi eaicrite that weathers very pale 
orange to light gray. Orga·nic textur·e partially de-stroyed :0-y shear 
folding. Shear folding offsets calcite-filled joints. Poorly sorted 
quartz silt (1-2%) e-venly distributed throughout the rock. Pyrite and 
limonite concentrated in the shear crenulations. Organic fragments 
include Orbitolina texana, and a few miliolids and echinoid fragments. 

Sample: JCY 270c HS only Location: same as above 

Medium dark gray, sparse biomicrite that weathers to a light olive gray. 
Fossil fragments up to 3 mm. long and consist of pelecypod fragments. 
Some algal fragments in intraclasts. Contains about 1% quartz silt and 
scattered euhedral pyrite and is limonite stained. 

Sample: JCY 270d Location: same as above 

Dark gray foraminifera biomicrite that weathers medium gray. Contains 
about 15% skeletal debris (Textularia, miliolids, anomilina, ostracods, 
pelecypods, and small braciapods) and some micrite intraclasts. Sheared 
with some limonite along fractures. 

Sample: JCY 270e Lo-ca,tion.: same as above 

Medium dark gray sparse pelecypod biomicrite that weathers very light 
gray. Oyster fragments up to 3 cm. long and partially silicified. Quartz 
silt stringers are crenulated and sheared. Beautiful stylolites. The 
few burrows are partially dolomitized. 

Sample: JCY 270f HS only Location: same as above 

Medium dark gray sparse burrowed micri te that wea-thers lig-ht gray with 
foraminifera and a few small whole pelecypods. Als-0 a few 0.1 mm. 
spar grains, about 1% quartz silt and perhaps some siliceous spicules. 
Partially silicified. 

Sample: JCY 270g HS only Location: same as above 

Dark gray sparse pelmicrite with a few light-colored burrows that contain 
crunched-up miliolids, ostracods, and thin-shelled pelecypods. Less 
than 1% silt. Small limonite specks in oxidized burrows. 

Sample: JCY 270h HS only Location: same as above 

Medium dark gray biomicrite. Contains oyster and foraminifera fragments. 
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Sample: JCY 2701 HS only Location: same as above 

Medium dark gray intraclast-bearing foraminifera biomicrite that weathers 
medium light gray. Skeletal material: fragments of pelecypodle, 
ostracods and foraminifera in a fine f oraminifera debris mud. Some 
larger fragments seem to be encrusted with algae. Dark gray, poorly 
sorted, sparse biomicrite interclasts. 

Sample: JCY 270j HS only Location: same as above 

Medium dark gray miliolid-bearing sparse biomicrite that weathers 
yellowish-gray. Contains about 1% quartz silt and probably some algae. 

Sample: JCY 270k Location: same as above 

Medium dark gray, sparse fragmental skeletal pelmicrite that weathers 
moderate orange-pink. Skeletal material: foraminifera(Orbitolina), 
shell material (unident!fied), echinoid fragments, and ostracods 
(shell material accounts for about 5% of the rock). Also about 1% silt 
and 0.5% magnetite that is partially altered to limonite and hematite. 

Samplet JCY 2701 HS only Location: same as above 

Dark gray sparse biomicrite containing a few pelecypod fragments and 
miliolids. Weathered surfaces very light gray and fluted. Bedding is 
vague and the rook may contain some pellets. 

Sample: JCY 270m Location: same as above 

Medium dark gray sparse microsparite (skeletal material all recrystallized, 
even echinoid fragments). Contains about 0.5% hematite and limonite 
and 0.5% quartz silt. 

Sample: JCY 270n Location: same as above 

Light olive-gray finely crystaline dolomite with very uniform crystal 
size that weathers yellowish gray. Completely recrystallized (80% 
dolomite) with the remaining calcite in poikilotypic grains. Contains 
1% O.l mm. euhedral pyrite grains that weather to limonite. 

Sample: JCY 166 Grid coordinates: 328004 

Dark gray, porous,silicified Atima limestone adjacent to the vein at the 
Las Chacaras mine. Consists of mosaic of fine-grained quartz with about 
7% ragged edged pores. Fin'ely divided magnetite and hematite scattered 
throughout the rock. Several silicified miliolids and orbitolinas 
definitely identify the rock as Atima. 
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Sample: JCY 41 Grid coordinates: 324007 

Dark gray ailicified limet1tone from the north side of the ridge north 
of Las Cha.caras mine. A mosaic of quartz that is much like one would 
~xpect from the replacement of a dolomite by quartz (fine-grained areas 
are lighter colored than coarse-grained areas). Replacement of the 
limestone occurred before the formation of the quartz veins. A few tear
drop shaped areas are reminiscent of organic remains. 

VALLE DE ANGELES GROUP 

IV
Sample: JCY 270a Location: Mata de Cana section 

Dusky yellow pebble very coarse sandstone: clayey, immature, chert, 
phyllarenite that weathers grayish-orange. .Maximum grain size is 1 cm. 
Matrix of hematite-stained clay consititutes 7% of the rock. Suite of 
clasts: 65% metamorphic rock fragments (including composite metaquartz 
clasts), 10% sedimentary rock fragments (sand&to-nes and siltstones), 
10% chert and possibly some silicified volcanic rock fragments, 5% indivi
dual quartz grains (meat of these are also from a metamorphic source), 
3% opaque grains (mostly magnetite with a bit of leucoxene, ilmenite, and 
hematite). 

Sample: Kva O+ Grid coordinates: 2802 

Yellowish-gray very fine sandstone: quartzose, submature, metamorphic 
rock fragment, sedlithite about 2m. above the contact with Ka in the 
anticline northwest of Comayagua. Clasts are moderately sorted and show 
effects of interpenetration and incipient suturing. Suite of clasts: 
65% quartz (mostly from metamorphic source), 20% mudstone, siltstone, and 
fine sandstone, 10% schist and metasiltstone, 5% hematite, and one 
plagioclase grain and one volcanic rock fragment. 

Sample: Kva +70 Grid coordinates: 2802 

Moderate grayish-red pebble coarse sandstone: clayey, im~ature, plagio
clase, volcanic arenite 70 m. abo\te the contact with Ka in the anticline 
northwest of Comayagua. Largest clast 4 mm. So~e chal.cedony cement 
accompanies the clay. Suite of clasts: 30% quartz (a.t least one-half 
of which is euhedral embayed volcanic), 20% plagioclase (most grains 
are weathered and show effects of abrasive transport but some are fresh), 
33% volcanic rock fragments (and&site, and siliceous tuff), 12% meta
morphic rock fragments (quartzite and muscovite schist), and 5% siltstone 
fragments. 

Sample: Kva +120 Grid coordinates: 2802 

Grayish-red fine sandstone: clayey, immature, chert-plagioclase, 
phyllarenite 120 m. above Ka in the anticline northwest of Comayagua. 
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Suite of clasts: 47% quartz (2/3 from a metamorphic source), 15% 
quartz-muscovite schist, 10% plagioclase (some weathered, some fresh), 
10% andesite and siliceous tuff, 10% mudstone, 5% chert, 3% magnetite 
and hematite. 

Sample: JCY 28 Grid coordinates: 401955 

Dusky-red very fine sandstone: hematitic-illitic, immature, volcanic 
quartz, subphyllarenite from Cerro Volcan. Most of the grains angular, 
but about 10% are rounded. Hematite-stained illite and sericite cement 
comprises about 15% of the rock. The suite of clasts consists of 50% 
metamorphic rock fragments (mostly quartzite and mica schist), 20% 
sedimentary rock fragments (sandstone and siltstone), 15% volcanic rock 
fragments (including 5% volcanic quartz). 

Sample: JCY 28 Grid coordinates: 401955 

Grayish-red granule conglomerate: clayey, immature, sedimentary rock 
fragment, phyllarenite with a composition similar to the other JCY 28 
except that volcanic material is absent. Largest clast about 3 cm. in 
diameter. 

Sample: JCY 30 Grid coordinates: 404957 

Grayish-red medium sandstone: clayey-quartzose, immature, phyllarenite 
from Cerro Volcan. Apparently two sources for this rock, one that provided 
angular clasts and one that provided subrounded clasts. Suite of clasts: 
80% quartz (about~ are from a metamorphic source), 6% mica schist, 
6% mudstone, 1% muscovite, 1% hematite, 6% clay cement. 

Sample: JCY 97 Grid coordinates: 198927 

Grayish-red pebble granule conglomerate: calcitic, immature, meta
quartz-orthoclase-plagioclase, volcanic arenite from the upper part of 
Kva. Calcite cement about 5% of the rock. Suite of clasts: 45% 
volcanic rock fragments (dacite, andesite, basalt, latite dikes or flows),
25% sedimentary rock fragments (siltstone, mudstone, limestone balls, 
chalcedony, and chert), 10% metaquartz, 7% plagioclase (sauasuritized and 
replaced by calcite), 5% orthoclase, and 3% chlorite. Some of the 
chalcedony is composed of length-slow fibers and contains anhydrite-like 
chalcedony from evaporite sequences (R. L. Folk, personal communication, 
March 1970). 

Sample: JCY 238 Grid coordinates: 406933 

Appears to be silicified sandstone (?), but in hand speciment looks 
like sheared medium gray metaquartzite. Strange decussate texture composed 
of O.l to l mm. elo~gate quartz grains with a few orthoclase grains and 
a trace of zircon. 
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Sample: JCY 295 Grid coordinates: 2802 

Pale yeJ.lowish-brown medium sandstone: quartzoae, submature, ph.yllarenite. 
About 4% quartz overgr@Wth cement with clay and hematite. Suite of 
c~asts: 40% vein quartz, 48% metaquartz and muscovite schists, and 8% 
fine-grained sedimentary rock. 

MATAGALPA FORMATION 

Andesite flows of the Matagalpa Formation. 

Sample Name Plagioclas·e Hornblende Opaque Min. 

Phen 
mm. 

Grnd 
% mm. % mm. 

JCY 116 Hornblende ande
s i te prophyry 

JCY 117 Andesite 
0.2 
0.1 

55 
60 

0.6 3 
1% chlorite 

T leucoxene 

JCY 118 Same as JCY 117 

JCY 129 Hornblende ande
s it e prophyry 

JCY 130 Same as JCY 129 
0.1 60 1 2 l 10 

JCY 143 Same as JCY 129 

Phen .. phenocryst, Grnd = groundmass, T = trace 

All samples have well-developed trachytic texture, &r.e olive gray or 
grayish-brown, and have a glassy or ext-reme1y fine-grain-ed graundmass. 
In samples JCY 116, 117, and 118, calcite and quartz fill poxe spaces and 
replace some of the rock. In samples JCY 129 and 130, the plagioclase 
phenocrysts are saussuriti zed and partially r-epla-0·ed 0¥ cal-0ite. 

Sample: JCY 122 Grid coordinates: 225899 

Grayish-green to greenish-blue medium sandstone: calcitic, submature, 
volcanic arenite from within or juat above the Mataga.lpa flows (may be 
equivalent to Subinal Formation). About 3% calcite o-ement and calcite 
mosaic patches replacing part of the rock. Approximately 75% of the clasts 
are devitrified siliceous tuff and 25% are andesite. Some copper staining. 

Sample: JCY 123 Grid coordinates: 219898 

Dusky-red calcitic andeaite lapilli tuff probably near the base of the 
Matagalpa Formation. In plao-ee, the calcite (with a little silica) 
has completely replaced the andesite lapilli. About 3% fine-grained 
hematite. 
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Sa.mple: JCY 114 

Medium gray a.al.cite oemented a:ftd-e-eite breccia at the top of a Matagalpa 
flow. Reniform chalcedony he.s replac~d some of the calcite cement. 
Andesite fragments 0.5 to 1 cm. in diameter. 

PADRE MIGUEL GROUP 

La Sabana ignimbrites 

Composition of La Sabana ignimbrites. 

Sample number Percent composition 

JCY 5 

JCY 57b 

JCY 246 

JCY 296 

Total 
xtal 

55 

30 

30 

35 

Qtz 

17 

10 

10 

10 

San Plag 

30 3 

15 10 

15 

20 2 

Biot 

5 

5 

5 

3 

Mag 
Hem 

1 

1 

Hbnd 
Aug 

RF 

Abbreviations: xtal = crystal, Qtz = quartz, San = sanidine, Pla,g 
plagioclase, Biot • biotite, Mag = magnetite, hem • hematite, Hbnd = 
hornblende, Aug • augite, RF = rock fragments. 

Sample: JCY S Grid coordina-tes: 322997 

Light yellowish-gray, plagioclase-biotite-q-uartz-,san-id.ine, crystal, 
welded ignimbrite near the base of the ignimbrit-e secti-0n. Phenocrysts: 
euhedral, broken and emb~.ed (max. diam. 2 mm.). Eutaxit"i.c structure. 
Shards devitrified to granular patches of low-birefringence minerals. 

Sample: JCY 1 HS only Grid coordina.~e&: 2402 

Pinkish-gray plagioclase-biotite-quartz-sanidine, crystal-vitric, 
poorly welded tuff. Composition: 1% volcanic rock fragments, 1% 
bent pumice. 

Sample: JCY 2 HS only Grid coordinates: 2402 

Yellowish-gray quartz-sanidine, crystal-vitri~well welded tuff. 
Composition: 3% black glass, 2% pumice fragments. 
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Sample: JCY 3 HS only Grid coordinate.a: 2402 

Very pale or~nge silieified soil(?) zone with abundant flattened pores 
lined with druzy quartz. 

Sample: JCY 5Tb Grid coordina.t£s: 38 3948 

Grayi.sh-,black, bioti te-quartz-plagiocla&e-eanidine., cryst.al-vitric 
vitropbTre from the basal ignimbrite unit we&t of (}erro Volcan. Pheno
crysts: b,roken, euhedral, and embayed with glass filling some of the 
embaymenta. Groundmass has good eutaxitic structure, very little devitri
fication, and alight foliation. 

Sample: JCY 154 HS only Grid coordinates: 2503 

Pinkish-gray, biotite-quartz-sanidine, crystal-vitric,welded ignimbrite. 
Composition: 10% pumice fragments, 5% what look likes sedimentary 
rock fragments. Devitrified. 

Sample: JCY 155 HS only Grid coordinates: 2503 

Pale red, biotite-quartz-sanidine, vitric-crystal, welded ignimbrite. 
Composition: 2% rock fragments, mostly volcanic. Devitrified. 

Sample: JCY 156 HS only Grid coordinates: 2503 

Medium yellowish-gray, basalt, lithic-vitric ignimbrite. Composition: 
45% basalt grains in devitrif~ed shard matrix. 

Sample: JCY 157 HS only Grid coordinates: 2503 

Pinkish-gray, quartz-sanidine, vitric-crystal, welded ignimbrite. 
Composition: 2% volcanic rock fragments, 2% slightly flattened pumice. 

Sample: JCY 158 HS only Grid coordinates: 2503 

Very pale orange, pumice-rich, quartz-sanidine, vitric-crystal, poorly 
welded ignimbrite. Composition: 5% rock fragments, 60% pumice. Devitrified. 

Sample: JCY 246 Grid coordinates: 218852 

Bluish-white, biotite-quartz-feldspar, crystal-vitric, well-welded 
ignimbrite. Phenocrysts: (max. 2 mm., av. 1.2 mm.) euhedral, broken 
(feldspar completely altered to clay and partially replaced by calcite). 
Groundmaaa completely devitrified to high-birefringence clays and calcite, 
but shard ghosts still show eutaxitic texture. Probably hydrothermally 
altered. 
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Sample: JCY 296 Grid coordinates: 317994 

Pale red, pla.gioclaee-biotite-quartz-sanidine, crystal-vitric, well-welded 
ignimbri.te about 150 m. above base of Padre Miguel at La Sabana. 
Phenocrysts: euhedral, fresh, broken and embayed (max. 2mm., av. 0.7 mm.). 
Vapor-phase fine crystals in voids. Groundmass composed of slightly 
devitrified glass shards with eutaxitic texture. 

Other hand specimens correlated with the La Sabana ign-imbrites are: 

Sample: JCY 25 Grid coordinates: 304995 

Sample: JCY 98 Grid coordinates: 214981 

Sample: JCY 160a Grid coordinates: 307963 

Taladro samples from Grid coordinates: 220986 

Cerro la Ca~ada ignimbrites 

Composition of Cerro la Ca~ada ignimbrites. 

Sample 
Number 

Total 
xtal 

Qtx San Plag 

Percent 

Biot 

composition 

Mag Hbnd 
Hem Aug 

RF 

JCY 51 29 10 15 l 2 1 

JCY 62 30 12 15 2 1 

JCY 9lw 21 10 7 3 1 8 

JCY 103 25 12 12 1 T T 

JCY 133 23 9 10 3 l 

JCY 144 30 15 14 l T 

JCY 217 38 10 25 T 3 T 

JCY 222 130 15 10 3 l 

Abbreviations: xtal = crystal, Qtz= quartz, San = sanidine, Plag = 
plagioclase, Biot = biotite, Mag = magnetite, Hem = hematite, Hbnd = 
hornblende, Aug = augite, RF = rock fragments, T = trace. 
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Sample: JCY 4 HS only Grid coordinates: 2402 

Very pale orange, quartz-sanidine, vitric ignimbrite. Nonstratified 
with occasional pumice. 

Sample: JCY 5 HS only Grid coo-rdinates: 2402 

Grayish-pink with irregular white stringers of pumice, quartz-sanidine, 
crystal-vitric, well-welded ignimbrite. Devitrified flattened pumice 
8-10% of rock. 

Sample: JCY 6 HS only Grid coordinates: 2402 

Moderate yellowish-brown, fine sandstone: porous, friable, poorly 
sorted, volcanic arenite. Weathers to clay. Finely laminated (dunes?). 

Sample: JCY 7 HS only Grid coordinates: 2402 

Grayish-orange, plagioclase-biotite-quartz-sanidine, crystal-vitric, 
devitrified ignimbrite with 8% biotite. 

Sample: JCY 8 HS only Grid coordinates: 2402 

Grayish-pink, plagioclase-quartz-sanidine, vitric-crystal, welded 
ignimbrite. Devitrified and weathered to clay. Composition: 20% 
phenocrysts, 3% pumice. 

Sample: JCY 51 Grid coordinates: 38242'7 

Light purplish-gray, plagioclase-quartz-sanidine, crystal-vitric, well
welded ignimbrite from Cerro la Caffada. Phenocrysts: euhedral, embayed 
and a few are broken (1-4 mm.). Groundmass contains as much as 15% 
flattened pumice (axiolitic devitrification). Rest of groundmass shows 
eutaxitic texture and is partially devitrified to low-birefringence 
minerals. 

Sample: JCY 62 Grid coordinates: 226016 

Grayish-red, biotite-plagioclase-quartz-sanidine, vitric-crystal 
vitrophyre from the northwest part of the map area. Phenocrysts: 
euhedral, embayed, broken, and the quartz is crackled. Contains 40"~ 
very much flattened pumice fragments (up to 3 cm. with axiolitic de
vitrification). Groundmass eutaxitic and foliated. 

Sample: 9lw Grid coordinates: 226026 

Light pinkish-gray, plagioclase-sanidine-quartz-vitric-crystal, well
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welded ignim:bri te from north.est part of the ma..p area. Contains 5% 
flattene.d pumice fragme-nt-s. Phe-nocrysts: euhedra.l and clear ( plagio
clase mostly broken grains). Only relic-welded texture remains as 
groundmass is completely devitrified to patchy low-birefringence material. 

Sample: JCY 103 Grid coordinates: 403917 

Pale pink-purple, plagioclase-quartz-sanidine, crystal-vitric, well
welded ignimbrite from fault scarp near Las Mesas. Phenocrysts: 
euhedral, water-clear, and mostly broken (max. 5 mm.). About 10% 1-4 cm. 
flattened pumice apparently silicified. Groundmass mostly devitrified 
to granular low-birefringence minerals with a few axiolitic structures, 
but still shows original eutaxitic texture. 

Sample: JCY 133 Grid coordinates: 209883 

Grayish-red, hornblende-quartz-sanidine, vitric-crystal, well-welded 
ignimbrite that rests on the Matagalpa at Plan del Horno (Plan de Llanero 
on map). Phenocrysts: euhedral, some are broken, embayed (especially 
quartz) and clear (hornblende is extensively altered). Flattened and 
bent pumice fragments (20% of rock) show original eutaxitic texture. 
Pumice fragments and groundmass are devitrified to granular, snowflake, 
and axiolitic aggregates of low-birefringence minerals. 

Sample: JCY 144 Grid coordinates: 375947 

Very pale orange, sanidine-quartz, crystal-vitric, welded ignimbrite 
from just north of Cerro la Ca~ada. Phenocrysts: euhedral, broken, 
embayed, clear and up to 2 mm. in diameter. Flattened, bent, pumice 
fragments that make up about 30% of the rock are recrystallized to axiolitic 
aggregates of low-birefringence minerals. Groundmass devitrified to a 
granular mosaic of low-birefringence grains, but relic shards show the 
or~ginal eutaxitic texture of the rock. 

Sample: JLP 217 Grid coordinates: 408843 

Pale red', quartz-sanidine, crystal-vi trio, well-welded ignimbri te from 
the northeastern part of the La Paz Quadrangle. Phenocrysts: embayed, 
clear, euhedral, and broken with an average diameter of about 2 mm. 
Flattened and bent pumice shards partially assimi.la.ted. Groundmass 
devitrified to snowflake patches and fine-grained granular low-birefringence 
minerals, but a few ghost shards remain, showing the eutaxitic texture. 

Sample: JCY 222 Grid coordinates: 420927 

Grayish-orange-pink, sanidine-quartz, crystal-vitric, well-welded, 
ignimbrite from the base of the ignimbrite section at El Tamarindo . 
Phenocrysts (up to 3 mm. diam.): euhedral, embayed and clear. Large 



139 

(3-4 cm.) flattened. pumic& fragments and a few ghost shards demonstrate 
the eutaxitic structure of the rock. Groundmass and pumice devitrified 
to ragged snow flake patches 

Otner hand sp&cimens correlated with the Cerro la ca.ilada ignimbrites. 

Sal!lple: JJO 10 Grid coordinates: 17 3889 

Sample: JCY 9 Grid coordinates: 2402 

Sample: JCY 62 Grid coordinates: 222016 

Sample: JCY 93 Grid coordinates: 221028 

Sample: JCY 160 Grid coordinates: 307963 

Pheno-andesite Ignimbrites 

Composition of pheno-andesite ignimbrites. 

Sample 
number 

JCY 58 

JCY 69 

JCY 70 

JCY 81 

JCY 82 

JCY 83 

JCY 98 

JCY 116 

JCY 221 

JCY 259 

Percent composition 
.. ·----··- ··----

Total Qtz San Plag Biot Mag Hbnd RF 
xtal Hem Aug 

28 T 20 4 T 

26 T 25 1 2 

20 19 1 5 

12 10 1 T 3 

30 T 25 1 3 1 3 

3 2 1 

5 5 T 

5 5 T T 2 

30 25 2 3 1 

13 10 3 

Abbreviations: xtal = crystal, Qtz = quartz, San = sanidine, Plag = plagio
clase, Biot biotite, Mag = magnetite, Hem = hematite, Hbnd = hornblende,c 

Aug =augite, RF = rock fragment. 
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Sample: JCY 58 Grid coordinates: 220702 

Pale red, olivine(?)-plagioclase, crystal-vitric, well-welded ignimbrite 
in a fault sliver west of the valley. Plagioclase grains mostly euhedral 
fragments of much larger grains, normally zoned, and embayed (max . 2 mm . , 
av. 0.8 mm.). Glass shards are devitrified to axiolitic intergrowth of 
low-birefringence minerals and show well-developed eutaxitic structure 
wi~h good foliation. 

Sa~ple: JCY 69 Grid coordinates: 218998 

Grayish-red, biotite-plagioclase, crystal-vitric, well-welded ignimbrite . 
Phenocrysts: fresh, euhedral, broken fragments. Glass shards devitrified 
to axiolitic intergrowths, show eutaxitic structure, and are well foliated. 

Sample: JCY 70 Grid coordinates: 216002 

Bro..rnish-black, biotite-plagioclase, vitric-lithic, vitrophyre. Mineral
ogy and texture similar to JCY 69 except rock contains 5% andesite 
fragments. 

Sample: JCY 81 Grid coordinates: 212969 

Grayish-black, augite-plagioclase, vitric vitrophyre from ridge southwest 
of El Taladro. Plagioclase normally and continuously zoned, mostly 
fragments of larger euhedral crystals. Five fragmental grains of light 
brown augite. Light brown glass shards show excellent eutaxitic structure 
and are well-foliated. 

Sample: JCY 82 Grid coordinates: 206964 

Pale red, biotite-plagioclase, crystal-vitric, well-welded ignimbrite 
l km. southwest of JCY 81. Texture and condition of crystals similar to 
JCY 81 except that glass shards devitrified to an axiolitic intergrowth 
of low-birefringence minerals. 

Sample: JCY 83 Grid coordinates: 203960 

Pale grayish-red, biotite-plagioclase, vitric ignimbrite that was 
probably welded, but the groundmass is completely devitrified to patchy 
aggregates of low-birefringence minerals. Plagioclase is euhedral, 
broken, and delicately zoned. 

Sample: JCY 98 Grid coordinates: 206928 

Very pale orange, plagioclase, vitric welded ignimbrite(?) from near 
the base of the ignimbrite section southwest of ~a Brea. Groundmass 
cloudy and nondescript. Phenocrysts: somewhat altered, but euhedral . 
Probably a hydrothermally altered welded ignimbrite. 
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Sample: JCY 116 Grid coordinates: 208903 

Pale red, pl&gioclase, vitric flow or ignimbrite from near the base of 
the ignimbrite section on Cerro Barranco Colorado. Plagioclase: 
subhedral broken grains of less than 1 mm. Sparse bi-otite has reaction 
rims. Groundmass completely devitrified to a granular fine-grained 
aggregate of low-birefringence minerals with patches of calcite. 

Sample: JCY 221 Grid coordinates: 408923 

Pale red, biotite-plagioclase, crystal-vitric, slightly welded ignimbrite 
from below El Tamarindo. Some of the plagioclase partially resorbed, 
most is delicately zoned (continuously and discontinuously) euhedral, 
broken crystals (4 mm . max. diam.). Glass shards devitrified to axioiitic 
intergrowths with incipient eutaxitic structure and good foliation . 

Sample: JCY 259 Grid coordinates: 438954 

Light gray, magnetite-plagioclase, well-welded ignimbrite from the 
base of the ignimbrite section south of La Sampedrana. Plagioclase: 
euhedral, broken, embayed, and gradationally zoned. Glass shards show 
eutaxitic structure and are foliated. 

Other hand specimens correlated with the pheno-andesite ignimbrites are: 

Sample: · JCY 74 Grid coordinates: 219993 

Sample: JCY 75 Grid coordinates: 219985 

Miscellaneous Ignimbrites, Flows, and Sedimentary Rocks 

Sample: JLP 1 Grid coordinates: 4177 

Light gray, anorthoclase-sanidine, vitric vitrophyre from the ignimbrite 
that caps the mesa on which the ruins of the Mayan city of Temampua sit 
in the La Pa2 Quadrangle. Phenocrysts: euhedral, water-clear and some 
have broken edges. One beautiful 2 mm. grain of anorthoclase. Pumice 
fragments (7% of rock) flattened showing eutaxitic structure of rock 
even in hand specimen. Glass shards: very little devitrified, well
foliated, and show eutaxitic structure . Sedimentary rock fragments (mud
stone) are partially digested. 

Sample: JCY 66 Grid coordinates: 226999 

Grayish-pink, plagioclase-sanidine, crystal-lithic slightly welded 
ignimbrite. Phenocrysts: euhedral, embayed and have reaction halos 
suggesting partial welding by vapor phase crystallization (max. diam . 2 mm . ) . 
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Rock fragment a ( 3 cm. max.), siltstone and andee-ite a.re baked. Pumice 
fragments flattened and elongated. Shard relics slightly curved and 
completely devitrified (some to axiolitic aggregates). Fine-grained 
magnetite and hematite scattered throughout the light brown groundmass o 
Well foliated. 

Composition of miscellaneous ignimbrit-es. 

Sample 
number 

JLP 1 

JCY 66 

JCY 78 

JCY 104 

JCY 105 

JCX 173 

JLP 219 

JCY 305 

JJO 1 

Percent composition 

Total Qtz San Plag Biot Mag Hbnd RF 
xtal Hem Aug 

5 5 T 1 

25 15 10 15 

15 5 9 1 

20 12 6 1 1 

15 2 10 3 T T 

23 

10 3 3 2 2 T 

35 14 16 5 T 15 

6 2 3 l 

Abbreviations: xtal = crystal, Qtz quartz, San sanidine, Plag 
plagioclase, Biot = biotite, Mag = magnetite, Hem hematite, Hbnd 
hornblende, Aug = augite, RF = rock fragments . 

Sample: JCY 78 Grid coordinates: 215973 

Pale red, plagioclase-quartz-sanidine, vitric-crystal, welded ignimbrite 
from ridge south of El Taladro. Largest crystal and pumice fragments 
about 3 mm. in diameter. Shards foliated and show eutaxitic structure o 
Groundmass mostly recrystallized to ragged snowflake patches of low
birefringence minerals. Probably correlates with Comedor Ignimbrite 
member (Dupre, 1970). 

Sample: JCY 104 Grid coordinates: 404918 

Pale red, plagioclase-sanidine-quartz, well-~eld~d ignimbrite that 
overlies the Cerro la Canada ignimbrites east of Las Mesas. Phenocrysts: 
euhedral fragments and embayed (max. 1.5 mm. diam.). Glass shards only 
slightly devitrified with well-developed eutaxitic structure and foliation . 



A few particles devitrified to axiolitic intergrowths of low-birefringence 
miµerals. Correlated with Comedor Ignimbrite member of Dupre""'(l970). 

Sample: JCY 105 Grid coordinates: 395923 

Pale red, quartz-plagioclase-sanidine, well-welded ignimbrite from 
stream valley north of Las Mesas. Condition of phenocrysts and texture 
similar to J .cy 104 except that the crystals have reaction rims and are 
more extensively embayed and that the groundmass devitrified to fine
grained granular low-birefringence minerals without destroying the shard 
structure. 

Sample: JCY 173 Grid coordinates: 326976 

Very pale red, plagioclase, lithic-crystal, slightly welded ignimbrite 
from unit that overlies Kva near the edge of the intrusive complex 
east of Comayagua. Phenocrysts: embayed, euhedral, strongly zoned crystals 
of plagioclase and a trace of biotite. Fully 30% of the rock is pumice 
and felsite fragments. Pumice bent and flattened, but shards show little 
evidence of welding. Groundmass and pumice devitrified to axiolitic 
and granular aggregates of low-birefringence minerals. 

Sample: JLP 219 Grid coordinates: 427847 

Pale orange 9 bioti te-plagioclase-sanidine-quartz sillar .from the north
eastern part of the La Paz Quadrangle. Phenocrysts: euhedral, embayed, 
clear fragments of larger crystals. Glass shards undeformed, but pumice 
fragments (15% of the rock) flattened and bent. Pumice and shards 
moderately foliated. Groundmass only slightly devitrified (about 4% of 
glass is undevitrified). Correlated wi th Comedor Ignimbrite member 
(Dupre-; 1970). 

Sample: JSG 305 Location: Southeastern 
Siguatepeque Quadrangle 

Grayish-red, plagioclase-quartz-sanidine, crystal-lithic, well-welded 
ignimbrite from the unit that caps the eastern part of the Siguatepeque 
plateau. Phenocrysts: clear, euhedral, embayed fragments of larger 
crystals . Three iddingsite or antigorite pseudomorphs after some mafic 
mineral. Flattened bent pumice fragments with axiolitic devitrified 
texture comprise about 50% of the rock . Shards show incipient granular 
and axiolitic devitrification textures. 

Sample: J JO 1 Grid coordinates: 1890 

/
Light gray vitric tuff from the Jesus de Otoro Quadrangle. Phenocrysts: 
euhedral, broken with average diameter about 0.7 mm. Groundmass completely 
recrystallized to a fine-grained mosaic of low- birefringence minerals . 
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Sample: JCY 84 Grid coordinates: 195949 

Grayish-red, banded rhyolite flow rock. Rock is extremely fine ·grained, 
but shows flow banding in hand specimen and very faint banding in thin 
section. 

Sample: JCY 119 Grid coordinates: 212907 

Rock is a very pale blue-green, granule medium sandstone: clayey, immature, 
plagioclase-quartz, volcanic arenite in the volcanic section. Clay-size 
particles make up the matrix. Suite of clasts: 7'C'fo devitrified siliceous 
tuff fragments, 15% quartz (volcanic and reworked grains), 5% plagioc+ase 
(some very fresh), 3% orthoclase, 3% sedimentary rock fragments, 1% 
biotite, and a trace of epidote. Considerable volcanism accompanied 
de~osition. 

Sample: JCY 310 Grid coordinates: 291955 

Very pale orange microsparite from one of several 3-5-cm. thick limestone 
beds in the lake beds. Fine-grained and well-bedded with a few elongate 
patches that may be glass shard ghosts. 
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