
v'^7

4iff,JV*Mr"* /*-' V-.'- ;'.<" -'-' .
-v ^

:vr>-.;--vy''V.

'#

*wtf'
*uVC*S -"V.V ;-; ..... . , .* , -.,- , .

if..";

'''

;',
'V



GEOLOGY OF THE AGALTECA QUADRANGLE,

HONDURAS, CENTRAL AMERICA

APPROVED :

H^tMJo^
^t. ^^*^0t^r S^-*s^X<_

2>2



"Me alegro que todavia hay personas que saben vivir mal."

Gabriel Dengo (regarding geologists working in the

remote highlands of Central America)

GEOLOGY, n. The science of the earth's crust

-to which, doubtless, will be added that

of its interior whenever a man shall come

up garrulous out of a well. The geological
formations of the globe already noted are

catalogued thus: The Primary, or lower

one, consists of rocks, bones of mired mules,

gas-pipes, miners' tools, antique statues

minus the nose, Spanish doubloons and ances

tors. The Secondary is largely made up of

red worms and moles. The Tertiary comprises

railway tracks, patent pavements, grass,

snakes, mouldy boots, beer bottles, tomato

cans, intoxicated citizens, garbage, an

archists, snap-dogs and fools.

Ambrose Bierce, The Devil
'
s Dictionary
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GEOLOGY OF THE AGALTECA QUADRANGLE,

HONDURAS, CENTRAL AMERICA

by

Peter Anthony Emmet

ABSTRACT

The Agalteca quadrangle is located in the Sierras of Northern

Central America and straddles the N60W-trending Montana de Comayagua

structural belt near the southeastern limit of its known 130 km extent.

The structural belt may extend into unmapped areas to the northwest

toward Guatemala and to the southeast toward Nicaragua. The structural

belt has a width of approximately 30 km in the vicinity of the Agalteca

quadrangle. Mapping of the Agalteca quadrangle has clarified that the

Montana de Comayagua structural belt consists of a series of left-

stepping, en echelon strike-slip faults produced by probable dextral

strike-slip displacement of unknown magnitude in the Late Cretaceous to

early Tertiary. Associated with these strike-slip faults are syntecton-

ic high-angle reverse faults, thrust faults, folds and antithetic

shears. The assemblage is a "flower structure" in cross section, and

is believed to be the product of transpression, or wrenching with a

component of compression.

The axis of the N60W-trending Laramide wrench zone in the

Agalteca quadrangle is structurally high and exposes a conformable se

quence of highly deformed Mesozoic sedimentary rocks. A Paleozoic (?)

xi



xii

metamorphic basement, the Cacaguapa Schist, is known to unconformably

underlie the Mesozoic sequence in central Honduras, but is not exposed

in the Agalteca quadrangle. The Mesozoic sedimentary rocks include the

Upper Jurassic (?) to Lower Cretaceous Todos Santos Formation conglom

erate which is conformably overlain by the Valanginian (?) to Albian

limestone of the Atima Formation. The Atima Formation is conformably

overlain by the Albian to Late Cretaceous redbeds of the Valle de

Angeles Group, which includes an intercalated limestone member, the

Cenomanian Esquias Formation. The Mesozoic sedimentary rocks are in

truded by mafic to felsic stocks and dikes of Late Cretaceous to Ter

tiary age, and are unconformably overlain by Tertiary volcanic rocks.

The volcanic rocks include andesite of the early Tertiary Matagalpa

Formation and the Oligocene-Miocene ignimbrites, basalt flows and vol-

canogenic sediments of the Padre Miguel Group. Terrace deposits of

late Tertiary to Quaternary age unconformably overlie the older rocks

in the Agalteca quadrangle.

The Laramide structures of central Honduras are overprinted by

north-trending grabens of the Honduras Depression which began to form

in the mid-Miocene and are still active. In a regional context, the

western tip of the Caribbean Plate (the Chortis Block) is undergoing

east-west extension. North-trending grabens, including the Honduras

Depression, cut the Chortis block from the Pacific Volcanic Chain to

the Motagua transform boundary. The Honduras Depression is the most

complex of these graben systems. The southern part of the Honduras

Depression consists of grabens and half-grabens which trend north from
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the Gulf of Fonseca and are interrupted by the N60W-trending structures

of the Montana de Comayagua structural belt near Tegucigalpa. The

northern part of the Honduras Depression trends north to the Caribbean

coast from its termination against the Montana de Comayagua structural

belt near Lake Yojoa. The northern and southern segments of the Hon

duras Depression were born with an apparent left-lateral offset along

the Montana de Comayagua structural belt.

The Honduras Depression is a developing rift. A pre-existing

zone of weakness along the Montana de Comayagua structural belt in

hibited the formation of a through-going rift and rejuvenated the Lara-

mide structural belt as a dextral transform fault zone. Late Cenozoic

magmatic uplifts are present within the rejuvenated structural belt,

and economically important base metal concentrations such as the El

Mochito and El Rosario deposits are localized at the intersections of

the northern and southern segments of the Honduras Depression with the

Montana de Comayagua structural belt. Quaternary alkalic basalt is

associated with the Honduras Depression and is also restricted to the

intersections of the depression with the structural belt in the vicinity

of Tegucigalpa and Lake Yojoa.
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INTRODUCTION

GEOGRAPHICAL SETTING

Location

Honduras is located in Central America between 13 and 16 north

latitude and between 83 and 89 west longitude (Figure 1) . The Agal

teca quadrangle is located in the highlands of central Honduras between

1420' and 14 30' north latitude and between 8715' and 8730' west

2
longitude (Figure 2) . The quadrangle comprises 495 km , the western

one-third of which is in the Department of Comayagua. The eastern two-

thirds of the quadrangle is in the Department of Francisco Morazan.

2
Part of the quadrangle (30 km ) was mapped in 1981 at a scale of

1:10,000 by W. S. Logan of The University of Texas at Austin and is

described by Logan (1983) . The area mapped by Logan is bounded by the

vertical Universal Transverse Mercator (UTM) grid lines 64 and 70, and

by the horizontal UTM grid lines 95 and 00 (Figure 2). Logan's map was

incorporated into the map which accompanies this report (Plate I) .

The UTM grid system is utilized to refer to localities in this

report. The first set of coordinates refers to the north-south grid

lines and the second set refers to the east-west grid lines. Four digit

coordinates conventionally are used to refer to general localities with

in one square kilometer. For example, 71/97 refers to the grid square

which includes most of the village of Agalteca. Six digit coordinates

conventionally refer to a point locality. For example, 716/975 refers

1



Figure 1. Location map. Geologic quadrangles shown in letters (see Table 1) ,

reconnaissance geologic quadrangles shown in numbers (see Table 2) . The

Agalteca quadrangle is shown in black. Inset shows location of Honduras

(black) with respect to North and South America.

K>



QUADRANGLE

CD Cedros

CM Comayagua

EP El Porvenir

ER El Rosario

MO Minas de Oro

SZ San Pedro Zacapa

SN Santa Barbara

SY Santa Cruz de Yojoa

SG Siguatepeque

TL Talanga

TB Taulabe

ZB Zambrano

TABLE 1

FIELD-BASED GEOLOGIC QUADRANGLE MAPS OF HONDURAS

AUTHORS & IGN PUB. DATE AFFILIATION (S)

King (1973)

Everett (1970b)

Simonson (1981)

Fakundiny (1971)

Atwood and others (1976)

Finch (1979)

Finch (in prep.)

Curran (1981c)

Curran (1981a)

King (1972a)

Curran (1981b)

Dupre" (1971)

Peace Corps, IGN, DMH

U.T. Austin, ICAITI,

IGN, DMH

IGN

U.T. Austin, ICAITI,

IGN, DMH

Wesleyan Univ., IGN

U.T. Austin, ICAITI,

IGN, DMH

Tenn. Tech. Univ. ,
IGN

Peace Corps , IGN

Peace Corps, S.U.N.Y.

Binghamton, IGN

Peace Corps, IGN, DMH

Peace Corps , IGN

U.T. Austin, ICAITI,

IGN, DMH

DMH - Direccion General de Minas e Hidrocarburos

ICAITI - Instituto Centro Americano de Investigacion y Tecnologia Industrial

IGN - Instituto Geografico Nacional

(Publication dates shown are for the Instituto Geografico Nacional Edition)

REPORT

King (1972b)

Everett (1970a)

Simonson (1977)

Fakundiny (1970)

Atwood (1972)

Finch (1972)

no report

no report

Curran (1980)

King (1972b)

no report

Dupre" (1970)
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TABLE 2

RECONNAISSANCE GEOLOGIC QUADRANGLE MAPS

OF HONDURAS

Quadrangles mapped by the United Nations Development

Program (Anonymous, 1972)

(1) Azacualpa-Valle de Quimistan (12:) Naranjito

(2) Quimistan (13:) San Nicolas

(3) El Sompopero (14:) San Fernando

(4) Macuelizo-Valle de Quimistan (15:) Santa Rosa de Copan

(5) San Marcos d6:) Lepaera

(6) San Antonio de las Crucitas (17:) La Union

(7) Florida (is;) Concepcion

(8) Proteccion (19.) Corquin

(9) San Jose de Colinas (20 ) Gracias

(10) Copan Ruinas (21 ) La Iguala

(11) Dulce Nombre

Quadrangles mapped by photo-geologic interpretation by the Direc

cion General de Minas e Hidrocarburos and the Instituto Geografico

Nacional .

Quadrangle

(22) San Juan de Flores

(23) Tegucigalpa

(24) San Buenaventura

(25) Nueva Armenia

Author, Date

Elvir, (1970)

Elvir, (1969c)

Elvir, (1969b)

Elvir, (1969a)

Report

Carpenter (1954)

no report

no report

no report
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to the soccer field (campo de balompie) in the center of the village of

Agalteca.

Physiography

Central Honduras is an area of high relief consisting of abrupt

mountain ranges and wide, flat-bottomed valleys. Topography is struc

turally controlled. Many of the valleys are grabens, and fresh scarps

along the graben walls indicate that these structures are active.

A chain of peaks crosses the Agalteca quadrangle diagonally

from the northwest to the southeast (Figure 3) . These central highlands

are flanked by low areas in the northeast and southwest parts of the

quadrangle. The highest elevation is 2200 m in the northwest corner of

the quadrangle (462/018) and the lowest is 620 m in the northeast cor

ner of the quadrangle near Chirinos (689/028), for a maximum relief of

more than 1500 m.

Climate and Vegetation

The climate of Honduras is sub-tropical due to its southerly

latitude. Two seasons are recognized in the highlands of Honduras.

The dry season, called verano, or summer, lasts from December to May.

Rainfall is infrequent at this time of year except at the highest eleva

tions, and much of the vegetation withers or is burned off by farmers.

Rock exposures are best during the dry season.

The wet season, called invierno, or winter, lasts from June to

November. It generally rains hard for an hour or so each afternoon dur-



Figure 3. Topography and major drainage map. Elevations in meters
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ing the wet season. Rarely it will drizzle on and off for several days

at a time. Overcast skies persist around the mountainous areas for

months at a time, and aerial reconnaissance should be scheduled for the

dry season. The predictability of the rain allows one to work effi

ciently around it during the wet season. Flash floods and swollen

creeks are serious considerations during this season and reduce access

to remote areas .

The climate is greatly affected by elevation in central Hon

duras. The low valleys are generally hot and arid while the higher ele

vations, especially above 1200 m, are cool and wet.

The density and type of vegetation reflects the amount of rain

fall and is strongly controlled by elevation. Grassland and open oak

and pine forest are common at low to middle elevations (600-1200 m) ,

becoming more dense with increased elevation. Middle to high elevations

(1200-1800 m) are covered by a dense, mixed broadleaf and evergreen for

est in which varieties of pine and sweet-gum are dominant. The highest

elevations consist of cloud forest; a diverse assortment of trees which

are festooned with a fantastic array of orchids, bromeliads, ferns,

Spanish moss and a host of other plants. Only a few remnants of virgin

cloud forest are left in the Agalteca quadrangle, and are steadily fall

ing to the machete blade of slash and burn agriculture. Some striking

correlations between vegetation and lithology are present and are dis

cussed in detail by Miegs (1981) in his description of the flora of the

Agalteca quadrangle.
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LOGISTICS

Access

The village of Agalteca lies 40 km due north of Tegucigalpa, the

capital of Honduras. Access to Agalteca is along the paved, all-weather

Olancho Highway (Carretera de Olancho) north from Tegucigalpa to Agua

Blanca, about 5 km before Talanga. From Agua "Blanca a dirt road leads

20 km west to Agalteca. This road is passable except at times of heavy

rainfall when it is impossible to ford the larger creeks even in a log

ging truck. In good weather the drive from Tegucigalpa to Agalteca

takes about two hours. -

From the village of Agalteca, access by vehicle is possible to

the villages of Pueblo Nuevo and Mata de Platano to the south', Chirinos

to the north, and Zinguizapa and Quebradas to the northwest' (Figure 2) .

A network of logging roads provides access in a four-wheel drive vehicle

onto the flanks of the northwest-trending central highland of the qua

drangle. The highlands can be penetrated only on foot or mule.

The Agalteca-Quebradas road extends to the northwest *as far as

the village of Vallecillo in the southern part of the Valleclilo qua

drangle. Access to the northwest corner of the- Agalteca quadrangle is

limited to foot and mule trails from Vallecillo.

The southwestern corner of the Agalteca quadrangle is also acces

sible by vehicle. From Tegucigalpa one takes the North Highway (Carre

tera del Norte) to Zambrano. A dirt road runs north from Z!ambrano 5 km

to San Francisco de Soroguara and then heads west about 6 km" before en-
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tering the Agalteca quadrangle at El Agua Zarca (540/848) . This road

is passable by four-wheel drive vehicle as far as Las Botijas (555/880)

(Figure 2) .

Foot and mule trails criss-cross the highlands and are main

tained even in the highest and most densely vegetated areas by civic

minded, machete-wielding citizens who slash absent-mindedly at any vine

or creeper that invades the trail. Trails which fall into disuse are

quickly overgrown by an impenetrable mass of blackberry brambles and

bracken ferns. Only the main trails are shown in Figure 2.

Field Methods

Field work was performed from mid-January to mid-December, 1981.

Mapping was done at a scale of 1:50,000 on an excellent topographic base

map prepared by the Instituto Geografico Nacional (IGN) with the assis

tance of the Inter-American Geodetic Survey. Air photos at scales of

1:60,000 and 1:40,000 were utilized in the mapping.

A permanent base camp was maintained at the Hacienda Santa Clara

(694/968) , courtesy of the Banco Central de Honduras. The easily acces

sible eastern one-third of the quadrangle was mapped with the aid of a

vehicle and driver supplied by the IGN from January till May, 1981.

From June to December, 1981, the remaining two-thirds of the quadrangle

was mapped during excursions, from one to three weeks in duration, on

foot or muleback into the remote areas of the quadrangle.
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PREVIOUS WORK

The iron deposit in the vicinity of the village of Agalteca was

exploited by colonial Spaniards four centuries ago according to the

Banco Central of Honduras. This may be true because a well preserved

colonial-style building, the "Horno Espanol", or Spanish Furnace (an

iron smelter?) is located near the deposit on the banks of the Rio Santa

Clara (684/958). The iron deposit has attracted the attention of pros

pectors and geologists over the years and was mapped by geologists of

the U.S. Geological Survey during World War II as part of an inventory

of strategic minerals in Central America (Roberts and Irving, 1957).

Roberts and Irving 's work was incorporated into Logan's (1983) map, and

is therefore assimilated in a generalized form into Plate I.

Honduras was little known geologically until the mid-1960 's when

a reconnaissance study of the Mesozoic stratigraphy was published by

Mills and others (1967) . Williams and McBirney (1969) published a recon

naissance study of the Tertiary volcanic rocks, and the first detailed

geologic quadrangle maps, produced by students of The University of Tex

as at Austin (Everett, 1970b; Dupre, 1971; and Fakundiny, 1971), were

published by the IGN in the early 1970 's. Since then, a number of qua

drangles have been mapped by representatives of various American univer

sities and by members of the United States Peace Corps (Figure 1; Table

1) . Four quadrangles were mapped by the Honduran government, based prin

cipally upon airphoto-interpretation (Figure 1; Table 2, numbers 22-25).

Reconnaissance geologic maps of 21 quadrangels in western Honduras (Fig

ure 1; Table 2) have been prepared by geologists of the United Nations
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(Anonymous, 1972), but remain unpublished. They are presumably on

open-file at the Instituto Geografico Nacional in Tegucigalpa.

Dissertations, theses and informal reports provide valuable

supplementary information for most of the mapped quadrangles (summa

rized in Tables 1 and 2) ; these are available from the authors or from

the universities which sponsored the studies and are on open file at

the Instituto Geografico Nacional in Tegucigalpa.

Important stratigraphic studies which have been published since

1970 include Home and others (1974), Fakundiny and Everett (1976), and

Finch (1981) . A stratigraphic framework for Honduras proposed by Wil

son (1974) and Wilson and Meyerhoff (1978) has not gained general accep

tance (Gose and others, 1978).

Only a few studies of the complex structural geology of Honduras

have appeared in the literature. Dengo (1968) and Dengo and Bohnen-

berger (1969) discussed the regional structure of northern Central Amer

ica, including Honduras. Home and others (1976) discussed the deforma-

tional fabric of pre-Cretaceous metamorphic rocks in northwest Honduras,

and Muehlberger (1976) described the late-Tertiary Honduras Depression

and related structures in central Honduras. Surprisingly, no attempt

has yet been made to compile a detailed description of the Late Creta

ceous to early Tertiary (Laramide) structural features of Honduras and

to relate them to the plate tectonic evolution of northern Central Amer

ica. This report offers some data and interpretations which may help to

fill that void.



REGIONAL GEOLOGIC FRAMEWORK

CRYSTALLINE BASEMENT BLOCKS

Northern Central America, including Guatemala, El Salvador,

Honduras and the northern part of Nicaragua, is underlain by continental

crust of Paleozoic and possibly Precambrian age (Weyl, 1980, p. 8).

Dengo (1969, p. 312) distinguished the crystalline basement north of the

Motagua Fault (the Maya block) from the basement south of the Motagua

Fault (the Chortis block, Figure 4) with the implication that the rocks

of the Maya block are generally of a higher metamorphic grade than the

rocks of the Chortis block. A review of the petrology and deformation

fabric of these rocks by Home and others (1976) emphasized the hetero

geneous nature of both basement suites and suggested that they may not

be fundamentally different. Lawrence (1976) studied metachert and

tholeiitic metabasalt of the El Tambor Formation which crop out in the

Chortis block just south of the Motagua fault in Guatemala. He assign

ed an Upper Cretaceous age to these rocks and interprets them as evi

dence for a Late Cretaceous suture between the Maya and Chortis blocks.

This hypothesis has been supported by Gose and others (1980) on the

basis of paleomagnetic evidence.

MORPHOTECTONIC UNITS

Following the example of Guzman and de Cserna (1963) in Mexico,

Mills and others (1967), Dengo and Bohnenberger (1969) and Weyl (1980)

defined tectonic provinces in Central America on the basis of surface

13



Figure 4. Basement blocks and plate tectonics. Swan transform slip-rate from

Sykes and others (1982) . Cocos/Caribbean convergence rate from Minster and

others (1974) ; azimuth of convergence from Molnar and Sykes (1969) . Loca

tion of volcanoes from Weyl (1980, Figure 38). Segment boundaries of the

Pacific Volcanic Chain from Stoiber and Carr (1974) . m
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morphology and internal structure. These provinces, referred to as

morphotectonic units, differ from physiographic provinces in that their

external relief is an expression of their internal structure and is not

simply an erosional surface which truncates internal structure. My dis

cussion of the morphotectonic units of northern Central America general

ly follows that of Dengo and Bohnenberger (1969), with modifications as

noted (Figure 5) .

Sierras of Northern Central America

Dengo and Bohnenberger (1969) described the Sierras of Northern

Central America as an arcuate range which trends northwest in southern

Mexico and western Guatemala, east-west in southern Guatemala, and

northeast in southeastern Guatemala and northern Honduras. They recog

nized three subdivisions of the Sierras of Northern Central America on

the basis of structural style and lithology including the northern, cen

tral and southern ranges which are separated by major faults.

Representatives of the central and southern ranges are found in

Honduras. The central ranges include the northeast-trending Merendon-

Espiritu Santo-Omoa mountain system, and the Cordillera Nombre de Dios,

which consist primarily of low to medium-grade Paleozoic metamorphic

rocks and Cretaceous ophiolitic rocks, intruded by Mesozoic stocks and

batholiths. The Bay Islands may represent the seaward extension of the

Merendon-Espiritu Santo-Omoa mountain system onto the Nicaragua Rise.

These ranges are bounded by the Motagua Fault to the northwest and by

the Jocotan-Chamelecon Fault to the southeast.



SIERRAS OF NORTHERN CENTRAL AMERICA

^
- SOUTHERN RANGES

CAftllBCAN COASTAL PLAIN

Figure 5. Morphotectonic units of northern Central America. Adapted from

Dengo and Bohnenberger (1969) and Mills and others (1967, Figure 2).

as
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The southern ranges comprise a large area east of the Cordillera

de Merendon and south of the Chamelecon and Aguan Faults which includes

virtually all of Honduras which has been mapped in detail, including

the Montana de Comayagua structural belt and the Agalteca quadrangle.

The southern ranges consist mostly of low-grade Paleozoic metamorphic

rocks locally overlain unconformably by Mesozoic sedimentary rocks and

Tertiary volcanic rocks, and intruded by Mesozoic stocks and batholiths.

Mills and others (1967) further subdivided the southern ranges

of the Sierras of Northern Central America of Dengo and Bohnenberger

(1969) into a central cordillera and a southern cordillera on the basis

of the thickness of the Mesozoic s'ediments and the extent of Tertiary

volcanic cover. They placed the boundary between the Sierras of Nor

thern Central America and the Tertiary Volcanic Ranges and Plateaus

farther south than Dengo and Bohnenberger, stating that the ignimbrite-

mantled ranges of their southern cordillera, which Dengo and Bohnen

berger included in the Tertiary Volcanic Ranges and Plateaus, have the

same "internal constitution", or structure, as Dengo and Bohnenberger 's

southern ranges. I prefer the southern boundary of the Sierras of Nor

thern Central America of Mills and others because it appears to have

more structural significance than that of Dengo and Bohnenberger. The

subdivision of the southern ranges of the Sierras of Northern Central

America into a central and southern cordillera is arbitrary, reflecting

a difference in the rate of erosion of the volcanic cover instead of

the underlying structure.

I find it useful to subdivide the southern ranges of Dengo and
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Bohnenberger (1969) into a western part of generally northwest-trending

mountain ranges and an eastern part of generally northeast-trending

mountain ranges. The western part consists of at least four subparal-

lel west-northwest to northwest-trending ranges (Figure 5). The Santa

Barbara-Meambar-Comayagua-San Juan mountain system is the geomorphic ex

pression of the Montana de Comayagua structural belt and occupies a cen

tral position among the northwest-trending mountains of the southern

ranges .

The eastern part of the southern -ranges consists of at least

four northeast-trending ranges (Figure 5). The boundary between the

northwest- and northeast-trending ranges appears to trend northwest

along the northeastern flank of the Pijol-La Flor-Misoco-Almendares

mountain system (the Yoro lineament of Muehlberger, 1976, Figure 1).

The significance of this abrupt structural boundary is not known.

Conspicuous geomorphic features within the Sierras of Northern

Central America are the narrow, linear valleys which parallel faults of

known left-lateral strike-slip displacement such as the Chixoy-Polochic

and Motagua faults of southern Guatemala (Plafker, 1976).

In Honduras, several linear valleys and narrow, elongate moun

tain ranges trend roughly parallel to the strike-slip faults in Guate

mala, and appear to be fault-controlled. These include the Chamelecon,

Ceiba, Aguan, and Guayape lineaments (Figure 6).

The genetic relationship of the Chamelecon lineament to left-

lateral strike-slip faulting has been suggested by the reconnaissance

mapping of Dengo and Bohnenberger (1969) and by Douglas Elliott of the



Figure 6. Detailed map of the Honduras Depression. Modified from Muehlberger (1976,
Figure 1) . Magnetic anomalies from Pinet (1971) .

^o
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United Nations Development Program (Anonymous, 1972). The relationship

of the other lineaments to faulting is not clear but they are presumed

to be major faults. An understanding of these structures is critical

to the understanding of the tectonic history of northern Central America.

Tertiary Volcanic Ranges and Plateaus

This morphotectonic unit is present in all of the countries of

northern Central America. Volcanic rocks grade in composition from

basalt to rhyolite, and extensive exposures of rhyolitic ignimbrite

form gently south- to southwest-dipping, deeply dissected plateaus prin

cipally in southern Honduras and Nicaragua (Williams and McBimey,

1969). Block-faulted mountain ranges in western Honduras which are

capped by Tertiary volcanics but cored by folded Mesozoic sedimentary

rocks are herein considered to be part of the Sierras of Northern Cen

tral America.

Pacific Volcanic Chain

A chain of Quaternary volcanoes of intermediate composition and

calc-alkaline affinity (Weyl, 1980, p. 235) more than 1000 km in length

trends northwest parallel to the Pacific coast of Guatemala, El Salva

dor, Honduras, and Nicaragua. The chain is parallel to the Middle

America Trench, to which it is genetically related (Molnar and Sykes,

1969), and is assocaited with the northwest-trending graben faults of

the Central Depression (Fosa Central) of El Salvador and the Nicaragua

Depression of Nicaragua, to which it may also be genetically related
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(Plafker, 1976). The volcanic chain is a spectacular geomorphic fea

ture composed of nearly 600 volcanoes, some of which attain heights of

4000 m above sea level, and many of which are active (Weyl, 1980).

Stoiber and Carr (1974) noted that the Pacific Volcanic Chain is

segmented (Figure 4) and consists of a series of short volcanic chains

which may be characterized by their distinctive types of eruption, by

the volume and chemistry of their magmas ,
and by the form and structure

of their vents. Segment boundaries are recognized by a change in strike

or an offset in the Pacific Volcanic Chain, and usually by the presence

of a large and complex volcanic edifice. Stoiber and Carr related the

segment boundaries to changes in the dip of the Benioff zone underlying

the arc. In their view, the segmentation of the volcanic chain mimics

the segmentation of the underlying Cocos Plate into discrete panels of

oceanic lithosphere which dip at various angles within the subduction

zone. The segment boundaries in the volcanic chain are "transverse"

faults which are the surface expression of the hinge faults (see Molnar

and Sykes, 1969, Figure 13) between lithospheric panels of differing

dip.

Structural Depressions

The complex overprint of structures in northern Central America

is cut by several distinct, though probably genetically related, graben

systems of Late Tertiary age. The principal graben systems include the

Central Depression of El Salvador, the Nicaragua Depression and the

Honduras Depression which intersect in the Gulf of Fonseca (Figure 5) .



22

The Central Depression

This feature, which is also called the Salvador Graben and the

Medial Trough by some authors, trends WNW in El Salvador from the Gulf

of Fonseca to the Guatemalan border (Weyl, 1980, p. 66). It is a half-

graben in places which is cut by numerous diagonal and transverse faults

and is obscured by volcanic cones and flows. According to Schulz

1965, cited in Weyl, 1980, p. 66), shallow-focus earthquakes are con

centrated along this structure in El Salvador.

The Nicaragua Depression

The Nicaragua Depression is a northwest-trending graben system

parallel to the Pacific Volcanic Chain and is continuous for 400 km from

the Gulf of Fonseca to northern Costa Rica. The complex bounding faults

of the graben system are the locus of many of the volcanoes of the Pa

cific Volcanic Chain (Weyl, 1980). Several authors, including McBimey

and Williams (1965) , consider the depression to have formed along the

crest of an arch of regional extent, parallel to the Middle America

Trench.

The Honduras Depression

The Honduras Depression consists of a discontinuous series of

north-trending normal faults and grabens approximately 300 km in length,

which crosses Honduras from the Pacific coast to the Caribbean coast.

The depression is commonly represented in the literature as a continuous

north- trending structure from the Gulf of Fonseca to the Caribbean, but
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its complexity is best shown by Muehlberger (1976, Figure 1) from which

Figure 6 is modified. Figure 7 shows in detail the structural features

of the Honduras Depression in central Honduras. The discussion which

follows utilizes Figures 6 and 7 extensively.

It is possible to divide the Honduras Depression into three

parts on the basis of the degree of development of graben structures,

and the width of the zone of extension. The boundaries between these

partitions correspond, in general, to the boundaries between the morpho

tectonic units and subunits defined above.

.
The southernmost part of the Honduras Depression has not been

studied in detail, but appears to consist of the Goascoran, San Buena

ventura and Choluteca normal faults which converge toward the Gulf of

Fonseca. Narrow, alluviated valleys, which may be half-grabens, are

associated with the northeast-trending San Buenaventura and Choluteca

faults. The north-trending Goascoran fault appears to be the southern

extension of the fault which forms the eastern boundary of the Comayagua

graben to the north. The southern part of the Honduras Depression ter

minates along the northwest-trending Otoro-Lepaterique lineament.

The central part of the depression is a wide, rhomboid-shaped

area bounded by the Otoro-Lepaterique lineament to the south, and by the

Potrerillos-Porvenir lineament to the north. Both lineaments trend

northwest. The western boundary of the central part of the depression

is defined by the Otoro-Santa Barbara-Sula graben system, and the east

ern boundary is the north-trending bounding fault of the Talanga-Siria

graben system. The Comayagua-Espino graben system separates the high-
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lands within this rhomboid into two horst blocks. To the west is the

Siguatepeque block, which includes the Cordillera Montecillos, the

Siguatepeque Plateau and Cerro Azul Meambar (Cerro de Yure) . To the

east is the Tegucigalpa block, which includes the Montana Yerba Buena,

the Amarateca Valley, the Montana de Comayagua and the San Juancito

uplift, and the highlands between the villages of La Libertad and

Esquias .

Major folds within the uplifted blocks generally trend north

west. To a first approximation, the structures within the central part

of the Honduras Depression appear to be the products of northeast-

southwest compression followed by east-west extension. All of the

northwest-trending structures are parallel to the Nicaragua Depression,

the Pacific Volcanic Chain and the Middle America Trench.

The northern part of the Honduras Depression includes the nar

row Sula Graben which trends north from the vicinity of Lake Yojoa to

the Caribbean coast (Zuniga, 1975). Two small grabens, the El Negrito

and Morazan grabens, run parallel to the Sula Graben and lie east of

it. The northern part of the Sula Graben appears to truncate the north

west-trending Chamelecon Fault, and probably continues offshore onto

the continental shelf where it is truncated by the east-northeast-

trending structures of the Cayman Trough.

Quaternary basaltic volcanism is associated with the Honduras

Depression. A large volcanic field is present in the vicinity of

Tegucigalpa, and a smaller field is located at the northern end of Lake

Yojoa. In both cases the volcanic vents are controlled by northwest
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and northeast-trending faults (Williams and McBirney, 1969). The mag

mas of the Tegucigalpa field are tholeiitic hawaiites and tholeiitic

mugearites, and the magmas of the Yojo'a field are alkali olivine

hawaiites (Weyl, 1980, p. 220, classification scheme of Rittman/

Streckeisen) . The volcanic rocks of the Yojoa field are discussed in

detail by Mertzman (1976) .

Williams and McBimey (1969, p. 76-77, Figure 5) noted several

circular or semicircular mountains in Honduras which they speculated

may be magmatic uplifts. One of these, the Cerro Azul Meambar (Cerro

de Yure) is located just east of Lake Yojoa. Donald Curran of The

State University of New York at Binghamton (personal communication,

1982) described a similar uplift, the Cerro Verde "dome", at the

northern end of the Cordillera de Montecillos in the Siguatepeque and

Jesus de Otoro quadrangles.

A similar feature is present in the western part of the Cedros

and eastern part of the Vallecillo quadrangles. This feature is re

ferred to as the Cedros "dome". It is nearly circular in shape and has

a well developed radial drainage pattern around it. The dome appears

to be a rather gentle upbowing which separates the Talanga and Porvenir

grabens, and may be a magmatic uplift within what was once a much larg

er rhomb-shaped graben. The dome is cored by folded Mesozoic sediments

and intruded by a basic to intermediate stock. Along the south flank

are flows of Tertiary andesite, basalt and andesite porphyry. Overly

ing the mafic and intermediate lavas and covering most of the dome is a

thick sheet of ignimbrite which, in general, dips radially away from the



center of the dome. Thus the doming postdates deposition of the ig

nimbrite.

The vents of Quaternary basalt and the suspected magmatic up

lifts in central Honduras occur on or near two of the apparent axes of

extension of the Honduras Depression. One of these axes trends north

from Choluteca to Tegucigalpa within the southern part of the Honduras

Depression, and is best defined by the parallel, north-trending chains

of volcanoes which are shown in the vicinity of San Buenaventura on the

geologic map of Honduras (Elvir, 1974). The other axis of extension

trends north from the Yojo'a volcanic field and is defined by the bound

ing faults of the Sula Graben. These two axes of east-west extension

are offset, apparently left-laterally, by the northwest- trending struc

tures in the central part of the Honduras Depression. These northwest-

trending structures include the Montana de Comayagua structural belt.

The genetic relationship of these transverse structures to the Honduras

Depression will be discussed in a later section.

PLATE TECTONICS

The concepts of plate tectonics have been applied to the Carib

bean region, notably by Molnar and Sykes (1969) ,
Malfait and Dinkelman

(1972), Stoiber and Carr (1974), Jordan (1975), Bowin (1976), and

Plafker (1976) . It is generally accepted that the Caribbean basin and

Central American landmass comprise a single lithospheric plate which is

interacting along a complex series of transform and convergent plate

boundaries with the North American, South American and Cocos Plates,
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and a number of small independent blocks in northern South America.

Northern Central America forms the western tip of the Caribbean Plate

which appears to be pinned between the convergent margin with the Cocos

Plate and the transform margin with the North American Plate (Malfait

and Dinkelman, 1972; Figure 4).

Caribbean Transform Margin

The northern boundary between the Caribbean and North American

Plates is a left-lateral transform fault which trends generally east-

west from the West Indies island-arc to Guatemala. A segment of this

transform fault, the Swan Transform, trends west along the axis of the

Cayman Trough from the Mid-Cayman Rise to the Gulf of Honduras. The

left-lateral strike-slip nature of this fault was determined by Molnar

and Sykes (1969) by a study of the seismicity and focal mechanisms of

earthquakes in that area. Along strike to the west in Guatemala,

Plafker (1976) documented left-lateral strike-slip displacement of

surface ruptures related to the February 1976 earthquake on the Motagua

fault .

Pacific Convergent Margin

The Middle America Trench is the site of active subduction of

the Cocos Plate beneath the Caribbean Plate. A northeast-dipping Beni

off zone is well defined by the hypocenters of shallow and intermediate

depth earthquakes, and focal plane solutions are consistent with a sub

duction mechanism (Molnar and Sykes, 1969). The Middle America Trench
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and the parallel Pacific Volcanic Chain comprise a typical trench-arc

association producing intermediate calc-alkalic magmas which are

genetically related to subduction (Weyl, 1980, p. 11, 235).



STRATIGRAPHY AND PETROGRAPHY

GENERAL STATEMENT

A metamorphic basement of Paleozoic metasedimentary and meta-

igneous rocks is multiply deformed and unconformably overlain by a

thick sequence of Mesozoic sedimentary rocks. The Mesozoic rocks are

unconformably overlain by Tertiary volcanic rocks and intruded by ig

neous rocks of several ages.

The areal extent of these units in the Agalteca quadrangle is

shown in the geologic map (Plate I) . Subsurface structure within the

Agalteca quadrangle is interpreted in Plate II. The regional extent of

these units is shown in the geologic map of central Honduras (Plate

III).

Sedimentary rocks are classified according to Folk (1974) ,

excepting mudrocks, which are classified according to Lundegard and

Samuels (1980) . Igneous rocks are classified accroding to Streckeisen

(1967) , except for pyroclastic rocks which are classified according to

Cook (1965). These classification schemes are summarized in Appendix I.

METAMORPHIC ROCKS

The oldest rocks exposed in central Honduras are metamorphic

rocks which crop out in three subparallel, roughly N60W-trending struc

tural highs (Plate III).

The southernmost of these exposures occurs in the San Juancito

30
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Mountains in the San Juan de Flores quadrangle, where Carpenter (1954)

described graphite and sericite schist and minor metaquartzite of the

Peten Formation.

The central belt of metamorphic rocks is exposed in the Mon-

tafias de Comayagua in the El Rosario, Vallecillo and Comayagua quad-

angles (Fakundiny, 1970; Everett, 1970a), and in the Talanga quad-

angle (King, 1972b). Fakundiny (1970) defined the Cacaguapa Schist in

the El Rosario quadrangle as a heterogeneous assemblage of mylonitized

metaconglomerate and metaigneous rocks (the Humuya member) , and phyl-

lite, schist, marble and metaquartzite (the Las Marias member), of

greenschist to lower amphibolite facies. The Las Marias member is

areally more extensive than the Humuya member. King (1972b, p. 3)

noted that the Cacaguapa Schist in the Talanga quadrangle is composed

mostly of sericite phyllite and muscovite schist.

The northernmost and most extensive outcrop belt of metamorphic

rock occurs in the Minas de Oro, El Porvenir and Cedros quadrangles.

Atwood' s (1972, p. 23) description of the Cacaguapa Schist in the Minas

de Oro quadrangle includes phyllite, chlorite schist, metaconglomerate

and a metamorphosed felsic pluton. Simonson (1977) described six mem

bers of the Cacaguapa Schist in the El Porvenir quadrangle including

phyllite, garnet schist, marble and three metaintrusive gneissic mem

bers. King (1972b, p. 32) described the Cacaguapa Schist in the Cedros

quadrangle as consisting of predominantly quartz-muscovite schist and

phyllite with minor graphitic and chloritic schist and some augen

gneiss.
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No estimates of the thickness of these rocks are available be

cause a lower contact is not exposed and because the rocks are exten

sively folded.

The age of the metamorphic rocks in Central Honduras is known

with certainty only to be older than the Mesozoic sedimentary rocks

which overlie them. Fakundiny (1970, p. 36) noted that the Las Marias

member of the Cacaguapa Schist is lithologically very similar to, and

probably correlative with, the Peten Formation which is unconformably

overlain by the El Plan Formation in the San Juancito Mountains (Car

penter, 1954). The El Plan Formation has long been considered to be of

Late Triassic (Newberry, 1888) to Jurassic (Knowlton, 1918) age on the

basis of Rhaetic fern fossils, although some confusion exists regarding

the stratigraphic horizon from which the fossils were collected (Finch,

1981, p. 1322-1323). Simonson (1977, p. 37) cited poorly preserved

skeletal algae fossils in marble in the El Porvenir quadrangle as evi

dence that at least some of the metamorphic rocks there are Phanerozoic

in age. Most workers assume a Paleozoic age for the Cacaguapa Schist

and correlative metamorphic rocks in central Honduras. Everett (1970a,

p. 7 and 9) discussed several alternative interpretations of the age of

the Cacaguapa Schist, and of its correlation with units outside of cen

tral Honduras.

The Cacaguapa Schist is not exposed in the Agalteca quadrangle,

but it is thought to unconformably underlie the Mesozoic sedimentary

rocks.
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MESOZOIC SEDIMENTARY ROCKS

General Statement

The stratigraphic columns for Honduras of several authors are

shown in Figure 8. The stratigraphy of Finch (1981), with minor modi

fications, is used for the Mesozoic sedimentary rocks. These include

the Todos Santos Formation conglomerate, the Atima Formation limestone

and the Valle de Angeles Group red siliciclastics which have an inter

calated limestone, the Esquias Formation. These formations appear to

be conformable and represent alternations between continental and shal

low marine deposition from the Late Jurassic to the Late Cretaceous.

Todos Santos Formation

The oldest sedimentary rock unit exposed in the Agalteca quad-

angle is the Todos Santos Formation. The formation is predominantly a

pebble conglomerate and includes boulder conglomerate, minor sandstone

and siltstone. Excellent, though incomplete, exposures of the unit are

present on Cerro Tenistepe (710-935).

General Appearance

Fresh outcrops of Todos Santos pebble conglomerate are light-

greenish-gray to grayish-brown in color. Deeply weathered outcrops

have a characteristic light-yellowish-brown color where metamorphic

clasts have been weathered to clay, and are typically spotted with

white unweathered quartz pebbles.



Figure 8. Comparison of stratigraphic nomenclature for central Honduras.
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Stratification is poorly developed in the Todos Santos Forma

tion, except in the silts tone and rare sandstone beds in the pebble

conglomerate, where horizontal stratification is well developed. Local

ly the imbrication of the abundant phyllite and schist fragments de

fines a crude stratification in the pebble conglomerate. No stratifi

cation or imbrication is present in the boulder conglomerate. The Todos

Santos Formation is highly fractured. The fractures are probably re

lated to regional folding and faulting.

The Todos Santos Formation forms steep and craggy slopes and

cliffs, deeply eroded gullies, and narrow, precipitous ridges in ex

posures of fresh rock. Where the rock is deeply weathered a more gentle

topography is seen. The deep, well-drained soil which forms on sub

strates of Todos Santos Formation is infertile due to a low organic

content and poor moisture retention (Miegs, 1981). This soil supports

a distinctive floral community of low diversity dominated by a single

species of pine, Pinus oocarpa, locally called "ocote".

Contacts

The lower contact of the Todos Santos Formation is not exposed

in the Agalteca quadrangle, but the formation is believed to unconform

ably overlie metamorphic rocks of the Cacaguapa Schist because an un

conformable relationship is observed between these units in the adja

cent El Rosario and Talanga quadrangles (Fakundiny, 1970; King, 1972b).

The upper contact with
the overlying Atima Formation shows no apparent

angular discordance and is probably conformable.
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Distribution and Thickness

The Todos Santos Formation crops out in a northwest-trending

belt which is less than one km wide in the vicinity of Cerro Tenistepe,

and which widens to a maximum width of approximately four km at Las

Delicias (590/010) . This belt continues along strike into the south

west part of the Vallecillo quadrangle. Isolated exposures of the Todos

Santos Formation occur near El Arenal (593/940) , near La Puerta (560/

954) and in the vicinity of Rio Blanco (470/003). In general, the out

crop belt is bounded on the southwest by the Santa Maria fault and on

the northeast by a series of high-angle reverse faults and thrust

faults. The Todos Santos Formation structurally overlies younger rocks

at many places in the Agalteca quadrangle.

The thickness of the Todos Santos Formation is unknown in the

map area because of complex faulting and because the base of the unit

is not exposed. The lowest stratigraphic level in the vicinity of

Cerro Tenistepe exposes pebble conglomerate at the contact with the

Santa Maria fault at 699/938. Beginning at a slightly higher strati

graphic level, a reference stratigraphic section was measured on Cerro

Tenistepe through the Todos Santos Formation (Measured Sections A-A1

and B-B', Appendix II). Measured Section A-A' documents 350 m of un-

faulted section. This represents a minimum thickness for the Todos

Santos Formation. Interpretive cross-sections through structurally com

plex areas in the quadrangle (Plate II) suggest a maximum thickness of

1 000 to 1,500 m for the formation. Variations in thickness are due,

in part, to structural thickening in hinge areas of folds and in part
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to basin geometry.

Lithology

Pebble conglomerate comprises the bulk of the Todos Santos

Formation in the Agalteca quadrangle. The typical sample is a granular

pebble conglomerate: slightly siliceous submature phyllarenite. In

hand specimen clasts include abundant dark greenish-gray phyllite and

low-rank schist fragments and milky white quartz pebbles (Plate IVa) .

In thin section, 75 to 90% of the grains are lithic fragments which,

in order of decreasing abundance, include sericite phyllite, muscovite

schist, metaquartzite, metasiltstone, chert and marble. Quartz grains

generally comprise less than 25% of the rock. These include, in order

of decreasing abundance, vein quartz, which contains abundant vacuoles

and rare inclusions of vermicular chlorite; recrystallized metamorphic

quartz, which generally contains 10 or more subgrains; and stretched

metamorphic quartz, which generally contains numerous subgrains with

sutured boundaries. Common, or igneous, quartz is locally abundant and

is generally strongly undulose, which may be due to deformation of the

rock by compaction. Other grains include minor plagioclase and rare

microcline and untwinned feldspar, probably orthoclase. Accessory

minerals include detrital muscovite and epidote. Clay rims coat some

grains, and minor chert and megaquartz cement are present. Compaction

of grains is advanced, as evidenced by the deformation of detrital

mica grains, the flow of incompetent grains into pore spaces, and by

the pressure solution of adjacent quartz grains which have sutured
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PLATE IV

TODOS SANTOS FORMATION

A. Pebble conglomerate of the Todos Santos Formation

on the Montana de Santa Maria at 662/959. Light
colored quartz pebbles weather out of the darker

matrix of labile lithic fragments. Poorly-developed

bedding (parallel to the hammer handle) is defined

by the imbrication of pebbles. Hammer handle is

25 cm long.

B. Boulder conglomerate of the Todos Santos formation

on the Montana de Santa Maria at 667/965. The

angular, dark colored boulder to the left of" the

hammer is sericite schist. The well-rounded boul

der to the right of the hammer is metaquartzite.
The conglomerate is matrix-supported and structure

less. Hammer handle is 25 cm long.

C. Siltstone of the Todos Santos Formation exposed in

the creekbed of the Rio Moncadita at 699/940v Fine

ly laminated green siltstone and pebble conglomerate
comprise laterally continuous sedimentary packages
3 to 5 cm thick, which may have been deposited as

lacustrine turbidites.

D. Contact between the Todos Santos pebble conglomerate
(lower left) and the Atima limestone (upper right)
on Cerro El Ingenio at 691/947. The contact is con

formable and sharp. Clipboard is 32 cm in length.
View is to the northwest.
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PLATE IV

TODOS SANTOS FM
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boundaries instead of point contacts. Primary porosity is visually

estimated at 7 to 10%. Pebbles are generally subangular, although some

well-rounded pebbles are present. The conglomerate is moderately well

sorted, and clasts range in size from 2 to 16 mm with an average of

approximately 6 mm in the long dimension.

The Todos Santos Formation pebble conglomerate is lithologic-

ally very homogeneous in the Agalteca quadrangle. The only significant

variations which were noted include plagioclase-rich pebble conglomerate

on Cerro El Pozo (628/012) , and pebble conglomerate with a red silt ma

trix near Rio Blanco (473/998) .

Minor amounts of boulder conglomerate are intercalated with

the pebble conglomerate at various stratigraphic levels (Plate IVb) .

The boulder deposits are from 2 to 4 m thick where exposed on 'Cerro

Tenistepe. The lateral extent of these deposits is not known. At a

good exposure in the unnamed quebrada near Poza del Tigre (704/939) ,

the conglomerate consists of cobbles and boulders of low rank metasedi-

mentary rocks including lightly metamorphosed siltstone and sandstone

and crenulated sericite schist. Clasts in the boulder conglomerate are

subangular to subrounded and, in general, range from 10 to 30 cm in the

long dimension, but boulders as large as one meter in maximum dimen

sion are observed. Sorting is extremely poor, and the boulder conglom

erate is matrix supported.

Other localities at which the boulder conglomerate is exposed

include Cerro Santo Tomas (673/946 and 662/957), Cerro El Capiro (615/

999) , and Montana El Boqueron (548/018) . An exposure near Las Vegas
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(521/014) contains gabbro or diorite cobbles which do not appear to be

metamorphosed in hand specimen, but which were not examined in thin

section.

The typical Todos Santos Formation sandstone is a coarse- to

medium-grained sandstone: slightly siliceous submature phyllarenite.

This sandstone is petrographically very similar to the pebble conglom

erate in its mineralogical and textural immaturity. Sorting and round

ing of grains is slightly better than in the pebble conglomerate and

primary porosity is visually estimated at 5 to 7%. Megaquartz and chert

cement are present but do not fill pore spaces. Sandstone beds and len

ses are present in the Cerro Tenistepe section and are well exposed in

the vicinity of El Caliche Rabon (636/987).

A siltstone interval at least 60 m thick is well exposed in

the Cerro Tenistepe section and includes tan to brown colored sandy,

laminated siltstone, green clayey siltstone with contorted laminations,

some of which is pebbly, and dark gray finely laminated calcareous silt

stone (Plate IVc) . The lateral extent of this unit is not known. Iso

lated exposures of similar rocks are present on the Montana El Boqueron

at 532/010, where green to gray laminated siltstone is intercalated

with pebble conglomerate. On the banks of the Rio Zinguizapa at 606/

970, tan to yellow colored siltstone occurs near the fault contact be

tween strata of the Todos Santos Formation and the Valle de Angeles

Group, and may belong to either unit.
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Depositional Environment

The environment of deposition of the Todos Santos Formation is

continental. The pebble conglomerate, boulder conglomerate and silt

stone correspond to three sedimentary facies which, according to Miall

(1977) and Rust (1979), are typical of alluvial fans (Figure 9). The

alternation between coarse and fine grained deposits, or proximal and

distal facies, may be due to changes in relief caused by episodic tec

tonic activity or to fluctuations in the intensity of precipitation.

The abundance of coarse grained deposits containing angular, and in

some cases very large, unstable clasts indicates close proximity to

the source area. All of the clasts observed could conceivably have

been derived from the Cacaguapa Schist. The thickness of the formation

in the Agalteca quadrangle and the lack of reworking of the clasts sug

gest that the Todos Santos Formation was deposited in a tectonically

active, rapidly subsiding, fault-bounded basin. The geometry of this

basin, and the orientation of the bounding faults are unknown.

Age

The age of the Todos Santos Formation is constrained by palyno

logical data and by stratigraphic position. Richard P. Curry (ARCO Re

search and Development, Piano, Texas, written communication, 1982)

identified a single palynomorph from the siltstone facies of the Todos

Santos Formation as Appendicisporites cf . spinosus Pocock, 1964 (Sample

AG-292B, Appendix III) which he assigned an early Cretaceous age.



6mi BOULDER CONGLOMERATE FACIES; MUDDY MATRIX- SUPPORTED CONGLOMERATE

LACKING IMBRICATION AND INTERNAL STRATIFICATION.

Gm PEBBLE CONGLOMERATE FACIES; HORIZONTALLY- STRATIFIED, CLAST-

SUPPORTED, IMBRICATED CONGLOMERATE.

CACAGUAPA SCHIST P

Figure 9. Alluvial fan facies model for the Todos Santos Formation. Modified

from Rust (1979, Figure 3 and Table 1).
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The overlying Atima Formation contains an Aptian-Albian micro-

fauna in the Agalteca quadrangle and Neocomian ammonites occur in lower

Atima strata in an adjacent quadrangle (see discussion of Atima Forma

tion, below). Because the base of the Todos Santos Formation is not

exposed in the Agalteca quadrangle, the lower age limit is unknown and

could extend into the Jurassic. However, the age of the Todos Santos

Formation in the Agalteca quadrangle is considered to be Early Creta

ceous, specifically Neocomian.

Correlation

The Todos Santos Formation of the Agalteca quadrangle is cor

related with strata of the same name mapped in the El Rosario and

Comayagua quadrangles, as revised by Fakundiny and Everett (1976), and

in the Talanga and Cedros (King, 1972b) and Minas de Oro (Atwood,

1972) quadrangles. Simonson (1977) mapped strata which are probably

equivalent to the Todos Santos Formation which he informally called the

Basal Siliciclastic unit in the El Porvenir quadrangle. Finch (1972)

and Curran (1981b) mapped Todos Santos strata in the San Pedro Zacapa

and Taulabe quadrangles, respectively, which are probably equivalent

to the Todos Santos strata in the Agalteca quadrangle.

The Todos Santos Formation was named by Sapper (1894, cited by

Clemons and others, 1974) in western Guatemala, and its usage was ex

tended to Honduras by Mills and others (1967) before the Chixoy-

Polochic-Motagua fault system was recognized as a major lithospheric

plate boundary with significant left-lateral displacement (Molnar and
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Sykes, 1969; Plafker, 1976; etc.). Finch (1981, p. 1323) considered

the advantages of redefining the Todos Santos Formation of Honduras

and southeastern Guatemala in order to distinguish it from the type

Todos Santos, and cited paleomagnetic evidence (Gose and Finch, in

press; Gose and Swartz, 1977) which implies that these strata were

deposited on different lithospheric plates. A redefinition of the

unit in Honduras is desirable but will not be possible until a complete

section is located and described.

Atima Formation

The Atima Formation consists of thick- to thin-bedded micritic

limestone and dolomite and includes a mappable shale member. The shale

member divides the "Atima into lower and upper limestone units. The

shale member is discussed at the end of this section.

General Appearance

The Atima limestone is variable in lithology. The bulk of the

formation is a light to dark bluish-gray, massive to laminated micritic

limestone which weathers light gray. Macrofossils are locally abundant

forming a pelecypod-gastropod coquina in places. White nodular chert

occurs at various stratigraphic horizons and appears to be associated

with dolomite. Dolomite is generally dark gray and granular and is

locally stained reddish-orange.

Planar bedding is well developed in the Atima limestone, in

cluding thick-bedded (0.3-3.0 m) , massive to laminated limestone, thin-
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bedded (2-4 cm) laminated limestone and very thin-bedded (less than

1.0 cm) shaly limestone. Bioturbation is present, especially in the

thick beds, and may have obliterated other sedimentary structures.

Joints related to folding are well developed, and in areas of

poor outcrop may be mistaken for bedding in thick-bedded, massive lime

stone. Fracturing and brecciation of limestones is extensive, especial

ly near the numerous faults.

The Atima limestone forms steep, jagged ridges and peaks es

pecially where it is steeply dipping. An example of this is the lime

stone trend from Cerro Tenistepe (710/945) to Cerro Caliche Rabon (650/

980) . In the vicinity of Rio Blanco (490/005) ,
kink-folded Atima lime

stone forms a dip-slope in which the topography mimics the structure;

anticlines form ridges and synclines form valleys. Where the Atima is

shallowly dipping it exhibits well developed solution features including

internal drainage and sink holes. Solution cavities are best developed

in the massive, thick-bedded limestones typical of the lower Atima For

mation, and caverns form preferentially along joint planes.

The Atima limestone forms a rich soil which is preferentially

exploited for agricultural purposes and which gives rise to a varied

flora where it is not under cultivation.

Contacts

The contact with the underlying Todos Santos Formation is sharp

in some places and gradational in other places. At 691/947 on Cerro El

Ingenio there is a sharp contact between Todos Santos pebble conglomer-
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ate and thick-bedded, massive limestone of the lower Atima Formation

(Plate IVd) . At 711/942 on Cerro Tenistepe the contact is gradational;

Todos Santos pebble conglomerate is overlain by well-rounded, reworked

pebble conglomerate which contains abundant limestone intraclasts and

is calcite cemented. This basal transgressive conglomerate grades up

ward into massive, thick-bedded limestone. No angular discordance be

tween the two formations is noted, and the contact appears to be con

formable.

The upper contact between the Atima Formation and Valle de

Angeles Group was not examined in detail in the field. It is not ex

posed in any of the measured sections. Where it is best, though poorly

exposed in the vicinity of Rio Blanco (488/000) ,
and at El Higuero

(482/984) , there is no obvious evidence of erosion or angular discord

ance.

Distribution and Thickness

The Atima Formation crops out extensively along the northeast

flank of the main outcrop belt of the Todos Santos Formation. North

east-dipping Atima limestone caps a series of hills from Cerro Tenistepe

(710/945) to Cerro Caliche Rabon (650/980). Silicified Atima limestone

crops out in grid square 68/98 in the vicinity of the iron-mineralized

intrusive complex. Roberts and Irving (1957) mapped this outcrop as

Paleozoic quartzite. Between La Vereda (600/990) and Trinidad de Que-

bradas (625/025) , a stratigraphic section including the Atima Formation

is repeated by a series of high-angle reverse faults and thrust faults.
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Between 652/997, near Zinguizapa, and 630/011, on Cerro El Pozo, a

series of fault blocks of limestone, probably Atima, occurs along the

thrust contact between the Todos Santos Formation and Valle de Angeles

Group .

To the southwest of the main outcrop belt of the Todos Santos

Formation, elongate slivers of Atima limestone are present along the

Santa Maria fault on Cerro Tenistepe (710/934), on Cerro Piedra Rodada

(685/936), near Nocoro (570/990 and 560/995) and in the vicinity of Las

Vegas (512/018) . A sinuous and discontinuous exposure of Atima lime

stone uplifted by a high-angle reverse fault trends northwest to west

subparallel to the Santa Maria fault, from the village of Santa Maria

(655/940) to El Agua Escondida (500/990). Another series of generally

elongate outcrops occurs along the El Higuero fault in the vicinity of

El Arenal (595/942 and 600/950), in the vicinity of La Puerta (565/955

and 555/950), and in the vicinity of Cerro La Laguna (535/950). Exten

sive outcrop of the Atima Formation is present in the vicinity of Rio

Blanco (495/005) and west of El Higuero (470/990).

The total thickness of the Atima Formation in the Agalteca

quadrangle is not known. The reference stratigraphic section on Cerro

Tenistepe (Measured Sections B-B' and C-C', Appendix II) records 375 m

of unfaulted Atima Formation, but the top of the formation is not ex

posed. Logan (1983) measured over 600 m of Atima Formation in a faulted

section on Cerro Caliche Rabon, but it is not known how much of the

section is repeated by faults. I have used an estimate of 400 m for the

thickness of the Atima in the structure sections (Plate II) .
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Lithology and Paleontology

The Atima limestone is a micritic, algal- rich limestone. Rock

types range from fossiliferous micrite to poorly-washed biosparite, and

sparse to packed biomicrite is the dominant lithology. A variety of

fossil types comprise generally much less than 50% of the rock and are

discussed separately, below. Pellets are uncommon and ooids are rare

constituents in these rocks. Quartz sand grains are present in small

amounts at several stratigraphic horizons.

A detailed study was made of the Atima Formation exposed in the

Cerro Tenistepe section (Measured Sections B-B' and C-C, Appendix II).

The base of the formation consists of 22 m of granule to pebble conglom

erate: mature calcitic quartzarenite to subphyllarenite, reworked from

the underlying Todos Santos Formation, which contains carbonate intra-

clasts. Overlying the conglomerate is a 200 m thick section of massive,

thick-bedded, dark gray fossiliferous micrite which grades upward into

finely- laminated dark gray micrite (Plate Va) . This zone contains nod

ular and bedded chert (Plate Vb) ,
is locally bioturbated (Plate Vc) ,

and is preferentially dolomitized. Directly overlying this zone is the

shale member which consists of 24 m of tan to yellow colored clayshale

and rust-red laminated siltstone (Plate Vd) . The shale member is over

lain by 200 m of limestone. This limestone consists of several se

quences which, in general, comprise a basal calcarenite or calcirudite

bed overlain by very thin-bedded, fissile, dark gray micrite which is

overlain by massive to finely laminated, locally bioturbated, sparse to

packed biomicrite. The upper unit of each sequence is preferentially
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PLATE V

ATIMA FORMATION

A. Algal laminations in micritic limestone of the lower

Atima Formation, stratigraphically just below the

shale member of the Atima Formation, on Cerro El

Ingenio at 696/955. Hammer head is 17 cm across.

B. Bedded and nodular white colored chert in micritic

limestone of the lower Atima Formation, stratigraph

ically just below the shale member of the Atima Forma

tion, on Cerro Tenistepe at 712/945. Hammer handle is

25 cm long.

C. Bioturbated micritic limestone of the lower Atima

Formation at the contact with the shale member of the

Atima Formation on Cerro Tenistepe at 711/946. Hammer

handle is 25 cm long.

D. View to the northwest of the shale member of the

Atima Formation (Kas) and the upper Atima limestone

(Ka) on Cerro Tenistepe (713/944).. The Atima Forma

tion dips moderately to the northeast (right) . Pine

trees in the center of the photograph are approximate

ly 20 m tall. At this locality the shale member of

the Atima Formation is 24 m thick (Measured Section

C-C, Appendix II) .
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PLATE V

ATIMA FORMATION
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dolomitized and locally replaced by chert. The top of the Atima Forma

tion is not exposed on Cerro Tenistepe.

Samples of Atima limestone were collected from many localities

in the Agalteca quadrangle and shipped to Amoco Production Company,

Houston, Texas for paleontological analysis, and a report is in progress.

In my own petrographic examination of samples from the Cerro Tenistepe

section, I have identified mollusk and echinoid fragments, ostracods,

foraminifera, and abundant blue-green algae. Gastropod and pelecypod

macrofossils were identified in the field. No biohermal buildups were

recognized.

Depositional Environment

The environment of deposition of the Atima Formation is shallow

marine. According to James (1979), evenly bedded, laterally persistent

shelf and platform carbonate deposits are characteristically composed of

a series of upward-shallowing sequences (Figure 10). The ideal upward-

shallowing sequence consists of a transgressive intraclast-rich carbon

ate sandstone or conglomerate (division A) deposited in a surf zone,

overlain by fossiliferous micritic limestone (division B) deposited in

a lagoonal or subtidal environment,
overlain by stromatolitic, mud-

cracked, finely laminated (cryptalgal) limestone or dolomite (division

C) deposited in an intertidal environment, overlain by well- laminated

limestone or dolomite and flat-pebble breccia (division D) deposited in

a supratidal environment, overlain by shale or calcrete (division E)

which is deposited in a terrestrial environment. These sequences are



I DEAL SEQUENCE

TERRESTRIAL

SUPRATIDAL D

INTERTIDAL C

SUBTIDAL;
OPEN MARINE Q
OR LA800N

SURF ZONE A.

MODIF IED

SHALE OR CALCRETE (OFTEN ABSENT)

WELL-LAMINATED DOLOMITE OR LIMESTONE,

OR FLAT-PEBBLE BRECCIA

STROMATOLITIC, MUDCRACKED, CRYPTALOAL

LIMESTONE OR DOLOMITE

FOSSILIFEROUS LIMESTONE (BIOMICRITE)

LITHOCLAST-RICH LIME CONOLOMERATE OR SANDSTONE

FROM JAMES (I97, FIOURE t),

OBSERVED SEQUENCE ( LOWER Ka, M.S. B-B', C- C )

TERRESTRIAL

INTERTIOAL

SUBTIOAL;

LAGOONAL

SURF ZONE

FINE-ORAINED REO SANDSTONE, SILTSTONE

AND CLAY SHALE

CRYPTALOAL LAMINATED, LOCALLY BIOTURBATED

AND CHERTY LIMESTONE AND DOLOMITE

FOSSILIFEROUS LIMESTONE ( MICRITE AND BIOMICRITE )

CARBONATE INTRACLAST-RICH, WELL-ROUNDED PHYLL-

ARENITE REWORKED FROM TODOS SANTOS FM.

FACIES D IS ABSENT, OR WAS NOT RECOGNIZED IN THE FIELD.

Figure 10. Shallowing-upward facies model for the Atima Formation,
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commonly stacked, and one or more of the divisions may be missing from

any given sequence.

The lower part of the Atima Formation on Cerro Tenistepe ap

pears to comprise a shallowing-upward sequence like those described by

James (1979). The A and B divisions are represented by the basal con

glomerate and massive, fossiliferous micrite, respectively. The C

division is represented by the dolomitized, cherty horizons which have

some fine laminations, probably related to stromatolite growth, but

which are elsewhere bioturbated. No mud cracks or flat-pebble breccia

(division D) were recognized in the Cerro Tenistepe section. The E

division is represented by the shale member of the Atima Formation. At

least 3 similar shallowing-upward sequences, each lacking the terres

trial E division are present in the upper Atima Formation on Cerro

Tenistepe.

James (1979) stated that the shallowing-upward sequences form

because the rate of carbonate sedimentation is greater than the rate of

subsidence of a shelf or platform. The presence of stacked sequences

implies episodic increases in eustatic sea level, or episodic down-

dropping of the shelf along a tectonically active basin margin. The

stacked shallowing-upward sequences may indicate tectonic activity in

what is generally considered to be a time of quiescence.

Age and Correlation

The Atima Formation contains an Apt ian-Albian calpionellid

(tintinnid) fauna in the Agalteca quadrangle (R. J. White, Amoco Pro

duction Company, Houston, Texas; written communication, 1982). A
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summary of the pertinent paleontological data is contained in Appendix

III. A study of possibly age-diagnostic foraminifera by Amoco is still

in progress.

Keith Young (The University of Texas at Austin; personal com

munication, 1982) has determined a Neocomian, possibly Valanginian, age

for ammonites collected in the Talanga and Cedros quadrangles by Allen

P. King (samples WSA-16311 through WSA-16315; Appendix III). A Neo

comian through Albian age for the Atima Formation is probable and is in

agreement with the age determinations by Mills and others (1967) as

clarified by Finch (1981).

The Atima Formation was formally defined by Mills and others

(1967) for the thick, massive-bedded, cliff-forming limestone of the

Yojoa Group which is extensively exposed in central Honduras. The

Atima Formation is the only formation of the Yojoa Group recognized in

the Agalteca quadrangle.

Shale Member of the Atima Formation

At least one shale horizon, tens of meters thick and mappable

as a separate unit, is present in the Atima Formation in the Agalteca

quadrangle.

General Appearance

Two distinctive types of shale are present within the Atima

Formation. "Red shale" includes red to green claystone and minor red

sandstone and siltstone, and weathers to a light red color similar to

exposures of the Valle de Angeles redbeds. Bedding is poorly developed
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in this unit. Some of the claystone is laminated, and small amplitude

(2-5 cm) soft-sediment folds are present in interbedded sandstone and

siltstone.

"Black shale" consists of thin-bedded, dark gray to black

clayshale and minor siltstone, with a few thin (1.0 m) intercalated an

desite flows. Andesite is dark green in color where fresh and weathers

to an orange-yellow clayey mass. The andesite is conformable within the

enclosing shale. The andesite is vesicular, but no other structures,

such as pillows, were recognized. The red and black varieties of shale

may occur at different stratigraphic horizons, or may represent facies

variations within a single horizon. Limited exposures of these units

are insufficient to resolve this question.

The shale member is easily eroded and forms a notch between the

prominent limestone units of the Atima Formation (Plate Vd) . This geo

morphic expression is apparent in the topography of Cerro Tenistepe

(713/944). The shale member is sparsely vegetated compared to the lush

growth on the limestone units.

Contacts, Distribution, and Thickness

The shale member is entirely conformable within the Atima Forma

tion (Plate Vd) . "Red shale" is exposed in the outcrop belt of Atima

limestone from Cerro Tenistepe (713/944) to Cerro Caliche Rabon (653/

982) , and crops out in the vicinity of La Sabana de los Caliches Blancos

(638/998). At these localities, the shale occurs approximately 100 to

150 m from the base of the Atima Formation. Detailed measurements on
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Cerro Tenistepe indicate a thickness of 24 m for the shale member

(Measured Section C-C', Appendix II).

"Black shale" is exposed only in the vicinity of Trinidad de

las Quebradas (625/022) . The base of the shale is not exposed at this

locality, but a rough estimate of the thickness of the exposed section

is 100 m. This estimate does not take into account minor folding which

may repeat section in this area. The top of the "black shale" is ap

proximately 100 m stratigraphically below the contact between Atima

limestone and Valle de Angeles redbeds at 628/018.

Lithology and Depositional Environment

The "red shale" includes minor sandstone and is mostly coarse

siltstone- and claystone. One sample of very fine sandstone (0.1 mm

average grain size) from the exposure on Cerro Tenistepe is a submature

quartzarenite.

The "black shale" was not studied petrographically. It is

organic-rich and non-calcareous. The andesite has a porphyritic to

glomeroporphyritic texture, and contains some glass. The groundmass is

altered and consists of somewhat randomly oriented plagioclase micro-

lites with abundant interstitial calcite. The calcite is probably an

alteration or replacement product of the plagioclase. Phenocrysts in

clude prisms, 1 to 2 cm in length, of chloritized hypersthene and

plagioclase laths which are nearly completely replaced by calcite. The

andesite is vesicular, and glassy vesicle walls are rimmed by calcite

and later megaquartz.
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The shale member of the Atima Formation represents a terrige

nous incursion which is the culmination of a shallowing upward sequence

in the limestone (James, 1979). The thickness of the shale and the

lateral extent of this unit within the quadrangle indicate a significant

regressive event.

These sediments were deposited in a low energy, near-shore en

vironment such as a supratidal marsh or coastal plain. Some of the

terrigenous sediments may have invaded marine embayments.

The organic content of the "black shale" suggests local anoxic

conditions. The lack of pillows in the andesite suggests subaerial

deposition. Alternatively, submarine deposition might explain the ex

tensive alteration of this unit. Pillow structures may have been ob

scured by the intense weathering and poor exposure of the andesite.

Age and Correlation

The age of the Atima Formation is Neocomian through Aptian

(refer to previous section) . The specific time interval corresponding

to the deposition of the shale member is unknown.

Mappable shale horizons have been recognized in the Atima Forma

tion elsewhere in Honduras. Finch (1981) noted a thick (115 m) green to

red shale member, informally called the "Mochito Shale" which separates

the Atima Formation into a lower and upper limestone unit in the Santa

Barbara region, 100 km west of the Agalteca quadrangle. It is not known

if the "Mochito Shale" is correlative with the shale member of the

Atima Formation in the Agalteca quadrangle.

Simonson (1977) and Carpenter (1954) discussed andesite porphyry
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flows and breccias which overlie the Atima Formation (Cantarranas Forma

tion of Carpenter) in the El Porvenir and San Juan de Flores quadrangles,

respectively. Simonson (1977, p. 46) found conformable limestone lenses

within the andesitic Naranjal volcanics, indicating submarine deposition

even though pillow and other flow structures are lacking. The Colonia

andesitic deposits of Carpenter lack interbedded limestone, but are sim

ilar in other respects. The andesite flows in the shale member of the

Atima Formation in the Agalteca quadrangle may be equivalent to the

Naranjal Volcanic Deposits of Simonson (1977) and the Colonia Andesitic

Tuffs and Breccias of Carpenter (1954). If this is the case, then the

Atima Formation in the El Porvenir and San Juan de Flores quadrangles

corresponds only to the lower Atima limestone in the Agalteca quadrangle.

Valle de Angeles Group

The Valle de Angeles Group consists of red siliciclastic sedi

ments and limestone in the Agalteca quadrangle. Micritic limestone of

the Esquias Formation divides the Valle de Angeles Group into lower and

upper siliciclastic units which include conglomerate, sandstone, silt

stone and claystone. The Esquias Formation limestone is discussed

separately at the end of this section.

General Appearance

Siltstone and claystone are the most abundant, though not the

most prominently exposed, rock types of the clastic units of the Valle

de Angeles Group. Iron oxide or hydroxide cement gives these rocks the

brick-red to maroon color characteristic of redbeds. Variations in
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color include tan to cream-colored siltstone, and yellow to greenish-

gray claystone. Sandstone and pebble conglomerate are also commonly

stained red, but where they lack iron oxide cement they have a distinc

tive white color, and may be mistaken for limestone from a distance.

Sandstone and pebble conglomerate are present in both the lower and up

per clastic units, and are more common in the lower unit. Claystone

is more common in the upper unit.

Sedimentary structures include parallel lamination in clay

stone and siltstone, horizontal stratification and graded bedding in

sandstone, and planar and trough cross-bedding and imbrication in con

glomerate (Plate Via) . Individual beds and sequences of beds fine up

ward, with several notable exceptions. Overall, the clastic rocks of

the Valle de Angeles Group appear to comprise a fining upward sequence.

The well-cemented quartz pebble conglomerate and sandstone of

the Valle de Angeles Group is extremely resistant to erosion and forms

broad, high ridges and peaks. Siltstone and claystone form a more sub

dued topography. Landslides are common in this unit, especially on dip

slopes and at high elevations where water from heavy rainfall saturates

the rock. Landslides involving Valle de Angeles strata which cover

areas of one square kilometer or more are present in several places in

the Agalteca quadrangle.

The Valle de Angeles Group clastic rocks form moderately rich

soils with fair moisture retention characteristics (Miegs, 1981). The

unit is exposed for the most part at elevations over 1200 m where rain

fall is heavy, and a dense forest with a heavy understory typically

covers the unit. The intense rainfall deeply weathers any outcrops of
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PLATE VI

VALLE DE ANGELES GROUP

A. Low-angle cross-bedding in pebble conglomerate of the

lower clastic unit of the Valle de Angeles Group.

This is the base of the exposure at 691/931 which is

shown schematically in Figure 11. View is to the

west. Field assistant Rogelio Borjas provides scale.

B. Contact between siltstone of the lower clastic unit

of the Valle de Angeles Group and limestone of the

Esquias Formation at 682/925. The contact (just
above the hammer head) is conformable and sharp.

Outcrop is near the hinge of a minor syncline and

the siltstone exhibits a well-developed, steeply-

dipping cleavage. View is to the east. Hammer

handle is 25 cm long.

C. Distinctive black-colored chert in thick-bedded mi

critic limestone of the Esquias Formation near El

Chaguite at 664/911. Hammer handle is 25 cm long.

D. Burrowed micritic limestone of the Esquias Formation

near El Aguacate at 697/892. Hammer head is 17 cm

across.
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PLATE VI

VALLE DE ANGELES GP.
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this unit which are not obscured by the thick vegetation, and the clay-

rich lithologies are reduced to a lateritic mass from which it is im

possible to extract structural information. This helps to explain the

paucity of structural data in the Valle de Angeles outcrop belt on the

map. The best exposures of the Valle de Angeles Group are found at

elevations between 800 and 1200 m in the vicinity of Pueblo Nuevo, from

the Santa Maria fault (710/930) to El Guachipilin (680/890).

Contacts

The contact with the underlying Atima limestone is poorly ex

posed in the vicinity of Rio Blanco (488/000) and at El Higuero (482/

984) . Thin-bedded marly limestone of the Atima Formation grades upward

into greenish-gray claystone and red siltstone of the lower Valle de

Angeles Group over a distance of three meters. Interf ingering of the

contact was not observed at either locality. No evidence of erosion or

angular discordance is present.

The upper contact of the Valle de Angeles Group is a profound

angular unconformity. This unit is unconformably overlain by andesite

of the Matagalpa Formation in the vicinity of El Cipres (640/020) and

Floricunda (580/915), by rhyolitic ignimbrites of the Padre Miguel

Group in the northeast and southwest corners of the quadrangle, by

basalt of the Padre Miguel Group in the vicinity of Floricunda (567/

923), and by terrace gravels in the vicinity of Pueblo Nuevo (715/905).



64

Distribution and Thickness

The Valle de Angeles Group has a large areal exposure and crops

out in a northwest- trending belt from 6 to 8 km wide which extends near

ly 30 km from Mata de Platano (730/900) to Rio Blanco (500/000). The

Santa Maria fault separates the Valle de Angeles Group from the exten

sive exposures of the Todos Santos Formation to the north and northeast,

and the El Cantoral fault and the onlapping Padre Miguel ignimbrites

border the Valle de Angeles Group outcrop belt to the southwest. To

the northwest, the kink-folded Atima Formation plunges to the southeast

beneath Valle de Angeles Group strata. A smaller northwest-trending

outcrop belt of Valle de Angeles Group strata is present between Zingui-

zapa (655/000) and Trinidad de Quebradas (625/030). This outcrop belt

continues along strike into the Vallecillo quadrangle at least as far

as the village of Vallecillo. Isolated exposures of the Valle de Ange

les Group are present in the vicinity of La Vereda (600/990) and in the

vicinity of Las Delicias in grid square 56/00.

The maximum thickness of the Valle de Angeles Group in the

Agalteca quadrangle is not known because of poor exposures and pervasive

faulting. Measured Section D-D' (Appendix II) documents approximately

400 m of unfaulted lower Valle de Angeles strata, which may be regarded

as a minimum estimate because the base of the unit is not exposed. Mea

sured Section F-F' (Appendix II) documents an unfaulted thickness of

approximately 280 m for the upper Valle de Angeles Group. Measurements

of the thickness of the Esquias limestone range from 30 m to greater

than 90 m, giving a minimum aggregate thickness of perhaps 750 m for the
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section. It is clear that the preserved thickness of the Valle de

Angeles Group is variable due to differential erosion of the folded

section and to original depositional variations in thickness. Cross-

sections suggest a maximum thickness of 1,500 to 2,000 m for the Valle

de Angeles Group in the Agalteca quadrangle.

Lithology and Paleontology

The lower Valle de Angeles Group consists of red laminated

siltstone and interbedded red and yellow clayshale and claystone, with

a significant amount of interbedded red sandstone and white quartz peb

ble conglomerate. Dark maroon siltstone with thin clay-rich bentonite

layers is present at 641/007. Friable, cream-colored tuffaceous sand

stone is present at 693/932. A greenish-brown feldspathic sandstone is

present at 639/011.

Sedimentary structures in the lower Valle de Angeles Group are

poorly exposed in the vicinity of Cerro Tincuta in Measured Sections

D-D' and E-E' (Appendix II), but fining upward sequences from 10 to

40 m thick are recognized. A good exposure of the coarse-grained rocks

is present at 691/931 (Figure 11) . Planar and trough cross-bedded sandy

conglomerate, and horizontally-bedded sandy conglomerate comprise the

bulk of the section and generally grade upward into horizontally-strati

fied sandstone and laminated siltstone. In some cases the conglomerate

is directly overlain by laminated siltstone.

The upper Valle de Angeles Group was studied in detail in the

vicinity of Pueblo Nuevo in Measured Section F-F' (Appendix II). Green

ish-gray to red clayshale overlies the Esquias Formation and coarsens
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of the Valle de Angeles Group at grid coordinate

691/931.
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upward into red laminated siltstone. This is overlain by a series of

fining-upward sequences of conglomerate and sandstone which is overlain

by a thick section of siltstone. The section ends where it is covered

by terrace deposits.

The fine-grained and very-coarse-grained rock types were not

studied in thin section. A petrographic study of a non-statistical

sampling of sandstones from various localities indicates that these

rocks are texturally submature and that they are highly variable in com

position. Quartz-rich sandstone predominates, including quartzarenite

and subphyllarenite. Lithic-rich sandstones are abundant, including

phyllarenite, chertarenite and feldspathic phyllarenite. Feldspar-

rich sandstones are less abundant, and include arkose and lithic arkose.

Quartz types include common quartz, vacuole-rich vein quartz,

recrystallized metamorphic quartz and embayed volcanic quartz in order

of decreasing abundance. Plagioclase is the most abundant feldspar,

but microcline and orthoclase are present . Lithic grains include abun

dant metamorphic clasts which are indistinguishable from those of the

Todos Santos Formation, and which may have been reworked from that forma

tion or derived directly from the metamorphic basement. The abundant

chert grains may have been reworked from the Atima Formation. Minor

andesitic volcanic rock fragments and rare plutonic intergrowths of

quartz and feldspar are present in these samples.

Porosity is visually estimated at 5 to 7%. Compaction of

grains is moderate to extreme, and shearing is present in some samples.

The cementation history of some samples indicates early hematite stain

ing of grains followed by clay rims, and later partial filling of pore
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space by megaquartz.

Fossils were not found in the Valle de Angeles clastic rocks.

Speckles of dark colored organic matter are present in some of the fine

grained rocks, but samples analyzed by ARCO Research and Development,

Piano, Texas, were barren of identifiable spores or pollens.

Depositional Environment

The red color and lack of marine fossils suggest that the Valle

de Angeles Group clastic rocks are terrestrial deposits. The fining-

upward sequences of cross-bedded sandy conglomerate, horizontally strat

ified sandstone and laminated siltstone indicate a fluvial environment.

The paucity of clast-supported, trough cross-bedded conglomerate indi

cates that this is not a braided river deposit, according to Rust

(1979). More work is needed to clarify the type of fluvial system

which deposited the Valle de Angeles Group clastic rocks.

Age and Correlation

The age of the clastic strata of the Valle de Angeles Group in

the Agalteca quadrangle is not directly known because the rocks are not

fossiliferous. The underlying Atima Formation is Neocomian-Albian, and

the overlying Esquias Formation may be Cenomanian (Home and others,

1974; Finch, 1981), bracketing an Albian-Cenomanian age for the lower

clastic unit. The oldest rock unit which overlies the Valle de Angeles

Group is the Matagalpa Formation andesite, which may be Paleocene to

early Miocene in age. According to Finch (1981, p. 1325), no reliable
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Tertiary age determinations have been reported from the upper Valle de

Angeles Group, and an Upper Cretaceous age is assumed for these strata.

The Valle de Angeles Formation was named by Carpenter (1954)

for the thick redbed sequence which is exposed east of Tegucigalpa and

was raised to group status by Mills and others (1967) to include all

redbeds in Honduras which overlie the Yojoa Group carbonates and which

are unconformably overlain by Tertiary volcanic rocks.

Esquias Formation

The Esquias Formation consists of thick, medium- and thin-bed

ded micritic limestone, dolomite and marl which is everywhere conform

able within the redbeds of the Valle de Angeles Group (Plate VIb) .

General Appearance

The Esquias Formation is predominantly a light gray, massive

to laminated, algal-rich micritic limestone. Dolomite replaces lime

stone to varying degrees throughout the section, and coarsely crystal

line dolomite beds are a mottled dark gray color and have a granular

texture. Macrofossils are sparse, but gastropod and pelecypod shell

fragments are present. No coquina beds were observed in the Esquias

Formation, except for thick (1-2 m) accumulations of oysters which are

present at some localities in marly beds at the base of the limestone

and which may be in growth position. Black chert is present at various

stratigraphic horizons (Plate Vic) and is most abundant near the top of

the section in some exposures.
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Planar bedding is well developed in the Esquias Formation and

includes thick-bedded (0.8-1.0 m) massive to laminated limestone, me

dium-bedded (0.3-0.4 m) massive to laminated limestone and thin-bedded

(2-4 cm) finely laminated limestone. Finely laminated, clay-rich marly

beds of variable thickness are present in some sections. Some of the

limestone beds are bioturbated (Plate VId) .

The Esquias Formation only rarely forms cliffs and ridges. In

most exposures the limestone is less resistant to erosion than the

quartz-cemented conglomerate and sandstone of the Valle de Angeles

Group clastic rocks and forms valleys between ridges of the more resis

tant material. Where the dip of the limestone is low, karst features

such as sinkholes and caverns are well developed.

The Esquias Formation forms fertile soils high in moisture

retention and is preferentially exploited for agricultural purposes. At

low elevations in the vicinity of Pueblo Nuevo, secondary growth covers

limestone outcrops that are not under cultivation and consists of dense

thorny shrubs and vines which are not found on nearby outcrops of Valle

de Angeles Group clastic rocks.

The Esquias and Atima Formations are very similar lithologic-

ally and are not easily distinguished with confidence in the field. The

black chert and oyster beds are not found in the Atima, and serve to

distinguish the two formations. The difference in thickness and lack

of a shale member also distinguish the Esquias Formation from the Atima

Formation in areas of good outcrop. Unfortunately, most exposures are

poor, and the geologist must often times rely upon equivocal field re-
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lations or micro-paleontological analysis in order to correctly iden

tify the formation.

Contacts, Distribution and Thickness

The Esquias Formation is conformable within the lower and upper

Valle de Angeles Group clastic rocks at all localities where the lower

and upper contacts are exposed in the Agalteca quadrangle. In places

the lower contact is transitional from red siltstone to marly limestone,

locally containing oyster beds, and is well exposed at 728/907. Else

where the contact is sharp (Plate VIb) . The upper contact is exposed

at 697/920 where massive, thick-bedded limestone, locally containing

chert is overlain by green to red claystone which coarsens upward into

siltstone. No interdigitation of the units is observed at either con

tact.

The distribution of the Esquias Formation in the Agalteca

quadrangle is limited to the eastern half of the main outcrop belt of

the Valle de Angeles Group. The limestone is exposed in a rough "V"-

shaped pattern with the apex in the vicinity of Los Planes (630/930)

and with the limbs of the "V" extending to El Guachipilin (690/890) and

to El Tule (720/925). The outcrop pattern suggests that the Esquias

Formation is exposed in a complexly faulted southeast-plunging syncline.

The thickness of the Esquias Formation is variable, and mea

sured thicknesses range from 30 m for a complete section at Measured

Section F-F' to 90 m for an incomplete section at Measured Section E-E'

(Appendix II). The formation appears to pinch out at 723/909 and 669/

900. The maximum thickness of the Esquias Formation is probably not
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much more than 100 m.

Lithology, Paleontology and Environment of Deposition

The lithology of the Esquias limestone is variable, ranging

from fossiliferous micrite to poorly-washed biosparite. Sparse to

packed biomicrite is the dominant lithology. Sorted pelsparite intra-

clasts are present in some of the rocks, and pellets are more common

than in the Atima Formation. Calcispheres and ooids are rare con

stituents.

The Esquias Formation is generally more fossiliferous than the

Atima Formation and includes abundant oyster and lesser gastropod macro

fossils. Microfossils include various types of blue-green and red algae

and abundant foraminifera including miliolids and Textularia sp. accord

ing to Nolan Shaw of Centenary College, Shreveport, Louisiana (personal

communication, 1983). Ostracod and pelecypod fragments and calcareous

sponge spicules are also present. Preservation of fossils is very poor.

Dolomite replacement of micrite occurs throughout the formation

and is generally coarser than in the Atima Formation. Some zoned dolo

mite rhombs are present. Chert and rare length-slow chalcedony (quartz-

ine) replace fossil grains and in some cases replace sparry calcite in

fractures.

The environment of deposition of the Esquias Formation is shal

low marine, probably subtidal to supratidal. Both low and moderately

high-energy environments are suggested by the variations in the sorting

of these rocks. Mudcracks, which are typical of intertidal to supra-

tidal carbonate deposits, were not recognized but may be present. The
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presence of length-slow chalcedony may be an indication of evaporitic

conditions during the deposition of these rocks (Folk, 1974, p. 80).

Reconnaissance in the Vallecillo quadrangle shows that massive gypsum

is associated with the Esquias Formation in that area.

Age and Correlation

The age of the Esquias Formation in the Agalteca quadrangle is

not known, but a number of fossiliferous samples are being analyzed by

Amoco Production Company, Houston, Texas. A study of calcareous nanno-

fossils by Amoco did not yield any age-diagnostic species (Richard J.

White, personal communication, 1982) ,
and a study of foraminifera is in

progress. Jose Longorio, of The University of Texas at Dallas, exam

ined foraminifera in several thin sections from the Esquias Formation,

but was unable to obtain an age because of the poor preservation of the

fossils.

The age of the type Esquias Formation is middle Cretaceous,

probably Cenomanian, based upon a mulluscan and echinoid fauna identi

fied by Keith Young of The University of Texas at Austin (Home et al.
,

1974, p. 183).

The Esquias Formation was first described by Weaver (in Schu-

chert, 1935, p. 355) and was redefined by Home et al. (1974) as a thick-

to thin-bedded, marly, micritic limestone with pellet-rich, algal-rich

and intraclast-rich beds, which is present in the Valle de Angeles Group

in the vicinity of the village of Esquias, 40 km north of the exposures

in the Agalteca quadrangle. The Esquias Formation is 450 m thick at the
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type section. Another Cenomanian limestone, the Jaitique Formation of

Finch (1981) is present in the Valle de Angeles Group in the Santa Bar

bara area approximately 100 km to the northwest of the exposures in the

Agalteca quadrangle. The lower part of the Jaitique Formation is a

thick-bedded, gray biomicrite, and the upper part, the Guare Member,

is a thin to medium-bedded, finely laminated, fetid, dark gray to black

microcrystalline limestone. The Guare Member is overlain by shales of

the upper Valle de Angeles Group which contain an undertermined thick

ness of nodular to laminated gypsum. The average thickness of the

Jaitique Formation is approximately 100 m.

The limestone unit in the Agalteca quadrangle resembles the

Jaitique Formation in certain respects; it is thin (50-100 m) and it is

known to be associated with gypsum in the adjacent Vallecillo quadrangle.

The distinctive Guare Member, however, is lacking.

The limestone unit in the Agalteca quadrangle is assigned to

the Esquias Formation on the basis of lithologic similarity and geo

graphic proximity.

TERTIARY VOLCANIC ROCKS

The volcanic rocks of the Agalteca quadrangle include andesite

of the early Tertiary Matagalpa Formation and ignimbrite, volcanogenic

sediments and basalt of the Oligocene-Miocene Padre Miguel Group. De

tailed studies of the volcanic rocks of Honduras have been made by

Williams and McBimey (1969), Dupre (1970) and Curran (1980). The Ter

tiary volcanic stratigraphy of Honduras is summarized in Figure 8.
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Matagalpa Formation

The Matagalpa Formation is composed of fine-grained andesitic

flows which unconformably overlie the deformed Mesozoic sedimentary

rocks.

General Appearance

The andesite is reddish-gray to maroon on a fresh surface, and

weathers to a dark reddish gray color. It has a blocky fracture, due

to the presence of several sets of closely spaced orthogonal joints.

One of these joint-sets dips gently to moderately and may be parallel

to an originally horizontal flow structure (Plate Vila). If so, the

andesite has been tilted by folding or faulting.

Local zones of intense brecciation may be due to autobreccia-

tion along the margins of individual flows, or they may be the result

of early Tertiary faulting. Limited exposures are insufficient to

distinguish between these two possibilities. The brecciated zones are

preferentially silicified and contain abundant agates.

The Matagalpa Formation forms an irregular topographic surface

and supports a thick cover of briars and scrub brush.

Contacts

The lower contact of the Matagalpa Formation is poorly exposed.

The complex deformation of the Valle de Angeles Group in grid square

64/01 does not appear to be developed in the Matagalpa Formation, and

the lower contact is probably an angular unconformity. This agrees with
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PLATE VII

VOLCANICS AND ALLUVIUM

A. Andesite of the Matagalpa Formation near El Cipres
at 647/015. View is to the north. A planar flow

structure dips to the west (left) and is cross-cut

by an east-dipping joint set. Hammer handle is

25 cm long.

B. Cliff exposure of thick ignimbrite packages of the

Padre Miguel Group. View is to the east toward

Cerro Guayabillas in the canyon of the Rio Talanga
near 710/010. Cliff face is approximately 30 m

high.

C. Boulder conglomerate within the Padre Miguel Group
at 705/010. Clasts are predominantly ignimbrite,
but a small percentage (3-5%) are derived from the

Mesozoic formations. These include quartz-pebble
conglomerate from the Valle de Angeles Group and

silicified limestone from the Atima or Esquias
Formations. Clipboard (lower left) is 32 cm in

length.

D. Residual lag gravel formed by the winnowing of fine

grained material from the Quaternary-Tertiary ter

race deposits. This is a typical exposure of that

unit. (Photograph courtesy of W. S. Logan).

E. Roadcut through terrace deposit near Hacienda Canada

Fresca at 729/930. The deposit is imbricated, well-

stratified, and locally cross-bedded. Boulders as

large as 0.5 m are found in this unit. Hammer handle
is 35 cm long.

F. Outcrop of El Boqueron gabbro in the Quebrada El

Zapotal at 559/028. A brecciated texture, probably
due to intrusive autobrecciation, is apparent to
the right of the hammer. Hammer handle is 25 cm

long.
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PLATE VII
VOLCANICS AND ALLUVIUM
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the regional observations of Williams and McBimey (1969).

The upper contact between the moderately tilted Matagalpa For

mation and the subhorizontal Padre Miguel Group is also an unconformity.

Distribution and Thickness

The areal exposure of this unit is limited to approximately

2
three km in the Agalteca quadrangle. The best exposures are located in

the vicinity of El Cipres (640/020) along the northeast flank of the up

lifted Mesozoic rocks. An agate-bearing brecciated zone is located at

637/025, and the most abundant agates are found at this locality.

Poorer exposures are present along the southwest flank of the

uplifted Mesozoic rocks in the vicinity of Floricunda (567/917 and

576/913) and at the upper reaches of the Rio de Las Botijas (586/890).

The presence of agates in a brecciated matrix of fine grained, silici-

fied, reddish-gray rock at these localities greatly facilitates the

recognition of the Matagalpa Formation in spite of the dense vegetation

and the similarity in appearance of the andesite to the locally abundant

siltstone of the Valle de Angeles Group.

The thickness of the Matagalpa Formation is variable. The max

imum thickness is estimated to be greater than 100 m based upon local

relief at the exposure in the Quebrada Seca (645/015) near El Cipres.

The unit thickens greatly a short distance from the depositional contact

with the Valle de Angeles redbeds at this locality, implying that the

andesite flowed onto a surface of considerable relief. Alternatively,

the unit may have been block-faulted subsequent to deposition, in which

case the contact with the Valle de Angeles Group at this locality is a
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Lithology

The Matagalpa Formation is typically a fine-grained to aphanit-

ic, noncrystalline, pilotaxitic to porphyritic andesite. Plagioclase

microlites make up 75 to 95% of the rock, and phenocrysts include

hypersthene, pigeonite and plagioclase in the approximate ratios of

1:1:3. The composition of the plagioclase phenocrysts is estimated at

^35 (andesine) bY the Michel-Levy method for high-temperature plagio

clase (Jones and Bloss, 1980). Locally the rock includes minor amounts

of chloritized glass which lines irregularly shaped vesicles. Most

samples of the Matagalpa Formation are partially to completely silici-

fied.

Mi

The age of the andesite in the Agalteca quadrangle is very poor

ly constrained. The andesite has not been isotopically dated and may

not be suitable for dating because it is extensively altered and silici-

fied.

The stratigraphic constraints on the age of the andesite are

also poor. The underlying Valle de Angeles Group has an upper age limit

of Late Cretaceous to early Tertiary. The overlying Padre Miguel Group

ignimb rites have not been dated, but probably belong to the 19 my to

14 my ignimbrite sequence (see next section) ,
so the age of the andesite

can only be bracketed at early Tertiary to early Miocene.



80

Simonson (1972) cited chemical and mineralogical evidence which

suggests that andesite of the Matagalpa Formation in the Minas de Oro

quadrangle is comagmatic with the Minas de Oro granodiorite. The age of

the granodiorite has been determined by the K-Ar method to be 55 to 60

my (Sample 3-70-4, Appendix IV), or of Paleocene age.

The andesite in the Agalteca quadrangle is extensively altered

and silicified, and appears to be tilted, which suggests that it is con

siderably older than the relatively unaltered and subhorizontal ignim-

brites. The isolated outcrops of andesite along the flanks of the up

lifted Mesozoic rocks suggest that the andesite was eroded prior to the

deposition of the ignimbrites. These observations suggest a preference

for an early Tertiary age of the andesite.

Correlation

The andesite in the Agalteca quadrangle is tentatively assigned

to the andesite and basalt flows of the Matagalpa Formation (Williams

and McBimey, 1969) which underlie the thick ignimbrite sheets of the

Padre Miguel Group throughout much of Central America. The andesite in

the Agalteca quadrangle is overlain by ignimbrites of the Padre Miguel

Group, but this alone is not a sufficient criterion for assigning it to

the Matagalpa Formation because andesite is also present within the

Padre Miguel Group (Samples 623 and M-2; Appendix IV). The assignment

relies upon the equivocal evidence (discussed under Age, above) that the

andesite is early Tertiary in age.
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Padre Miguel Group

The Padre Miguel Group is a thick sequence of mostly rhyolitic

ignimbrites, sillars and related volcanogenic sediments that unconform

ably overlies the Matagalpa Formation and all older rock units in the

Agalteca quadrangle. Two informal members of this group, the Tenampua

member volcanogenic sediments described by Dupre (1970) in the adjacent

Zambrano quadrangle, and an unnamed basalt member, are mapped as sepa

rate units and are discussed at the end of this section.

Inidividual ignimbrite sheets and volcanic flows within the

Padre Miguel Group are mineralogically and texturally distinctive, and

have complex stratigraphic relationships. Except for the easily dif

ferentiated Tanampua and basalt members, no effort was made in this

study to map subunits within the Padre Miguel Group or to catalogue the

lithologic variations within the group. The interested reader is re

ferred to detailed studies of the volcanic stratigraphy of nearby quad

rangles by Dupre (1970) and Curran (1980).

General Appearance

Fresh exposures of the Padre Miguel Group ignimbrites are cream-

yellow to white or pale pink in color. At many localities the ignim

brites are covered with black lichens and have a dark mottled appearance.

In hand specimen the ignimbrites are typically crystal-rich and ashy and

are not highly welded. Some varieties are speckled with abundant bio-

tite phenocrysts. The volcanogenic sediments are variegated in color

and lack distinctive weathering characteristics.
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Bedding is well developed in the ignimbrites and represents

individual ash-flow units which may be tens of meters thick. Although

bedding is well developed it is not prominent except in the cliff faces

exposed in the canyons which deeply dissect the ignimbrite sheet in the

northeast ans southwest corners of the map area (Plate Vllb) . Elsewhere

the unit forms a subdued topography of gentle hills littered with blocks

of ignimbrite which are broken along well developed orthogonal joint

sets.

Vegetation developed on the Padre Miguel Croup is a variable

oak-pine community (Miegs, 1981). It is generally an open forest or

grassland, and the dominant trees are Pinus oocarpa (pine), Liquidambar

styraciflua (sweetgum) , and various species of oak.

Contacts

The contact between the Padre Miguel Group and the underlying

Mesozoic sedimentary rocks is an angular unconformity. A smaller angu

lar discordance appears to be present between the Padre Miguel and

Matagalpa volcanics, but cannot be clearly demonstrated due to the lack

of bedding in the Matagalpa Formation.

The upper contact of the Padre Miguel Group is an erosional

surface upon which a late Cenozoic basalt and various alluvial sedi

ments have been deposited locally.

Distribution and Thickness

The Padre Miguel Group crops out extensively in the northeast
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and southwest corners of the quadrangle where it laps onto the flanks

of the uplifted and deformed Mesozoic sedimentary rocks. Ignimbrites

of the Padre Miguel Group cap the highest elevations of the Montana de

Comayagua in the northwest corner of the quadrangle.

In the northeastern corner of the quadrangle the Padre Miguel

Group consists of a series of thick ignimbrite sheets and interstrati-

fied conglomerates. The conglomerates are coarse and consist of well-

rounded boulders and cobbles of ignimbrite and minor clasts of well-

cemented quartz-pebble conglomerate and silicified limestone (Plate

VIIc) . The ignimbrite clasts were most likely cannibalized from Padre

Miguel Group ignimbrites which were deposited on the uplifted Mesozoic

sedimentary rocks of the ancestral Montana de Comayagua and Montana de

Santa Maria. The coarseness of the conglomerate and the presence of

clasts of the Mesozoic formations suggest that the Padre Miguel Group

was deposited upon a surface of considerable topographic relief in this

area. This contrasts with the regional observations of Williams and

McBirney (1969, p. 32) who note that most of the Padre Miguel ignim

brites were deposited on a subdued topographic surface.

In the southwestern corner of the quadrangle, the Padre Miguel

Group consists predominantly of ignimbrites. No conglomeratic horizons

were observed in this area.

The thickness of the Padre Miguel Group in the Agalteca quad

rangle is variable. Local relief of 300 to 400 meters is present in this

unit in deep canyons in the southwest forner of the quadrangle. Everett

(1970a, p. 54) estimates that the Padre Miguel Group is 800 to 1200
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meters thick in the northwestern part of the Camayagua quadrangle.

A&e

The age of the Padre Miguel Group in the Agalteca quadrangle is

not directly known because the rocks have not been dated. The oldest

volcanic rocks of the Padre Miguel Group in Honduras are interbedded

ignimbrites and basalt of mid-Oligocene age (approximately 30 my) which

are present in the northwest part of the Comayagua quadrangle (sample

819; Appendix IV) and in the San Pedro Zacapa quadrangle (samples 4-732,

4-733; Appendix IV). It is unlikely that the basal ignimbrites in the

Agalteca quadrangle are part of the Oligocene sequence, because inter

bedded basalt is not present.

A younger sequence of ignimbrites of Miocene age is present in

Honduras, and the exposures of the Padre Miguel Group in the Agalteca

quadrangle are contiguous with rocks of this unit which have been iso-

topically dated in the Comayagua and Zambrano quadrangles. An ignimbrite

in the eastern part of the Comayagua quadrangle which is near the base

of the Padre Miguel section gives a K-Ar age of 18.9+0.3 my for biotite

and 17.2+0.3 my for K-feldspar (sample 752b; Appendix IV). The Comedor

ignimbrite from the northwest comer of the Zambrano quadrangle gives a

K-Ar age of 14.0+0.9 my on plagioclase (sample 475; Appendix IV). This

ignimbrite is present near the top of the main ignimbrite sequence in

the Zambrano quadrangle. Therefore the age of the ignimbrites in the

Agalteca quadrangle is probably approximately 19 my to 14 my, or early

to mid-Miocene.
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Correlation

The ignimbrites and volcanogenic sediments are assigned to the

Padre Miguel Group of southeastern Guatemala and western Honduras

(Burkart and others, 1973) on the basis of age and lithology.

Tenampua Member of the Padre Miguel Group

The Tenampua Member of the Padre Miguel Group consists of vol

canogenic sediments which overlie the main ignimbrite sequence in the

southwest corner of the Agalteca quadrangle. This unit is conspicuous

on air photos and was mapped by photo interpretation. Dupre (1970,

p. 50-57) described this unit in detail.

Contacts

There is a slight angular discordance between the Tenampua beds

and the underlying ignimbrites, and the lower contact is an unconformity.

In the Agalteca quadrangle, the upper contact is an erosional surface.

Distribution and Thickness

The Tenampua beds are restricted to the southwest corner of the

Agalteca quadrangle and are contiguous with rocks of this unit in the

Zambrano quadrangle (Dupre, 1970).

The thickness of the unit is variable but attains a thickness

in excess of 120 m on Cerro El Calentero (525/847).
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Age and Correlation

All that can be said about the age of this unit in the Agalteca

quadrangle is that it is younger than the ignimbrites that it overlies.

In the Zambrano quadrangle, the Tenampua Member is directly underlain by

an andesitic ignimbrite dated at 13.2+0.5 my by the K-Ar method on

plagioclase (sample 503; Appendix IV). It is overlain by the Tenampua

ignimbrite (a distinct unit) which gives K-Ar ages of 10.6+0.2 my and

10.4+0.2 my on K-feldspar (samples 432 and 683; Appendix IV). The

Tenampua Member is therefore mid- to late-Miocene.

The unit is correlated with the Tenampua Member described by

Dupre (1970) in the Zambrano quadrangle.

Basalt Member of the Padre Miguel Group

Several exposures of basalt are mapped in the southwest part of

the Agalteca quadrangle. The basalt is stratigraphically higher than

the main ignimbrite sequence of the Padre Miguel Group which it uncon

formably overlies. The stratigraphic relations between the Tenampua and

basalt members are unknown.

General Appearance

The basalt is dark black, porphyritic to aphanitic and general

ly non-vesiculr where fresh, and weathers a rust-red to brown color.

The best exposed outcrops have a rubbly appearance and are composed of

boulders and cobbles which have deeply weathered rinds 1 to 2 cm thick,

but which are nearly unaltered inside. Conspicuous olivine phenocrysts
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are a resinous yellow to reddish-brown color and have a conchoidal frac

ture.

No flow structures or tectonic structures were recognized in

this unit. The rubbly appearance of the outcrops suggests that the

basalt is highly jointed. :-r*

The scattered exposures of basalt weather to form a rich, deep

soil which supports lush secondary growth dominated by Rubus irasuensis

(blackberry) and Pteridium aquilinum (bracken fern) (Miegs, 1981). Ba

salt substrates are preferentially exploited- for agricultural purposes.

Contacts

The basalt unconformably overlies Padre" Miguel Group ignim

brites , Matagalpa Formation andesite and Val-le "de Angeles redbeds. The

upper contact is an erosional surface.

Distribution and Thickness

Basalt crops out at three localities in ^the southwest quadrant

of the map area. At Floricunda (567/923) fresh basalt cobbles are found

in the upper reaches of the Rio Zenon. These cobbles are probably de

rived locally because the slopes in the immediate vicinity of the con

fluence of the two streams at this locality consist of a very rich, dark

soil which may be weathered basalt. No fresh 'basalt was found in place,

and it is possible that the cobbles were transported from an exposure

lh km to the east, described below.

Just east of Floricunda at 580/920 basalt is exposed on a small

knob which may be the eroded remnant of a cone or a volcanic neck.
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Fresh cobbles can be found in the dark, rich soil on this knob where

foot trails have been cut through the anomalously dense vegetation. No

massive outcrops were found at this locality. The maximum thickness of

the basalt at this locality is estimated at 30 to 40 m.

Basalt crops out at San Jose de Buena Vista (543/887) on anoth

er small knob which may also be an eroded neck or cone. This is the

best exposure of basalt in the Agalteca quadrangle, and because it

occurs at a much lower (drier) elevation it is not as deeply weathered

as the basalt at the other two localities. Boulders and cobbles of

relatively fresh basalt are found in place at this locality, and the

maximum thickness of the unit is estimated to be 40 to 50 m.

All of the occurrences of basalt are adjacent to prominent

northeast-trending normal faults, which suggests that they are the ero

sional remnants of structurally controlled vents and not randomly lo

cated erosional remnants of a once extensive flow.

Lithology

The typical specimen is a medium-grained, intergranular to

intersertal basalt which contains hypersthene, minor clinopyroxene (prob

ably pigeonite) and plagioclase. The composition of the plagioclase is

estimated at An.
Q (andesine-labradorite) by the Michel-Levy method for

4o

high-temperature plagioclase (Jones and Bloss, 1980). The hypersthene

is altered to a yellowish-brown fibrous mineral, probably chrysotile.

Olivine was not seen in thin section, even though it appears to be abun

dant in hand samples. The "olivine" identified in hand sample may be
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altered hypersthene.

Age and Correlation

The basalt is younger than the underlying ignimbrites which are

probably no younger than 14 my (see above). The basalt may be about the

same age as the late Miocene olivine basalts of the Siguatepeque quad

rangle (Samples S 1727, S 553 and S 1714; Appendix IV). Olivine basalt

in the adjacent Zambrano quadrangle was mapped as Quaternary (Dupre,

1970), but isotopic evidence is not available to corroborate this age.

Due to the extreme erosion of the basalt in the Agalteca quadrangle, a

late Miocene rather than a Quaternary age is favored for this unit.

The late Tertiary basalts of central Honduras are part of the

Padre Miguel Group which includes a diverse assortment of volcanic

rocks, including basalt, and which are as young as Pleistocene (?)

(Burkart and others, 1973).

POST-VOLCANIC ALLUVIAL DEPOSITS

A thin veneer of late Tertiary to Recent alluvial deposits

overlies various older rock units in the Agalteca quadrangle. Alluvial

deposits include late Tertiary to Recent terrace gravels, Recent stream

and floodplain deposits and Recent landslide deposits.

Quaternary-Tertiary Terrace Deposits

The terrace deposits unconformably overlie all of the Mesozoic

sedimentary rock units, the Late Cretaceous to early Tertiary intrusive
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rocks of the Santa Clara intrusive complex, and the Tertiary Padre Mi

guel Group volcanic rocks. The terrace deposits are composed of con

glomerate, sandstone and clayshale. Lag deposits of cobble-sized clasts

cover the surface of most exposures of this unit (Plate VIIc) . The

clasts of the lag deposits are typically derived from the well-cemented

quartz-pebble conglomerate of the Valle de Angeles Group and from a

silicified limestone unit, probably the Atima Formation.

This unit was studied most closely in the excellent exposures

along the Agalteca-Pueblo Nuevo road in the vicinity of El Tule (725/

920) . In this area the conglomeratic deposits are derived chiefly from

the Valle de Angeles Group and are a deep maroon color. The conglomer

ate is poorly consolidated, has a sandy matrix and is horizontally

stratified and imbricated (Plate Vile) . Trough cross-stratification is

well-developed locally, and cut-and-fill structures are common. Boul

ders as large as 0.5 m in diameter are present in the deposit. These

sediments were probably deposited by alluvial fans or braided streams.

A few kilometers north on this road at 719/958 at least 4 m of

thinly-laminated gray clayshale is interbedded with the conglomeratic

deposits. This deposit may reflect local lacustrine deposition related

to ponding of the ancestral drainage system.

Several levels of terraces are present which suggests that the

area is actively being uplifted. The uplifted terraces in the Agalteca

Valley have been dissected by Recent streams and have a characteristic

"wormy" morphology on the topographic map.

The terrace deposits are most extensive in the small valleys in
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the vicinity of the villages of Agalteca' (715/972), Puebio Nuevo (695/

910), and Mata de Platano (725/895). Logan (1983) described the ter

race deposits in the Agalteca Valley in greater detail.

The thickness of this unit is highly variable and may be as

great as 100 m based upon local topographic relief.

Quaternary Alluvium

Most of the Recent stream deposits in the Agalteca quadrangle

are coarse gravel. The high-gradient streams which drain the upper ele

vations are choked with boulders that are commonly greater than one meter

in diameter. The lithology of the clasts varies with the area drained,

but well-cemented quartz-pebble conglomerate of
'

the "Todos Santos Forma

tion and the Valle de Angeles Group are the dominant clast types. Most

of the high-gradient streams have' narrow flood plains, and these alluvial

deposits are not shown on the map.
*"

The lower gradient streams in the eastern part of the quad

rangle have wider flood plains which are shown x>n the map. A typical ex

posure is present where the Agalteca-Vallecillo3rroad crosses the Rio

Santa Clara (712/976). The stream deposit here is a sandy cobble gravel.

The dominant clast is derived from the well-cemented quartz-pebble con

glomerate of the Valle de Angeles' Group, but limestone and indurated

siltstone clasts are also present'.- Clasts are generally imbricated and

dip upstream.

A coarser deposit is found where the same road crosses the Rio

Zinguizapa (656-000) . At this locality the river is choked with large

boulders of Todos Santos conglomerate.
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Some of the recent stream deposits are terraced. This is most

noticeable in grid square 72/96 where at least two levels of terraces

are present which are probably inundated at the flood stage of the Rio

Juan Ladron. The Recent terraces are separated from the older terraces

by a 6- to 8-m scarp along the western margin of the active flood plain

at this locality.

INTRUSIVE ROCKS

The major intrusive body in the Agalteca quadrangle is the

Santa Clara diorite. Skarn, hornfels, and several small replacement

bodies of magnetite are associated with the diorite, and together they

comprise the Santa Clara intrusive complex. Another, smaller, intrusive

body is the El Boqueron gabbro, which crops out in the Agalteca and

Vallecillo quadrangles. Minor intrusive rocks include numerous quartz-

porphyry dikes which intrude the Mesozoic sedimentary rocks and the

Santa Clara diorite.

Santa Clara Intrusive Complex

The Santa Clara diorite stock and related skarn and hornfels

2
have an areal exposure of approximately 5 km to the west of the Hacien-

2
da Santa Clara (696/968). An areal extent of at least 10 km is inter

preted assuming that the diorite exposures on Cerro Caliche Rabon (660/

980) and on Cerro El Iman (680/970) are continuous beneath the thin

veneer of terrace deposits in that area. The stock appears to be an

ellipsoid, the long axis of which is roughly parallel to the N60W trend

of the Montana de Comayagua structural belt.
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The Santa Clara diorite is hydrothermally altered and deeply

weathered, and most exposures are very poor. A relatively fresh hand

sample (float, at 694/977) has an approximate modal mineralogy of 30%

green pyroxene or amphibole, 10% green biotite and 60% plagioclase.

The anorthite content of the plagioclase is unknown, and probably could

not be reliably estimated petrographically due to the altered condition

of the rock. Thus, a distinction between diorite and gabbro cannot be

made following the criteria of Streckeisen (1967), and the use of the

term "diorite" for this unit follows Roberts and Irving (1957). Logan

(1983) described the Santa Clara intrusive complex in greater detail.

El Boqueron Gabbro

A small gabbro stock with a known areal extent of approximately

o

3 km in the Agalteca and Vallecillo quadrangles, is exposed on the

northern flank of the Montana El Boqueron near Villa del Monte (550/028).

General Appearance

Fresh samples of the gabbro are light to dark gray. The rock

weathers to a reddish-brown color, and the soils developed on this unit

are a deep rust-red. Fresh, unaltered gabbro is exposed in the Quebrada

El Zapotal at 556/025 (Plate Vllf ) . Hydrothermally altered gabbro float

is located at 572/003 along a probable thrust contact between Todos San

tos conglomerate and Atima limestone along the boundary between the

Agalteca and Vallecillo quadrangles. Logan (personal communication,

1982) noted that this altered gabbro is very similar in hand specimen to
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endoskarn (metasomatized diorite) associated with iron mineralized skarn

in the Santa Clara intrusive complex. Metallic deposits are not known

to be associated with the El Boqueron gabbro.

Intrusive Relationships

The contact between the gabbro and the Todos Santos conglomer

ate is moderately well exposed on a trail along a north- trending ridge

of the Montana El Boqueron at 556/029 and 551/027. The contact appears

to be an intrusive one, and there is no geomorphic or other evidence of

a fault at either locality. Reconnaissance in the vicinity of Puente-

citos (555/035) and El Olvido (545/038) in the southern part of the

Vallecillo quadrangle shows that gabbro is in intrusive contact with

Atima limestone at these localities. Field relations indicate that the

contact between Todos Santos conglomerate and Atima limestone in this

general area is a thrust fault. The El Boqueron gabbro appears to have

intruded both units along this thrust contact.

Lithology

The El Boqueron gabbro is medium- to fine-grained and has an

intergranular to sub-ophitic texture. It contains pigeonite, hypers

thene and plagioclase in the approximate ratios of 2:1:7. The An-con-

tent of the plagioclase is estimated at 58% (labradorite) by the Michel-

Levy method for low- temperature plagioclase (Jones and Bloss, 1980).

Age

The gabbro is younger than the thrust fault along which it was
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intruded, and therefore post-dates the development of the Montana de

Comayagua structural belt in this area. If the El Boqueron gabbro is

comagmatic with gabbro in the El Rosario quadrangle which yielded a

K-Ar age of 79.6+1.6 my (Sample 745, Appendix IV), then the structural

belt must have ceased activity in the Late Cretaceous. This contra

dicts evidence of early Tertiary wrench deformaton in the Siguatepeque

quadrangle. The El Boqueron gabbro is probably of early Tertiary age,

and unrelated to the gabbro in the El Rosario quadrangle.

Quartz-Porphyry Dikes

Felsic dikes intrude the Mesozoic sedimentary rocks and cross

cut the diorite, skarn and hornfels of the Santa Clara intrusive com

plex. The dike rock is light colored, ranging from white to light green

and weathers to a dark brown color, locally stained rust-red by iron

oxides. The rock is porphyritic, with abundant quartz phenocrysts set

in a recrystallized aphanitic groundmass.

The dikes typically intrude along the N60W-trending wrench

faults and the east-trending reverse faults. A few dikes intrude along

northeast-trending normal faults. The dikes are generally poorly ex

posed, but appear to be discordant, tabular bodies in most cases. The

quartz-porphyry dikes which cut the Santa Clara intrusive complex have

irregular, non-tabular shapes (Logan, 1983).

In thin section, the beta-quartz phenocrysts are euhedral and

deeply embayed. The groundmass is microcrystalline to cryptocrystalline

and has a weakly developed shear fabric which is probably a protoclastic

texture due to the emplacement of the viscous magma. Extensive shearing
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and granulation of the phenocrysts was not observed, suggesting that

these faults have not been active since the emplacement of the dikes.

Little can be said about the age of the dikes except that they cross

cut, and are therefore younger than the Santa Clara diorite, and that

they post-date movement along the Santa Maria and related faults.



STRUCTURAL GEOLOGY

GENERAL STATEMENT

The Agalteca quadrangle straddles the N60W- trending Montana de

Comayagua structural belt at a point equidistant between the Comayagua

and Talanga grabens of the Honduras Depression. The structural geology

of the Agalteca quadrangle provides important clues to the origin and

nature of the Montana de Comayagua structural belt and to its relation

ship to the Honduras Depression. This chapter begins with a description

of the Montana de Comayagua structural belt in three geographical areas,

from northwest to southeast: the Lake Yojoa, Montana de Comayagua and

San Juancito areas. The characteristics of the Laramide deformation in

these areas are compared to similar deformation in the vicinity of Minas

de Oro and Cedros, to the northeast of the Montana de Comayagua struc

tural belt. Many of the features described in this section are shown

in Plate III. The second section of this chapter describes in detail

the structural geology of the Agalteca quadrangle. The third section

suggests some possible mechanisms for the development of the structural

belt and the Honduras Depression, and discusses some of the implications

of these models for the post-Cretaceous structural history of northern

Central America.

97
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Montana de Comayagua Structural Belt

General Characteristics

The Montana de Comayagua structural belt was named by Fakundiny

(1970) and Everett (1970a) for the N60W-trending zone of metamorphic

basement uplifts and intensely deformed Mesozoic sedimentary rock which

is present in the El Rosario and Comayagua quadrangles. The character

istics of the belt, as described by Fakundiny (1970, p. 140-141) are:

(1) large, open east- trending folds, the Taulabe'
and Atima anticlinoria and possibly the meta

morphic highland (of the El Rosario quadrangle);

(2) tight, asymmetrical or overturned folds, usual

ly overturned to the south;

(3) a zone of high-angle reverse faults;

(4) intrusions of silicic igneous rocks as dikes,

plugs, and stocks; and

(5) hydrothermal alteration and base metal

mineralization.

The development of the Montana de Comayagua structural belt

post-dates deposition of the Valle de Angeles redbeds and is considered

Late Cretaceous to early Tertiary, or Laramide, by Fakundiny (1970,

p. 133). Everett (1970a, p. 73) stressed that the Mesozoic rocks were

folded, faulted and intruded prior to the deposition of the Tertiary

volcanics in the Comayagua quadrangle.

Fakundiny (1970) and Everett (1970a) suggested that the struc

tural belt extends a distance of 130 km from the structurally complex

Rosario mining district in the San Juancito Mountains near Tegucigalpa

to the Mochito mine just west of Lake Yojoa (Figure 7). They speculated
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that the structural belt may extend as far to the southeast as the

/

Yuscaran mining district, and their original description (quoted above)

included the Atima anticlinorium of Mills and others (1967) which lies

to the northwest of the Mochito area, so that the aggregate length of

the structural belt may exceed 200 km.

The width of the Montana de Comayagua structural belt is esti

mated by Fakundiny (1970, p. 140) and Everett (1970a, p. 74) at between

20 and 30 km, but they give no indication of how they define the limits

of the deformed belt. This estimate appears to be a measurement of the

width of the uplifted Paleozoic and Mesozoic outcrop belt in the vicin

ity of the Montana de Comayagua. Recent mapping of the Cedros, Minas de

Oro, and El Porvenir quadrangles has shown, however, that a broader zone

of deformation exists in which the basement and Mesozoic units are in

volved.

The width of the Montana de Comayagua structural belt is 60 to

80 km if the Minas de Oro, Cedros and El Porvenir quadrangles are in

cluded, measuring from the southwest corner of the Agalteca to the

northeast corner of the El Porvenir quadrangle. It is, perhaps, pref

erable to consider the Minas de Oro-Cedros mineralized zone as part of

a distinct, though genetically related, structural belt, because it

appears to have a different deformational history.

The zone of Laramide deformation may extend even further to

the northeast of the El Porvenir quadrangle, but reliable geologic maps

are not available for that area. It is probable that similarly de

formed Mesozoic rocks are present beneath the Cordillera de Montecillos,

the Montana Yerba Buena and the Montana de Upare, which are southwest



of the Montana de Comayagua structural belt, and trend roughly parallel

to it (Figure 7) . However, Mesozoic rocks exposed in the southwest

corner of the Comayagua quadrangle have northerly fold trends and are

not as tightly folded as the rocks typical of the Montana de Comayagua

structural belt (Everett, 1970a, p. 85). The lateral limits of the belt

are, as yet, poorly defined.

Lake Yojoa Area

Finch (1972) described in detail the Laramide structural fea

tures of the San Pedro Zacapa quadrangle, and to a lesser degree, the

structure of the adjacent Santa Barbara and Taulabe' quadrangles . A

geologic map of the Santa Barbara quadrangle by Finch is in progress.

Curran (1980) described the structure of the Siguatepeque quadrangle,

and to some extent, the structure of the Taulabe quadrangle. Detailed

geologic maps of the Taulabe and Santa Cruz de Yojoa quadrangles exist

(Curran, 1981b and 1981c) , but these unfortunately are not accompanied

by geologic reports . Many of the features described in this section

are shown in Plate III.

A broad, east-trending fold is developed in the Mesozoic sedi

ments in the eastern third of the San Pedro Zacapa quadrangle (Finch,

1972, p. 124) . This fold is cut longitudinally by the N60W- trending La

Boquita-El Milagro fault system. The north limb of the fold is a broad,

gently north-dipping ridge of Atima limestone. To the south of the

fault is a broad syncline of Valle de Angeles Group sediments. The

anticlinal fold hinge appears to have been faulted out. The fold ex

tends eastward into the Taulabe quadrangle where it apparently becomes



part of the Los Jardines anticline of Mills and others (1967, p. 1742).

South of the Los Jardines structure is another fold, the Taulabe-Agua

Dulcita anticline of Mills and others which is said to trend 30 km

eastward into the El Rosario quadrangle (Mills and others, 1967,

p. 1742; Finch, 1972, p. 125). The geologic map of the Taulabe' quad

rangle (Curran, 1981b) does not show a through-going fold in this very

complex area, but a series of complexly faulted, discontinuous folds

with variable trends can be discerned from the changes in dip of the

highly faulted Mesozoic rocks. Curran (1980, p. 172) noted that "the

segmented nature of the Taulabe anticline may be an original feature of

this structure", and he related it (Figure 26, p. 171) to N60W-trending

right- lateral strike-slip faulting of Laramide age.

The only asymmetric folds reported in the Lake Yojoa area are

minor kink folds, some of which appear to be related to the intrusion

of an igneous body (Finch, 1972, p. 128, 148) . No overturned folds are

mapped in the area.

The major Laramide faults in the Lake Yojoa area are N60W-

trending high-angle faults which are upthrown to the northeast. Finch

(1972, p. 139-140, 60) documented vertical displacement on the La Bo

quita-El Milagro fault system which clearly predates the formation of

the Santa Barbara graben and which may have occurred while Valle de

Angeles redbeds were still being deposited. This fault is truncated by

or joins the N30W-trending Santa Barbara fault which is part of the

Honduras Depression. Curran (1980, p. 139, Figure 26) described N60W-

trending Laramide faults in the Taulabe quadrangle which show several

kilometers of right-lateral strike-slip displacement. It is not known



how he constrains the age or displacement of these faults.

Reverse faults are present in the Taulabe and Siguatepeque

quadrangles and involve rocks as young as the Agua Dulce volcanics

(Matagalpa equivalents) of presumed early Tertiary age (Curran, 1980,

p. 170, 172). These faults are east-trending and parallel the flanks

of a highly disturbed, grossly anticlinal uplift of Mesozoic sediment

ary rocks along the southern edge of the Taulabe quadrangle. The width

of the disturbed zone is approximately 5 km. Thrusts verge to the

south along the south flank and to the north along the north flank of

the uplift. There appears to be another less complexly faulted, east-

trending, grossly anticlinal structure in the central part of the Tau

labe quadrangle. These structures are believed to correspond to the

Taulabe-Agua Dulcita and Los Jardines "anticlines" respectively.

The mineral deposits of the Lake Yojoa area are summarized in

Table 3. The El Mochito deposit is associated with a diorite intrusion

and is mineralized with galena, sphalerite, argent ite, and native sil

ver (Finch, 1972, Table 1). Roberts and Irving (1957, p. 182) reported

that the mine has also produced some gold. Fakundiny (1970, p. 131)

believed the El Mochito deposit to be of Laramide age. Finch (1972,

p. 140) stated that a Laramide age for the El Mochito diorite is not

well documented, and suggested that it may be a late Tertiary intru

sion, and therefore unrelated to the Montana de Comayagua structural

belt as defined by Fakundiny (1970) and Everett (1970a). The Quita

Gana deposit in the La Union quadrangle is mineralized with zinc, cop

per and silver (Roberts and Irving, 1957, p. 182), but I have been un

able to learn of its age or relationship to intrusive rocks. Curran



TABLE 3

BASE METAL AND PRECIOUS METAL DEPOSITS OF CENTRAL HONDURAS

SITE

Quita Gana

El Mochito

Opoteca

Las Characas

Agalteca

Jalaca

Minas de Oro

Cedros

El Rosario

Yus caran

QUADRANGLE METALLIC OCCURRENCES

La Union Cu , Zn , Ag

Santa Barbara Pb , Zn, Ag, Au

El Rosario

Comayagua

Agalteca

Talanga

Pb, Cu

Pb, Cu, Ag

Fe

Hg

Minas de Oro Cu, Au

Cedros Sb, Ag, Pb, Zn

San Juan de Au, Ag, Pb, Zn, Cu

Flores

Yus caran Ag, Au, Pb, Zn, Cu

ASSOCIATION

andesite, rhyolite dikes

diorite intrusion (?),

rhyolite dikes

rhyolite dikes

quartz diorite dike

diorite intrusion

veins in fractured, sil-

cified limestone

granodiorite intrusion

quartz veins, andesite

porphyry intrusion

andesite, dacite and

granodiorite intrusions

quartz veins, andesite

intrusion (?)

AGE

post-Cenomanian

late Cenozoic

Laramide

Laramide

Laramide

Laramide (?)

Paleocene

early Tertiary

middle Miocene

Tertiary (?)

Sources : Finch (1972, Table 1; personal communication, 1983), Roberts and Irving (1957),
and reports listed in Table 1.



(1980) did not report on the economic geology of the Siguatepeque or

Taulabe quadrangles.

Montana de Comayagua Area

For the purpose of this discussion, the Montana de Comayagua

area will be considered to include the El Rosario, Comayagua, Valle

cillo, Agalteca and Talanga quadrangles. Geologic maps by Fakundiny

(1971), Everett (1970b), Emmet and Logan (this report) and King (1972a)

are compiled in Plate III.

The major structural features in this segment of the Montana

de Comayagua structural belt are a series of N60W-trending high-angle

faults. Stratigraphic displacement across these faults is generally

up to the northeast. These faults include the Tierra Blanca-El Higuero

fault system, the Santa Maria fault and the Jalaca fault which cross

the area from the northwest corner of the El Rosario quadrangle to the

southeast corner of the Talanga quadrangle in a left-stepping, en eche

lon fashion. The Tierra Blanca-El Higuero fault system is herein named

for the series of N60W-t rending fault segments which are present from

Tierra Blanca in the El Rosario quadrangle to El Higuero in the Agalteca

quadrangle. This fault system includes a segment of the Cacaguapa fault

of Fakundiny (1970).

The major folds exposed in the area include the east-trending

Taulabe' and northeast-trending Cacaguapa anticlines in the El Rosario

quadrangle. Fakundiny (1970, p. 131) noted that the orientations of

these two structures are different, and attributed the Cacaguapa anti

cline to a pre-Mesozoic deformation. However, a northeast-trending,



faulted syncline appears to be present in Valle de Angeles strata in

the vicinity of El Junco. For convenience, this feature will be re

ferred to as the El Junco syncline in this report. This fold trends

perpendicular to the strike of a zone of high-angle reverse faults in

the vicinity of the Opoteca mine, which suggests that the Mesozoic rocks

underwent multiple deformations, or that the local stress field was ex

tremely inhomogeneous .

In the northern part of the Comayagua quadrangle the Valle de

Angeles and La Sabana synclines (named herein for convenience of refer

ence) trend east and are overturned to the south. These folds are re

lated to south-verging, low-angle reverse faults which thrust units as

old as metamorphic basement over units as young as the Valle de Angeles

Group (Fakundiny and Everett, 1976, Figures 3 and 8). These thrusts

die out to the east or are truncated by the Tierra Blanca-El Higuero

fault system.

In the northeast part of the Comayagua quadrangle, a wide zone

of mostly upright, east-trending folds is present. The folds continue

into the northwest part of the Agalteca quadrangle and become tighter

and more asymmetrical in the vicinity of the El Higuero and Santa Maria

faults. This complex series of folds has a grossly anticlinal character

and I have named it the Rio Blanco anticline for the nearby village of

Rio Blanco.

A broad, complexly faulted syncline is present in Valle de

Angeles strata in the southwest part of the Agalteca quadrangle, and

probably continues into the Talanga quadrangle. This structure is named

the Pueblo Nuevo syncline for the nearby village of that name.



An east-trending, asymmetrical anticline is present in Valle de

Angeles strata just east of Vallecillo in the Vallecillo quadrangle.

The fold is overturned to the north and is related to a major reverse

fault which thrusts Todos Santos and Atima strata to the north over

Valle de Angeles redbeds. This structure is referred to as the Valle

cillo anticline.

Thrust faults and high-angle reverse faults are abundant in the

Agalteca quadrangle and, in general, are north-verging to the north of

the Santa Maria fault, and south-verging to the south of the Santa Maria

fault.

In the Talanga quadrangle a number of small, unnamed synclines

are present to the north of the Jalaca fault which appear to be related

to local thrusting. A larger, northwest-trending syncline is present

in the Valle de Angeles strata in the southeast corner of the quadrangle

near the village of Chandala. For convenience, this structure is named

the Chandala syncline.

In the vicinity of El Estero in the south-central part of the

Talanga quadrangle a very complexly folded section of Atima limestone

is well exposed in the roadcut of the new Olancho highway approximately

6 km southwest of Talanga. A brief reconnaissance of the area did not

allow the determination of the overall geometry of the structure, but it

is suspected to be the southwest-dipping flank of a faulted, east-trend

ing synclinorium. Folds are overturned to the north and south in the

vicinity of El Estero, but appear to be overturned consistently to the

south in the vicinity of Las Quebradas on the old Olancho highway and

in the vicinity of the Rio Cuyametepe (King, 1972a; grid squares 88/89
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and 89/89). The contact between the Mesozoic units and the metamorphic

basement appears to be a steeply south-dipping normal fault where it is

exposed in the roadcut at El Estero on the new highway (858/908, Talan

ga quadrangle) . Two hundred meters north of this contact on the new

highway (860/910, Talanga quadrangle) are well-exposed, moderately

north-dipping shear planes which are parallel to the regional dip of

foliation in the metamorphic basement and which show indications of re

verse movement (Plate VIII a-d) . These are believed to be synthetic

shears to an underlying thrust fault which either turns vertical at the

contact at 858/908, or is truncated by a younger normal fault. Nearby,

in the vicinity of Las Quebradas (Las Curadas of Wilson, 1974), the

contact between the Mesozoic units and the metamorphic basement was

interpreted by Wilson (1974) as a northeast-dipping thrust fault (Plate

Vllle) . An understanding of the nature of this contact and of the struc

ture of this complex area is critical to an understanding of the under

lying structure of the Montana de Comayagua structural belt.

Intrusive rocks in the Montana de Comayagua area include gran

ite, granodiorite, diorite, and gabbro. In the Comayagua quadrangle

the intrusive rocks appear to have been emplaced along pre-existing

anticlinal axes, and therefore post-date early Laramide folding (Everett,

1970a, p. 81). The only intrusive rock to be isotopically dated is a

gabbro dike from the El Rosario quadrangle. A hornblende separate

yielded a 79.6+1.6 my age for this sample by the K-Ar method (Sample

745, Appendix IV). Field relations are equivocal, but suggest that this

is the youngest intrusive rock in the El Rosario quadrangle.

Metallic occurrences in the Montana de Comayagua area are



PLATE VIII

STRUCTURE: TALANGA AREA

A. View to the west of a thrust fault in the metamorph

ic basement exposed in a roadcut 3 km south of Agua

Blanca on the new Talanga Highway (860/910, Talanga

quadrangle). The main fault dips gently to the north

(right) and is parallel to the metamorphic foliation.

A zone of crushed, powdered rock, 0.5 m thick, is

present below the fault plane. A minor high-angle re

verse fault intersects the thrust fault in the left-

hand part of the photograph. A younger normal fault

is present still farther to the left.

B. View to the west of a kink fold in the metamorphic

basement exposed in the roadcut described in A, above.

Photographs A and B provide a panorama of this out

crop. The kink fold is asymmetric, overturned to the

south (left) , and has an amplitude of approximately
2 m. The sense of shear, or rotation, of the fold is

consistent with reverse movement of the fault in A.

C. Schematic line drawing of -the structures described in

A, above. Dashed lines are prominent fractures and

may be synthetic shears to the thrust fault.

D. Schematic line drawing of the structures described

in B, above.

E. Structure section D-D' from Wilson (1974) showing
his interpretation of the structure in the vicinity
of Las Curadas (Las Quebradas) , approximately 2 km

southeast of the outcrop described in A and B,
above. Wilson interprets a low-angle thrust of the

metamorphic basement to the south over the Mesozoic

formations. His Talanga and Cantarranas Formations

at this locality correspond to the Atima Formation

and Valle de Angeles Group, respectively, of Finch

(1981).
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PLATE VIM
STRUCTURE: TALANGA AREA

CANTARRANAS FORMATION

PLANCITOS ?

SW

scale Talanga Road Section Through Las Curadas (Wilson, 1974, Fig. 22)



numerous (Table 3) , and include several mines which have been worked

profitably in the past. In the El Rosario quadrangle the Opoteca mine

is associated with rhyolite dikes which intrude limestone along high-

angle reverse faults, and is mineralized with argentiferous galena

(Roberts and Irving, 1957, p. 178-179).

In the Comayagua quadrangle, the Las Characas mine is associat

ed with a diorite intrusion. Copper carbonates, chalcopyrite, chalco-

cite, and galena are present in a quartz vein localized along a fault

in silicified limestone (Everett, 1970a, p. 100).

In the Agalteca quadrangle, the Agalteca magnetite deposit is

a replacement skarn related to the contact metamorphism and metasoma

tism of Atima limestone adjacent to diorite. Logan (1983) described

this deposit in greater detail.

Mercury concentrations are present in the vicinity of Jalaca

in the Talanga quadrangle. The La Canada and Los Izotes mines of this

district are mineralized by cinnabar and native mercury (Roberts and

Irving, 1957, p. 169-172). No intrusion is known to be associated with

these deposits.

San Juancito Area

The structural geology of the San Juancito area has not been

studied in great detail. Carpenter (1954) mapped the surface and sub

surface geology in the vicinity of the El Rosario mine at a scale of

1:24,000, but his observations were primarily concerned with the intru

sive relationships and mineral deposits. It is clear that the Early



Jurassic (?) El Plan Formation is complexly folded and that the major

fold hinge trends northeast (Carpenter, 1954, Plate 1). Carpenter

(p. 31) stated that folding originated before Laramide time, but may

have subsequently been intensified. Normal faults trend to the north,

northeast and east, and post-date the intrusive rocks. No reverse

faults were recognized.

A complex suite of intermediate intrusive rocks is present in

the area which may be related to a single batholith at depth. The

Escobales granodiorite has been dated by a K-Ar determination on biotite

yielding an age of 15.5+0.2 my (Sample F-4, Appendix IV). Carpenter

recognized the late Tertiary age of the Escobales granodiorite and

stated (p. 31) that the mineralization was related to this intrusive

event. Therefore, the mineralization in the San Juancito area was not

directly related to Laramide intrusive activity and Laramide deformation.

The major vein minerals of economic interest in the El Rosario

mine include sphalerite, chalcopyrite and galena. Argentite, native

silver, and native gold are minor constituents (Carpenter, 1954, p. 35).

Minas de Oro-Cedros Area

Three quadrangles which lie to the northeast of the Montana de

Comayagua area, the Cedros (King, 1973), Minas de Oro (Atwood and oth

ers, 1976), and El Porvenir (Simonson, 1981) quadrangles, show deforma-

tional characteristics very similar to those outlined by Fakundiny for

the Montana de Comayagua structural belt (Plate III) . It is difficult

to assess the trend of the deformation in this area because reliable

geologic maps do not exist for the areas along strike to the northwest



and southeast. However, an abundance of N40-70W-trending high-angle

faults with the upthrown block to the northeast are present, especially

in the El Porvenir quadrangle.

Large, open folds are present in the Mesozoic rocks in all

three quadrangles. In the Minas de Oro quadrangle the Sompopero anti

cline and the San Luis syncline are east-trending. The Sompopero anti

cline is locally overturned to the south. In the El Porvenir quadrang

le, the Palomar syncline is an open, east-trending fold, and the Guate-

malita syncline is a tighter, northwest-trending fold which is slightly

overturned to the northeast. In the Cedros quadrangle the Los Portillos

anticline trends northwest and the Suyatal syncline trends east. Both

folds appear to be upright.

The only reverse fault mapped in the area trends northwest in

the Minas de Oro quadrangle, and thrusts rocks as old as Valle de Ange

les redbeds to the southwest over Padre Miguel ignimbrites. It is in

terpreted as a high-angle reverse fault by Atwood (1972, Plate II,

Structure Section A-A'), and is the only documentation of post-Padre

Miguel reverse faulting in central Honduras, other than speculations in

this report and by Logan (1983) . The reverse fault post-dates folding

in the Mesozoic rocks, which were deformed prior to the intrusion of

the Late Cretaceous Minas de Oro granodiorite. The fault is notable

because it suggests basement involvement in post-Padre Miguel deforma

tion.

The Minas de Oro granodiorite has been dated by the K-Ar method

at between 55 and 60 my (Sample 3-70-4, Appendix IV), and is associated

with hydrothermal alteration (Atwood, 1972, p. 60). Copper occurrences



and gold placers are present in the area (Roberts and Irving, 1957,

p. 61, 184). The San Ignacio granodiorite in the El Porvenir and Ced

ros quadrangles has been dated at approximately 120 my (Sample SI-1,

Appendix IV) and is therefore pre-Laramide . I am not aware of any min

eral occurrences associated with the San Ignacio pluton. Base metal

occurrences however, are present in the Cedros area (Roberts and Irving,

1957, p. 44, 179) and are associated with an andesite porphyry of un

determined age (King, 1972b). This porphyry may be related to nearby

Matagalpa Formation andesite flows of probable early Tertiary age.

Simonson (1977) does not report on mineral occurrences in the El Por

venir quadrangle.

STRUCTURAL GEOLOGY OF THE AGALTECA QUADRANGLE

General Statement

In the Agalteca quadrangle, Mesozoic sedimentary rocks are com

plexly folded and faulted. Tertiary volcanic rocks unconformably over

lie the deformed Mesozoic rocks and are gently warped and highly faulted.

The dominant structural features of the Agalteca quadrangle are

the N60W-trending Santa Maria and El Higuero faults which are believed

to be major wrench faults, and which have lengths of 25 and 15 km,

respectively, within the Agalteca quadrangle. High-angle reverse

faults, thrust faults and folds are east-trending and appear to be

genetically related to the major N60W-trending faults. Reverse faults

and thrust faults extend from 5 to 15 km along strike. The major folds

have a structural relief of 1 to 2 km and a strike length of 10 to 15



km. Two generations of northeast-trending, high-angle faults are

present. The older faults are truncated by, or die out into the major

N60W-trending faults and appear to be genetically related to them. The

younger northeast-trending faults truncate all of the Mesozoic struc

tures and are well developed in the Tertiary volcanic rocks. The most

prominent of these faults ahve lengths of 10 to 15 km within the Agal

teca quadrangle.

Faults

Two dominant fault trends are present in the Agalteca quad

rangle (Figure 12) . The northwest-to-west-trending fault maximum of

the rose diagram represents the Santa Maria and El Higuero faults and

related high-angle reverse faults and thrust faults. Included in this

group are northwest-trending minor right-lateral wrench faults (Table 4;

Figure 13), and N60W-trending normal faults. The northeast-trending

maximum represents normal faults and minor left-lateral wrench faults

(Table 4; Figure 13).

Northwest-to-West-Trending Faults

The most important faults of this group are the Santa Maria

and El Higuero faults which appear to be part of a continuous system of

N60W-trending faults which extends at least 130 km from the Talanga

quadrangle to the San Pedro Zacapa quadrangle. The Santa Maria and El

Higuero faults generally have linear traces across rugged topography

which indicates that they are vertical or near-vertical faults. Verti

cal displacements across these faults are estimated at 500 to 1500 m,
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Figure 12a. Fault map of the Agalteca quadrangle.

N50-70W

N20-50E

Figure 12b. Rose diagram for 170 faults and fault seg

ments, presented in 10 degree increments. No

weighting factor was used for fault displacement;

the magnitude reflects the length of the fault

trace on the surface. Irregular faults were assigned

an average azimuth or were broken into two or more

segments measured separately.



TABLE 4

WRENCH FAULT DATA

Faults have horizontal or subhorizontal slickensides or other tectonic

lineations and/or offset contacts which indicate strike-slip displacement.

LOCALITY STRIKE

C. La Guama N25W

C. El Ingenio N30E

near Nocoro N50E

near iron deposit N75E

Las Vegas (715) N76W

C. La Guama (721) N55W

C. La Guama (721) N44W

Las Vegas (726) N37W

Caliches Blancos (444) N30W

Las Delicias (476) due N

Las Vegas (718) N70E

various; the Santa N60W

Maria and El

Higuero faults

WRENCH CRITERION

offset contacts

offset contacts

offset contacts

PROBABLE

SLIP SENSE

dextral

sinistral

sinistral

sinistraloffset contacts

subhorizontal slicks dextral

subhorizontal slicks dextral

subhorizontal slicks dextral

subhorizontal slicks dextral

subhorizontal slicks dextral

subhorizontal slicks unknown

horizontal slicks sinistral

association with

documented wrench

faults

dextral

TYPE OF FAULT

high- < wrench

high- wrench

high- ^ wrench

high-
^- wrench

high- *- wrench

high-
*~ wrench

high- *- wrench

low- /- oblique
wrench

vertical wrench

high- *- wrench

high- *- wrench

high- < wrench

REMARKS

near Loc. 721

none

offsets Santa

Maria fault

none

within or

adjacent to

Santa Maria

fault zone

none

none

near Santa

Maria fault

*The Santa Maria fault is parallel to the trend of lineations at Loc. 726 and 569, and sub-

parallel to those at 721 and 715 (Figure 13) . The El Higuero fault is an analogous
structure; both are probably major wrench faults.



LOC. 726 LOC. 44 4

LOC. 569

'.i L ^ A.

/ x*

LOC. 237

LOC. 376

Figure 13. Wrench-related lineations. Slickensides, minor fault planes and

other tectonic features are shown with respect to major faults. All

stereodiagrams are lower hemisphere, equal-area projections.



and the upthrown block is nearly always to the northeast.

The Santa Maria and El Higuero faults are believed to be wrench

faults. Unfortunately, there is no direct evidence such as offsets

along the fault traces or slickensided N60W-trending fault surfaces to

document this belief. However, several minor wrench faults are docu

mented in close proximity to the Santa Maria fault (Table 4; Figure 13).

Subhorizontal slickensides and other tectonic lineations on these fault

planes trend parallel or subparallel to the strike of the Santa Maria

faults, which strongly suggests that the Santa Maria fault (and by anal

ogy the El Higuero fault) has experienced strike-slip motion (Figure

13; Plate IXa) . A strain analysis of the minor wrench faults and

other structures related to the major N60W-trending faults (discussed

in the next section) is generally compatible with right-lateral strike-

slip displacement along the Santa Maria and El Higuero faults during

the Laramide deformation.

The structural belt associated with the Santa Maria and El

Higuero faults is grossly anticlinal in cross section. Extending from

these faults are subsidiary high-angle reverse faults which shallow in

to thrust faults away from the axis of the zone of deformation (Plate

II, Structure Sections A-A' through E-E'). In map view, the subsidiary

reverse faults trend west-northwest to west, and intersect the master

N60W-trending faults at angles of 25 to 30 degrees. Some high-angle

normal faults and listric normal faults parallel the N60W-trending

master faults along the strike of the deformed zone.



PLATE IX

STRUCTURE: FAULTS

Horizontal and sub-horizontal slickensides on a

northeast-trending, near-vertical wrench fault

in Todos Santos pebble conglomerate near Las

Vegas at 519/019. Pencil for scale. These

lineations are stereographically plotted in

Figure 14 (locality 718).

Large, deformed block of Todos Santos pebble

conglomerate in a sheared, shaly matrix in

fault zone at 670/988. This fault- is mapped

by Logan (1983) as a thrust. Hammer handle

is 30 cm in length. (Photograph courtesy of

W. S. Logan).

Slabbed hand specimen of boudinaged and kink-

folded Todos Santos conglomerate from1 the

fault-block in B, above.

View to south of the slickensided surface of

a minor south-verging thrust fault in conglom
erate of the Valle de Angeles Group at 691/931.
Pencil is parallel to slickensides. These

lineations are stereographically plotted in

Figure 14 (locality 237).

Minor high-angle reverse fault in conglomerate
and siltstone of the Valle de Angeles Group at

691/931. Fault plane is slickensided (not
shown in photograph) . View is to west

, and

fault verges to the south (left) . Macfcete is

approximately 1 m in length. Same- outcrop as

D
, above .

Schematic line drawing of structures described

in A, above.
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FAULTS



Santa Maria Fault System

The Santa Maria fault trends N60W across the entire Agalteca

quadrangle from 488/029 to 730/930. Good examples of the geometrical

relationships between the major and subsidiary faults may be seen in

the vicinity of Nocoro (574/988) where a west-trending high-angle fault

intersects the Santa Maria fault at an angle of approximately 25 de

grees. This fault is not unequivocably a reverse fault, because its

extremely linear trace does not clearly show the direction of dip of

the fault. It is believed to dip steeply to the south and is there

fore interpreted as a high-angle reverse fault which juxtaposes Todos

Santos conglomerate over Atima limestone and Valle de Angeles redbeds

in the vicinity of La Vereda (598/987). To the north, farther from the

master fault, the sinuous trace of another subsidiary fault is present

on Cerro El Pozo (612/003) . A moderate south dip is indicated by the

rule of V's for the trace of the fault in the small drainage at this

location. This is clearly a reverse fault, and steeply north-dipping

Todos Santos conglomerate is structurally juxtaposed above moderately

south-dipping Atima limestone. Along strike to the east in the vicinity

of La Sabana de Los Caliches Blancos (640/002), a folded section of

south to southwest-dipping lower Atima limestone conformably overlies

southwest-dipping Todos Santos conglomerate. The normal stratigraphic

sequence is present up through the shale member of the Atima Formation

at 638/998, before the section is truncated by the eastward continuation

of the reverse fault described above, and structurally overlain by Todos

Santos Formation conglomerate. Farther to the north, at 618/012, a



similar reverse fault contact is present where south-dipping Todos San

tos conglomerate structurally overlies north to northeast-dipping Atima

limestone and Valle de Angeles redbeds. The extreme irregularity of

this contact and its relationship to topography, especially in the

Quebrada de Nocoro (611/011), and on Cerro Banaderos (615/018), indi

cates that the fault contact is shallowly south- to southwest-dipping

in those areas. To the east, toward Zinguizapa, blocks of Atima lime

stone are present in the thrust contact between Todos Santos conglomer

ate and Valle de Angeles redbeds (630/011, 643/004 and 651/000). In

the vicinity of Trinidad de Quebradas (627/023), still another south-

dipping, low-angle reverse fault is present with Atima limestone and

dark gray shale thrust north over Valle de Angeles redbeds. A large,

highly deformed, vertically-dipping limestone block is present at the

fault contact at 620/026. This fault is covered to the east by volcan

ic rocks of the Matagalpa Formation and Padre Miguel Group, and extends

to the northwest at least as far as Vallecillo. The relationships

described above and the interpretation of the subsurface geometry of

these faults are shown in Structure Section C-C (Plate II).

Another example of the relationship between the Santa Maria

fault and subsidiary reverse faults may be seen in the vicinity of Las

Vegas and Cerro La Guama. High-angle east- to east-northeast-trending

faults cross rugged topography with gently arcuate traces and intersect

the Santa Maria fault at 517/016 and 533/007, respectively, at angles

of approximately 25 degrees. These faults are believed to be steeply

north-dipping reverse faults which juxtapose Todos Santos conglomerate

over Atima limestone and Valle de Angeles redbeds. To the south of



these faults, a discontinuous, roughly east-trending series of Atima

limestone outcrops is present from 499/989 to 563/975. This Atima

trend is believed to be the expression of a steeply north-dipping re

verse fault which thrusts Atima limestone to the south over Valle de

Angeles redbeds. This relationship is shown for the Atima outcrop at

499/989 in Structure Section B-B' (Plate II). To the east, continuous

exposure of this Atima limestone trend is present from 576/973 to 620/

955 in the vicinity of San Cristobal. The fault contact exposed in the

small drainages at 588/969 and 592/968 follows the rule of V's for a

steeply north-dipping plane, indicating that the Atima limestone is

thrust to the south over Valle de Angeles redbeds (Structure Section

C-C', Plate II). It should be noted that this subsidiary fault does

not intersect the Santa Maria fault
, but appears to die out where the

folded Atima limestone plunges beneath the Valle de Angeles redbeds at

620/955. This fault may intersect the Santa Maria fault in the sub

surface.

In the northeastern part of the Agalteca quadrangle, high-

angle reverse faults and thrust faults are exposed only in a few places,

and may be covered by volcanic rocks and alluvial terrace deposits.

Logan (1983) reported large blocks of boudinaged and kink-folded Todos

Santos conglomerate in a highly sheared, kink-folded shaly matrix

(Plate IXb,c) at 670/988, along a N60W-trending contact between Todos

Santos conglomerate and Padre Miguel Group volcanics. This contact is

directly along strike of the thrust contact between Todos Santos con

glomerate and Valle de Angeles redbeds in the vicinity of Zinguizapa

(650/000) ,
and Logan mapped the conglomerate-volcanic contact here as a



thrust fault. It is not possible to follow a thrust contact from Zin-

guizapa to this locality because of the presence of alluvial terrace

deposits, and the nature of this contact remains unclear. Field rela

tions elsewhere in the quadrangle and in most places in central Honduras

suggest a profound angular unconformity between the Mesozoic sediment

ary rocks and the late Tertiary ignimbrites, which implies that the

Laramide deformation predated the deposition of the oldest rocks of the

Padre Miguel Group. Thrust faulting between Mesozoic rocks and Padre

Miguel Group ignimbrites is documented in the Minas de Oro quadrangle,

but is related to a separate and younger deformation than the Laramide

event. The same may be true of this contact. However, it is more like

ly that the contact is a minor normal fault or perhaps a depositional

contact in which the Padre Miguel volcanics overlie a thrust contact

between the Todos Santos and Valle de Angeles formations.

At 684/977, skarn and hornfels of the Santa Clara intrusive

complex are thrust to the northeast over silicified Atima limestone

(Structure Section D-D', Plate II). Roberts and Irving (1957) mapped

this contact as a southwest-dipping normal fault. South of the Santa

Maria fault, south- to southwest-dipping redbeds of the lower Valle de

Angeles Group are thrust to the south over northeast-dipping Esquias

limestone, and redbeds of the upper Valle de Angeles Group from at

least 659/929 to 680/914. The fault plane is not exposed, but is be

lieved to dip steeply to the north (Structure Section D-D', Plate II).

Minor reverse faults related to this thrust are documented in Plate IXd,

e and f.

West- to northwest-trending normal faults are best developed in



the eastern part of the Agalteca quadrangle, especially in the vicinity

of the Santa Clara intrusive complex. On Cerro Caliche Rabon, from

650/990 to 670/980, a steeply southwest-dipping normal fault juxtaposes

shallowly southwest-dipping Todos Santos conglomerate and steeply north

east-dipping Atima limestone. A similar relationship is present on Cer

ro El Ingenio at 690/958. On Cerro Tenistepe (710/940) a northeast-

dipping section of Todos Santos conglomerate and Atima limestone is re

peated by a southwest-dipping normal fault (Structure Section E-E',

Plate II) . South of the Santa Maria fault two northwest-trending normal

faults are present. Both are poorly exposed, but are recognized be

cause they juxtapose northeast-dipping redbeds of the upper Valle de

Angeles Group against generally southwest-dipping Esquias limestone.

The changes in dip and lithology are continuous for 5 to 10 km. The

first fault is present from Los Planes (635/932) to El Guachipilm

(692/892). The second fault is present from El Pito (635/925) to Mon

tana Vieja (670/891). Both faults are believed to dip steeply to the

northeast, as shown on Structure Section D-D' (Plate II).

El Higuero Fault System

The El Higuero fault trends N60W to west in the Agalteca quad

rangle from 610/945 to 462/005. Subsidiary reverse faults trend sub-

parallel to the El Higuero fault at 480/982, 478/977 and at 485/963, all

in the general vicinity of the village of El Higuero. The north dips

of the fault planes are clearly shown by the rule of V's at the first

two localities where the fault traces cross deeply incised valleys.

These relationships are shown on Structure Sections A-A' and B-B'



(Plate II). In the vicinity of La Puerta (560/958), Todos Santos con

glomerate and Atima limestone are thrust to the north over Valle de

Angeles redbeds along a south-dipping high-angle reverse fault. In the

vicinity of El Injerto (555/943) Todos Santos conglomerate and Atima

limestone are thrust to the south over Valle de Angeles redbeds along

a north-dipping high-angle reverse fault. This reverse fault is trun

cated by a west-northwest-trending, north-dipping normal fault at

572/942. These relationships are shown in Structure Section C-C

(Plate II).

Along strike to the north of El Arenal, the trace of the El

Higuero fault curves and trends east, and appears to become a high-

angle reverse fault juxtaposing kink-folded Atima limestone over less

deformed Valle de Angeles redbeds at 600/549. To the south of El Are

nal, a steeply north-dipping reverse fault thrusts Todos Santos conglom

erate over Valle de Angeles redbeds at 595/940. Todos Santos conglom

erate is in normal-fault contact with Atima limestone to the north,

similar to the relationship at El Injerto.

The El Higuero fault appears to die out at 610/945, and may

intersect the Santa Maria fault in the subsurface.

El Cantoral Fault

The El Cantoral fault trends N60W in the Agalteca quadrangle

from 686/846 to 590/890. It appears to be a near-vertical normal fault

with the downthrown block to the southwest. The fault juxtaposes Valle

de Angeles redbeds and Padre Miguel ignimbrites in the vicinity of

630/872 on the Montana de Corralitos. Near the village of El Cantoral,



northeast-dipping Atima limestone is in fault contact with southwest-

dipping Valle de Angeles redbeds (Structure Section E-E', Plate II).

Other Northwest-Trending Faults

A N60W-trending normal fault, with the down-thrown block to the

southwest, is present in the southwest part of the Agalteca quadrangle

from 590/846 to 461/920. In the vicinity of 550/867, south-dipping

Padre Miguel Group rhyolitic ignimbrites are in fault contact with

northeast-dipping tuffaceous sediments of the Tenampua beds of the

Padre Miguel Group. In the northeast corner of the quadrangle, N60W-

trending normal faults are present in the vicinity of Chirinos at 700/

020 and 720/020. They appear to be near vertical, and the downthrown

block is probably to the northeast.

Northeast-Trending Faults

A well-developed set of N20E to N50E-trending faults cuts Meso

zoic sedimentary rocks and Tertiary volcanic rocks roughly perpendicu

lar to the N60W trend of the major faults. The northeast-trending faults

have linear traces across rugged topography and are therefore near-ver

tical. Considerable dip-slip displacement is present judging from the

large stratigraphic displacements across these faults (Structure Sec

tions F-F' and G-G', Plate II). Some northeast-trending faults appear

to have undergone minor left-lateral strike-slip displacement, as indi

cated by subhorizontal slickensides and offset contacts (Table 4;

Figure 13) .



Two generations of northeast-trending faults are present. Ex

amples of the older faults are present in the vicinity of the iron de

posit at 657/961, 661/953 and 663/948. These faults are northeast-

trending, but curve to the west and die out in the vicinity of the San

ta Maria fault. Just south of the Santa Maria fault at 643/951 and

650/948 two northeast-trending faults curve to the east before dying

out in the vicinity of the Santa Maria fault. The sigmoidal shape of

these northeast-trending faults is typical of antithetic shears which

develop early in the formation of a wrench zone, and which are subse

quently truncated and deformed by the development of a through-going

wrench fault (Wilcox and others, 1973, p. 82) which in this case is the

Santa Maria fault. The reverse S-shaped curvature of these faults is

consistent with right-lateral wrenching, according to Wilcox and others

(1973).

An example of the younger northeast-trending faults is the

fault which offsets the Santa Maria fault left-laterally in the vicini

ty of Nocoro (575/988) . This is one of the better developed northeast-

trending faults in the Agalteca quadrangle, and it also cuts the Ter

tiary volcanic rocks.

Most of the northeast-trending faults appear to be normal

faults, but some wrenching has apparently occurred along this trend dur

ing both episodes of faulting. Logan (1983) mapped two northeast-

trending right-lateral wrench faults in the iron deposit area. There

is little doubt that these are wrench faults, but right-lateral shear

along this trend is very anomalous with respect to the bulk of data from

elsewhere in the quadrangle (Table 4) ,
and these are more likely to be



left-lateral shears, or the product of a different deformation. Right-

lateral shears might have developed locally during the intrusion of the

Santa Clara diorite.

Geomorphic evidence suggests that some of the northeast-trend

ing faults are very young, for they have a well defined topographic ex

pression. The present drainage system is dominated by deeply incised

northeast-trending valleys which coincide in places with the traces of

northeast-trending faults.

In the southwest part of the Agalteca quadrangle, basalt of

probable Tertiary age is localized along vents which are controlled by

northeast-trending faults at 579/921 and 540/885.

Folds

Folding is present in the Agalteca quadrangle at scales rang

ing from centimeters to kilometers in wavelength. The largest folds

are the Rio Blanco anticline and the Pueblo Nuevo syncline which have

half-wavelengths of 5 to 10 km and structural relief of 1 to 2 km. The

most commonly exposed folds are megascopic parasitic folds of the larger

structures which have wavelengths of 300 to 500 m. Mesoscopic folds are

rarely exposed. Stereographic plots of poles to bedding for six loc

alities are shown in Figure 14 a-f . Fold hinge orientations for areas

a-f are summarized in Figure I4g. Figure 15 is a location map for areas

a-f of Figure 14.

Most folds have upright to steeply inclined axial surfaces with

hinge lines that plunge gently to the southeast. Folds plunge less

commonly to the northwest, and a few north-trend ing folds are present
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(Figure 14g) . The folds have interlimb angles of between 90 and 20 de

grees and are therefore open to tight folds (Fleuty, 1964). Various

fold geometries are present, but most of the large parasitic folds ap

pear to be straight-limbed, angular, parallel folds (Class IB of Ramsay,

1967) or similar folds (Class 2 of Ramsay, 1967). Other folds appear

to be of the divergent type (Class 3 of Ramsay, 1967). Mesoscopic kink-

style folds are present in the thin-bedded limestone of the Atima For

mation.

In preparing the cross sections (Plate II) the kink-style geom

etry provided the most satisfactory interpretation of the surface geol

ogy. It is clear from Structure Section C-C' that folding preceded

faulting in the development of the Montana de Comayagua structural belt

in the Agalteca quadrangle.

Folds trend west to northwest and are generally subparallel to

the major strike-slip and reverse faults. Folds are oriented in an en

echelon fashion with respect to the N60W-trending faults on a regional

scale (Plate III) , but this relationship can not be clearly demonstrated

within the Agalteca quadrangle. Because of poor exposures and extensive

faulting it is only possible to map the traces of fold hinges for short

distances, and folding is undoubtedly more extensive than is indicated

on the map.

Rio Blanco Area

The best exposures of megascopic folds are present in the

northwest part of the quadrangle. In the vicinity of Rio Blanco (495/

005) open to tightly folded anticlinal ridges of Atima limestone trend



PLATE X

STRUCTURE: FOLDS

A. View to the west of structures developed in lime

stone of the Atima Formation west of El Higuero.
The center of the scene is approximately at 470/

990. A large anticline (wavelength approximately
300 m) is slightly overturned to the south (left)
and is overridden by a south-verging, high-angle
reverse fault (right) . The structure of this area

is stereographically plotted in Figure 14a.

B. Schematic line drawing of the structures described

in A, above.

C. Chevron-style fold developed in thin-bedded limestone

of the Atima Formation near El Arenal at 599/949.

View is to the northwest. Fold is recumbent, but may

be part of a slumped block. Russell Miegs provides
scale. The structure of this area is stereographic

ally plotted in Figure 14b.

D. Detail of the core of the kink fold in C, above.

Note the transition from the kink geometry to a more-

complex fold geometry due to a space problem in the

fold hinge.

E. View to the southwest of intensely sheared limestone

of the Atima Formation in roadcut 0.5 km east of the

village of Vallecillo (578/048, Vallecillo quadrangle).
Sheared limestone is near a major thrust contact in

which the Atima Formation is thrust to the north over

redbeds of the Valle de Angeles Group. Hammer handle

is 25 cm long.

F. View to the west of the Vallecillo anticline at 574/
048 (Vallecillo quadrangle) just west of the outcrop

in E, above. The anticline is overturned to the north

(right) away from the north-verging thrust contact with

the Atima Formation just south (left) of this exposure.

Field assistant Hugo Cartagena provides scale. This

fold is stereographically plotted in Figure 14c.
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east-southeast and plunge gently beneath redbeds of the Valle de Angeles

Group (Figure 14a). These folds are not exposed in profile but appear

to be roughly symmetrical chevron folds (Class IB of Ramsay, 1967) with

straight limbs and vertical axial planes. Individual folds have wave

lengths of perhaps 400 m.

To the south of Rio Blanco at 475/995, an excellent exposure of

asymmetric divergent folds (Class 3 of Ramsay, 1967) is present in lime

stone of the Atima Formation. A profile of the folds is visible in a

cliff face at this locality (Plate Xa,b). The folds are perceptibly

thickened in the hinge areas and slightly overturned to the southwest.

Individual folds have a wavelength of approximately 300 m and appear to

be separated by steeply northeast-dipping shear planes. The outcrop is

inaccessible to detailed inspection and thus it was not possible to

examine the shears for slickensides. The shear planes are probably re

lated to the steeply northeast-dipping reverse faults in the vicinity

of El Higuero. These folds, like those at Rio Blanco, form topographic

ridges which plunge shallowly to the east-southeast. They trend oblique

to the El Higuero fault and intersect it at a small angle.

The folds in the northwest part of the Agalteca quadrangle and

the northeast part of the Comayagua quadrangle appear to form a broad

anticline which trends roughly parallel to the N60W-trending faults.

This structure is named the Rio Blanco anticline for the good exposures

at the village of that name. Interpretation of the subsurface geome

tries of the structures described above is shown in Structure Section

A-A' (Plate II).



El Arenal Area

Large-scale kink-style folds are present in thinly laminated

Atima limestone just north of the El Higuero fault near El Arenal at

600/950. Exposures are poor, but a few good outcrops and some discon

tinuous exposures of limestone suggest complex folding in this area

(Figure 14b). One well exposed kink fold (Plate X c,d) is nearly recum

bent, overturned to the southwest, and plunges shallowly to the north

west. This fold orientation is enigmatic and may be related to local

thrusting on the El Higuero fault, or the outcrop may be part of a

slumped block.

Vallecillo Area

In the Vallecillo quadrangle at 578/048, extensively sheared

limestone of the Atima Formation (Plate X e) is thrust to the north over

redbeds of the Valle de Angeles Group. An east-trending, moderately

east-plunging anticline, overturned to the north (Plate X f; Figure

14c) is exposed in a roadcut just east of the village of Vallecillo

(574/048) .

Quebradas Area

In the vicinity of Quebradas, at 623/022 and 625/023, minor

folds are present in the shale member of the Atima Formation. These

folds trend west to northwest, and plunge shallowly to the west and to

the southeast (Figure 14d) . The folds are steeply overturned to the

north in strata which generally dip moderately to the northeast.



Tenistepe Area

Minor folds are also present in the Atima limestone on Cerro

El Ingenio at 695/957. These folds have both concentric and kink-style

geometries. Some folds are asymmetric, plunge moderately to the south

east, and are overturned to the southwest (Figure 14e) . Other folds are

upright and plunge gently to the north and northeast. The anomalous

northeast trend of some of these folds may be related to the complex

faulting present in this area, or may be related to the local intrusion

of diorite. The north-plunging folds appear to predate the south-

plunging folds in this area.

Pueblo Nuevo Area

A large, complexly faulted, grossly synclinal structure is

present in the Valle de Angeles Group strata in the vicinity of Pueblo

Nuevo. The syncline is roughly defined by the distribution of the Es

quias Formation limestone in the southeast part of the quadrangle. South

to the southeast-dipping Esquias Formation strata are present on Cerro

La Tincuta at 710/927 and 695/920, and just west of Pueblo Nuevo at

688/913. Northeast-dipping Esquias Formation strata are present at El

Guachipilin at 685/922. The syncline is a major structure that appears

to span the 9 km distance between the Santa Maria and El Cantoral faults

and plunges gently to the southeast (Figure 14f ) .

Parasitic folds with a wavelength of approximately 500 m are

relatively well exposed in Valle de Angeles redbeds between El Guachi

pilin and Pueblo Nuevo in the vicinity of 690/905. These folds are pres-



138

ent just south of a steeply north-dipping reverse fault.

At 705/930, just south of the Santa Maria fault in the vicini

ty of Cerro Tenistepe, small-scale kink folds with an amplitude of

approximately 30 cm are present in finely laminated siltstone of the

Valle de Angeles Group. Interpretation of the subsurface geometry of

the Pueblo Nuevo syncline is shown in Structure Section E-E' (Plate II).

Other Structures

Joints

Joints are well developed in the Mesozoic sedimentary rocks and

in the Tertiary volcanic rocks. In general, two mutually orthogonal

sets of joints, perpendicular to bedding, are present. In some thick-

bedded or massive rocks, especially in the welded tuffs, a third joint

set roughly parallel to bedding is present. In areas of intense defor

mation it is difficult to distinguish joints from fold-related cleavage

and fault-related fractures (Figure 14e) . In poor exposures of massive

or poorly stratified rock, such as the thick-bedded Atima Formation

limestone or the Todos Santos Formation conglomerate, it is possible to

mistake prominent joint surfaces for bedding planes. This error can

seriously reduce the accuracy of structural interpretations and may ex

plain some of the anomalous bedding attitudes recorded on the geologic

map (Plate I) .

Joints are especially prominent in the well-cemented conglomer

ate beds of the Valle de Angeles Group, and in the thick-bedded micritic

limestones of the lower Atima Formation. Solution features, from vugs
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to caverns, are preferentially developed along joint planes in the Atima

Formation. Spheroidal weathering of cube-shaped blocks of rhyolite tuff

formed by three prominent and mutually orthogonal joint sets produces

well-rounded boulders which litter the surface of most exposures of

that unit.

Joints may form early in the lithification process of sedimen

tary rocks (Nickelsen, 1976) in response to regional stresses. They may

be studied on a regional scale to ascertain the character and orienta

tion of gentle deformations such as domes and arches of regional extent

and to document the changing stress field through time (Nickelsen, 1976;

Nickelsen and Hough, 1967). Due to time constraints a systematic study

of joints was not attempted in the Agalteca quadrangle.

Cleavage

Cleavage related to folding in these rocks is best developed

near the hinges of folds, and is most easily recognized in the well

stratified thin to medium-bedded limestones. The cleavage consists of

closely spaced fractures which are generally highly inclined to bedding

and which are parallel to the axial plane of the folds (Figures 14a and

14e) . Fracture porosity in the hinge areas of folds is considerable,

especially in the limestone units and in the well-cemented conglomerate

beds of the Valle de Angeles Group.

Stylolites

Stylolites are common in the limestone units and are especially

well developed in the micritic limestones. The stylolites are highly



sutured and are present in various orientations with respect to bedding.

Some limestone samples contain two or more sets of stylolites with dif

ferent orientations, some of which show cross-cutting relationships.

Stylolites are believed to form by pressure solution as irregular sur

faces roughly perpendicular to the maximum compressive stress. The

presence of multiple, non-parallel sets of stylolites in these lime

stones suggests that each set formed while perpendicular to the maximum

compressive stress as the entire mass of rock rotated during regional

folding. No systematic study of these features was made.

ORIGIN OF THE MONTANA DE COMAYAGUA STRUCTURAL BELT

General Statement

The characteristics of the Montana de Comayagua structural belt

suggest that wrench faulting or compressional basement thrusting are the

most probable mechanisms for the Laramide deformation along the N60W

trend in western and central Honduras. Lowell (1972, p. 3100) stated:

If convergent strike-slip and head-on compres

sion are seen as end members of a continuous series,

then a full spectrum of structuring is possible, de

pending on angles of plate approach.

This statement suggests that an orogenic zone may have characteristics

of both wrench and thrust faulting. In the discussion which follows,

the merits of the end-member models are considered separately. The

ideal model for the development of the Montana de Comayagua structural

belt is probably a hybrid which includes elements of both the wrench and

thrust models, implying that this was a zone of oblique convergence dur-



ing Laramide orogenesis in northern Central America.

Wrench-Fault Model

Most characteristics of the Montana de Comayagua structural

belt suggest that it developed as a zone of wrench faulting. The nar

rowness of the zone of intense deformation, the persistent linearity of

the zone, and the en echelon arrangement of some of the folds and sub

sidiary faults are features which characterize the structural belt as

a wrench zone even in the absence of direct evidence of lateral dis

placement (Harding and Lowell, 1979, p. 1022). The flower structure

geometry of the structural belt in cross-section (Plate II) is consis

tent with wrench deformation, and suggests a structural regime in which

there was a component of convergence in addition to strike-slip dis

placement (Harding and Lowell, 1979; Wilcox and others, 1972). The

structure sections (Plate II) clearly indicate that folding predated

faulting in the development of the flower structure, which is character

istic of wrench deformation (Lowell, 1972, Fig. 9).

The geometrical relationships between strike-slip faults, re

verse faults, normal faults and folds within a wrench zone are predicted

by a strain ellipse for a zone undergoing simple shear. The predictions

of the strain ellipse are in good agreement with structures produced by

the experimental wrenching of clay models in the laboratory, and agree

in general with structures observed in well documented wrench zones

around the world (Lowell, 1972; Wilcox and others, 1973; Harding,

1974; and Harding and Lowell, 1979).

The geometry of the Montana de Comayagua structural belt within



the Agalteca quadrangle is qualitatively similar to the assemblage of

structures predicted by the strain ellipse for a right-lateral wrench

system. According to this model, the Santa Maria and El Higuero faults

are the major right-lateral wrench faults. If this assumption is ten

tatively accepted, the strain ellipse may be oriented (Figure 16a), and

a comparison made between the predicted structures, and the actual

structures present.

Minor wrench faults with documented or probable right-lateral

displacement trend N25-76W (Figure 16b) . These are synthetic shears

associated with the major N60W-trending faults. Minor wrench faults

with documented or probable left-lateral displacement trend N30E to

N75E (Figure 16b). These are antithetic shears related to the major

N60W-trending faults. The strain ellipse predicts that synthetic shears

will trend N40W and that antithetic shears will trend N30E. The clock

wise dispersion of antithetic faults from their predicted orientation

is somewhat greater than that for the synthetic faults. The clockwise

rotation of antithetic shears from the predicted orientation is typical

of right-lateral wrench zones which have undergone progressive deforma

tion resulting in the formation of a through-going wrench fault (Wilcox

and others, 1973, p. 82).

The predicted orientation of normal faults (extension fractures)

according to this model is N5W. A small number of normal faults have

this orientation (Figure 12), but the large majority of normal faults

trend N20-50E. The predicted orientation of reverse faults is N85E,

and most reverse faults trend in a narrow range of strikes from N80E to

NllOE (Figure 12) . Folds are predicted to form parallel to the reverse
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ORIENTED STRAIN ELLIPSE-- WRENCH MODEL

PREDICTED

SYNTHETIC SHEARS' N40W

ANTITHETIC SHEARS' N30E

REVERSE, THRUST FAULTS: N85E

NORMAL FAULTS' N5W

FOLDS' N85E

Figure 16a. Strain ellipse oriented assuming right-lateral

simple shear parallel to the N60W-trending major faults
Strain ellipse after Wilcox and others (1973) and

Harding (1974).

^
PREDICTED

N40W

PREDICTED

N30E

SYNTHETIC SHEARS

(DEXTRAL) \
ANTITHETIC SHEARS

/ (SINISTRAL)

Figure 16b. Comparison of azimuths of wrench faults from

Table 4 with azimuths predicted by oriented strain

ellipse in Figure 16a.



faults, and therefore should trend N85E. The observed folds, in gener

al, are parallel to the reverse faults and trend west to N60W. The ob

served orientations of these structures are consistently rotated clock

wise from the predicted orientation, which may be explained as a result

of progressive deformation of the wrench zone.

Everett (1970a) and Fakundiny (1970) recognized the wrench

character of the Montana de Comayagua structural belt, and interpreted

it as a left-lateral wrench system based upon the fragmentary informa

tion available at that time. Subsequent mapping of the structural belt,

especially in the Agalteca quadrangle, has shown that the geometry more

closely approximates that of a right-lateral wrench system. Everett's

(1970a, Figure 11) idealized block diagram, based upon Lowell's (1969)

transpressive wrench model, related the Montana de Comayagua structural

belt to convergent wrenching. When modified to show right-lateral slip,

the orientation of faults and folds in this model with respect to the

master N60W-trending faults very closely approximates the geometry of

the Montana de Comayagua structural belt in the Agalteca quadrangle.

Some aspects of the Montana de Comayagua structural belt are

inconsistent with the wrench model. The most obvious criticism is that

there is no direct evidence of strike-slip faulting along the N60W-

trending faults. Curran (1980) mentioned evidence of Laramide right-

lateral wrenching in the Taulabe quadrangle but did not document it in

detail. The lack of horizontal slickensides along the N60W-trending

faults is perhaps a serious criticism, but it must be remembered that

fault plane exposures are so rare and of such poor quality that slicken

sides may be present, but not exposed.
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The metamorphic highland in the El Rosario quadrangle (Plate

III) is cut by the Tierra Blanca-El Higuero fault system, but there is

no conspicuous right-lateral offset of the basement block. This should

not be construed as evidence against wrench faulting, since the present

configuration of the metamorphic highland is related to the late Ceno-

zoic formation of the Comayagua-Espino graben system. The uplift of

the basement block therefore postdates movement along the fault, and so

the block should not be offset. It should also be noted that there are

no continuous structures indicated in the metamorphic rocks in the up

lifted block (Fakundiny, 1971) which would preclude the presence of a

Laramide wrench fault as shown (Plate III) .

An observation which is clearly inconsistent with a wrench ori

gin for the Montana de Comayagua structural belt is the fact that the

sense of vertical displacement along the N60W-trending faults is almost

always up to the northeast. Most wrench faults show a change in dis

placement along strike as independent blocks are uplifted and down-

dropped by the wrenching process (Wilcox and others, 1973, p. 87).

Another criticism which can be made is that cross sections

which show flower structures rooted in vertically-dipping wrench zones

imply a greater amount of shortening at shallow structural levels than

at deep levels. This conflict may be solved by assuming detachment be

tween the sedimentary cover and basement (Jim Helwig, ARCO Research and

Development, Piano, Texas, personal communication, 1983). Alternative

ly, one can argue that basement shortening occurs, and that the vertical

wrench zone shallows into a thrust or high-angle reverse fault at depth



(Mike Gardner, ARCO Research and Development, Piano, Texas, personal

communication, 1983) .

Compressive Basement-Thrust Model

Most of the observations which contradict the wrench-fault

model for the development of the Montana de Comayagua structural belt

are more consistent with a model which assumes direct convergence and

reverse faulting at deep structural levels. The thrust-fault model does

not require strike-slip displacement along the N60W-trending faults, and

it provides for basement shortening equal to the shortening of the sedi

mentary cover. If the N60W-trending faults are northeast-dipping

thrusts or high-angle reverse faults, as suggested by evidence in the

Talanga area, then the consistent up-to-the-northeast vertical displace

ments of the major faults are explained.

A strain ellipse which assumes pure shear perpendicular to the

N60W-trending major faults (Figure 17a) predicts the orientation of

some of the structures within the Agalteca quadrangle more accurately

than the simple shear model. The strain ellipse predicts normal faults

(extension fractures) trending N30E. This correlates well with the

abundance of normal faults which trend N20-50E (Figure 12) .

The strain ellipse also predicts a conjugate set of wrench

faults; right-lateral wrenches should trend north and left-lateral

wrenches should trend N60E (Figure 17a) . The correlation between the

predicted and observed orientations of the right-lateral wrench faults

is poor (Figure 17b). Wrench faults are widely, though systematically,



ORIENTED STRAIN ELLIPSE' THRUST MODEL

PREDICTED

DEXTRAL SHEARS' DUE N

SINISTRAL SHEARS' N60E

REVERSE, THRUST FAULTS' N60W

NORMAL FAULTS: N30E

FOLOS' N60W

Figure 17a. Strain ellipse oriented assuming pure shear

perpendicular to the N60W-trending major faults.

PREDICTED

DUE N

DEXTRAL SHEARS

PREDICTED

N60E / ^
SINISTRAL SHEARS

Figure 17b. Comparison of azimuths of wrench faults from

Table 4 with azimuths predicted by oriented strain

ellipse in Figure 17a.



dispersed about an axis of symmetry which trends north. The reason for

the anomalous orientation of wrench faults might be explained by pre

existing zones of weakness in the multiply-deformed metamorphic base

ment.

The strain ellipse also predicts reverse faults and folds

parallel to the N60W-trending major faults. The observed trend of re

verse faults if N80E to N70W. Folds are east to N60W-trending . In

certain areas there is good correspondence between the predicted and

observed orientations of reverse faults and folds.

The structure sections can be interpreted in a manner consis

tent with the thrust model. The Santa Maria and El Higuero faults would

shallow with depth and dip to the northeast. The north and northeast

verging high-angle reverse faults and thrusts shown in the structure

sections would be interpreted as back-thrusts from the master faults

forming a "pseudo" flower structure.

The parallelism of the Montana de Comayagua structural belt

and the Middle America Trench has been noted by many authors. Molnar

and Sykes (1969) calculated the azimuth of convergence between the

Cocos and Caribbean plates as approximately N30E, perpendicular to the

trend of the major faults of the Montana de Comayagua structural belt.

Thus, the present strain ellipse, assuming pure shear, has the same

orientation as the hypothetical strain ellipse (Figure 17a) utilized

in the discussion of the thrust model for the Laramide deformation.

Perhaps basement thrusting is a relatively young style of deformation

related to the Neogene stress regime which has been overprinted on the

Montana de Comayagua structural belt.
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TECTONIC SETTING OF THE LARAMIDE DEFORMATION

At attempt at an original paleogeographic or plate-tectonic re

construction of northern Central America during the Late Cretaceous and

early Tertiary is beyond the scope of this report; however, it is

worthwhile to comment of the compatibility of the deformation of the

Montana de Comayagua structural belt to certain reconstructions in the

literature.

Perfit and Heezen (1978) envisioned a collision between the

Maya and Chortis blocks along a northeast-trending, southeast-dipping

subduction zone in the Late Cretaceous to early Tertiary, prior to the

initiation of left-lateral transform faulting in the Cayman Trough

(Figure 18a) . The collision of two plates of continental character pro

vides a plate tectonic "habitat" conducive to the formation of oblique

wrench faults (terminology of Harding and Lowell, 1979, p. 1018, Figure

2d) which form at high angles to the convergent margin, and which usual

ly occur in conjugate pairs. The Guayape fault of eastern Honduras has

an orientation which suggests that it may have been a conjugate wrench

system to the Montana de Comayagua structural belt. If so, the Laramide

displacement of the Guayape fault must have been left-lateral. A Lara

mide collision between the Chortis and Maya blocks is inconsistent with

recent plate reconstructions by Pindell and Dewey (1982) and by Sykes

and others (1982) who showed the Chortis block to be several hundred

kilometers to the west of the Maya block at this time. A Late Creta

ceous to early Tertiary collision between the Chortis block and south

western Mexico, however, is not precluded by these reconstructions.



150

Figure 18. Plate Tectonic "Habitat" of the Laramide Deformation

RflS block

Figure 18a. The Montana de Comayagua structural belt

(MCSB) may have developed as an oblique wrench

fault (see discussion in text) during the Laramide

collision between the Maya and Chortis blocks

hypothesized by Perfit and Heezen (1978) . The

Guayape fault (GF) may have been a conjugate wrench

system. Modified from Figure 10 of Perfit and

Heezen (1978).

TIS ,'BLOCK

BBEAN PLATE

Figure 18b. The Montana de Comayagua structural belt

(MCSB) may have developed as an intra-plate con

jugate wrench system to a proto-Motagua fault (PMF) in

Laramide time. This model requires that motion

began on the Motagua transform earlier than the

Oligocene date (38 to 36 mybp) suggested by Pindell

and Dewey (1982) and Sykes and others (1982) . Modi

fied from Figure 22 of Pindell and Dewey (1982).

Figure 18c. The Montana de Comayagua structural belt

(MCSB) may have developed as a longitudinal wrench

fault (see discussion in text) as the result of

oblique north-directed subduction during Laramide

time. The position of Cuba follows Sykes and others

(1982) plate reconstruction of the western Caribbean

for the Paleocene (prior to 55 mybp) . Right lateral

wrench-related deformation of Laramide age, parallel
to the trend of dashed lines in Cuba, is predicted
by this model.
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Another possibility is that the Montana de Comayagua structur

al belt developed as an intra-plate conjugate wrench system to a proto-

Motagua transform fault (Figure 18b) as the Chortis block moved south

east from southern Mexico as proposed by Pindell and Dewey (1982) .

The age given by these authors for the initiation of left-lateral trans

form motion along the Motagua fault (Oligocene; 36 mybp) is too late

to have been related to the Laramide deformation in Honduras. Pindell

and Dewey's timing may be in error, and transform motion may have begun

on the Motagua fault or its predecessor in Laramide time. If their tim

ing is correct, then deformation of the Montana de Comayagua structural

belt is unrelated to the Motagua fault.

A third possibility is that the Montana de Comayagua structur

al belt developed subparallel to a convergent plate margin on the Pa

cific coast in Laramide time as a result of oblique convergence. Strike-

slip faults which trend subparallel to convergent margins are termed

longitudinal faults (Harding and Lowell, 1979, p. 1018, Figure 2c) and

owe their existence to the component of strike-slip inherent in oblique

convergence. Sykes and others (1982, p. 10, 671) suggested that Cuba

occupied the present position of Costa Rica before 55 mybp. If so, it

was probably part of an island arc with a northeast-dipping subduction

zone as shown in Figure 18c. North-oriented oblique convergence may

have caused the development of the Montana de Comayagua structural belt.

If this hypothesis is correct, and if the plate reconstruction suggested

by Sykes and others (1982) is valid, then the Mesozoic stratigraphy of

Cuba should be similar to that of the Chortis block and there should be
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evidence of dextral, wrench-related deformation in Cuba along the trend

schematically shown by the dashed line in Figure 18c. At approximately

55 mybp the polarity of subduction reversed along the Cuban segment of

the arc and an arc-arc, left-lateral transform fault developed along

the southeast margin of the Nicaragua Rise. Thus Cuba migrated to the

northeast to an eventual collision against the Bahamas Bank. The plate

reorganization at 55 mybp may have caused the cessation of deformation

of the Montana de Comayagua trend by creating more orthogonal conver

gence between the East-Pacific Plate and the Chortis block.

The three possible mechanisms for the development of the Mon

tana de Comayagua structural belt mentioned here are not mutually exclu

sive, and there are undoubtedly other possible explanations. Geochrono-

logical studies such as dating the igneous rocks over a wider area of

Honduras will help to constrain the structural models presented here,

and perhaps suggest better ones. Field mapping over a wider area will

help to define the limits of the Montana de Comayagua structural belt

and may clarify its relationship to other major structures such as the

Motagua and Guayape faults .

SIGNIFICANCE OF THE LATE-TERTIARY GRABENS

Plafker (1976) recognized several extensional features in north

ern Central America, including the Guatemala City and Ipala grabens, the

grabens associated with the Honduras and Nicaragua Depressions, and the

Central Depression of El Salvador. He noted in particular that the

north-trending graben systems do not extend south of the Pacific Volcanic
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Chain, and appear to be truncated by the northwest- trend ing Central

Depression and Nicaragua Depression graben systems (Figure 19) . Plafker

hypothesized that "decoupling" (incipient rifting or back-arc spreading)

is occurring along the Central Depression and Nicaragua Depression

which, if it continues, will lead to the formation of a marginal sea.

He cited as evidence for this hypothesis the high incidence of destruc

tive seismic activity in or near the Central Depression and Nicaragua

Depression, including the earthquakes which occured in San Salvador in

1965, in Managua in 1972, and in Tilaran, Costa Rica, in 1973. All of

these earthquakes were produced by a stress field in which the minimum

horizontal stress axes were oriented east-west (Plafker, 1976, p. 1207),

consistent with east-west extension. If the maximum horizontal stress

axes are oriented north-south, then a component of dextral slip may be

present parallel to the Nicaragua Depression, and a conjugate shear

trending northeast perpendicular to the depression would have a left-

lateral shear sense.

Plafker 's hypothesis provides an ingenious explanation for the

complex structural relationships observed. It should be noted that the

location of the north-trending grabens in the western part of the Carib

bean Plate correlate well with the segments of the Pacific Volcanic

Chain (Figure 19) . Anomalously high heat flow related to the segmenta

tion of the Cocos Plate within the subduction zone may be a controlling

factor in the localization of the north- trending extensional features in

northern Central America.

The implication of this model for the Neogene tectonics of cen-



Figure 19. Extensional features of northern Central America. Note

that several of the segment boundaries of the Pacific Volcanic

Chain (hollow arrows) are associated with north trending grabens.
Modified from Figure 38 of Weyl (1980).



tral Honduras is that the Honduras Depression is a developing rift.

The Nicaragua Depression, the Central Depression of El Salvador and the

Honduras Depression intersect in the Gulf of Fonseca, the triple junc

tion of a three-armed rift system (Figure 20) .

The north- trend ing extensional axes of the Honduras Depression

are offset by a dextral transform fault zone in central Honduras. It

is likely that the anisotropy of pre-existing N60W-trending structures

in central Honduras, such as the Montana de Comayagua structural belt,

inhibited the formation of a through-going north- trending rift.

The presence of Quaternary alkalic volcanism and post- ignim

brite magmatic uplifts within the Honduras Depression are consistent

with the rift hypothesis. The location of an active dextral transform

fault in central Honduras, however, is problematical. It is unlikely

that the Santa Maria and El Higuero faults in the Agalteca quadrangle

have experienced post-ignimbrite strike-slip displacement although

some dip-slip displacement is probable. Post-ignimbrite reverse fault

ing in the Minas de Oro quadrangle may be related to transform faulting

along the northern termination of the Espino and Siria grabens (the

Potrerillos-Porvenir lineament of Figure 7). Alternatively, transform

motion may be localized along the southern termination of the Otoro and

Comayagua grabens (the Otoro-Lepaterique lineament of Figure 7), or may

occur along both features.

These are very speculative ideas, but may be useful inasmuch as

they suggest new areas in which to concentrate field mapping in central

Honduras .
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Figure 20. Fragmentation of western Caribbean Plate by east-west extension and back-arc

spreading. Schematic diagram of developing rifts and crustal blocks including
Atitlan block (AB) , Ipala block (IB), Yojoa block (YB) and Middle America block.

Note that right-lateral transtension is inferred along the Central Depression-

Nicaragua Depression spreading center. Modified from Plafker (1976, Figure 7c).



GEOLOGIC HISTORY AND CONCLUSIONS

The metamorphic basement of central Honduras is probably of

Paleozoic age and was multiply deformed prior to the deposition of

Mesozoic sedimentary rocks (Everett, 1970a). The oldest unmetamor-

phosed stratigraphic unit in Honduras is sandstone and shale of the El

Plan Formation which was deposited locally in a flood plain and shallow

marine environment in the Late Triassic or Early Jurassic (Carpenter,

1954; Finch, 1981).

The oldest stratigraphic unit in the Agalteca quadrangle is

conglomerate of the Late Jurassic (?) to Early Cretaceous Todos Santos

Formation. The relationship between the Todos Santos Formation and the

El Plan Formation is not known. Block faulting exposed the metamorphic

basement to erosion, and the Todos Santos conglomerate was deposited by

alluvial fans in fault-bounded, intermontane basins. Lacustrine condi

tions prevailed locally. The basin geometries and the orientation of

the bounding faults are not known. The formation attains a thickness

in excess of 350 m in the Agalteca quadrangle.

The faulting which accompanied deposition of the Todos Santos

conglomerate suggests regional extension within the Chortis block during

the Late Jurassic to Early Cretaceous. Extension may have been related

to the left-lateral strike-slip displacement of the Chortis block from

southern Mexico along a proto-Motagua fault. Alternatively, the Chortis

block may have been rifted from southern Mexico or elsewhere following

the Middle Jurassic breakup of Pangea, resulting in basin and range
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faulting within the Chortis block. A rifting hypothesis is more com

patible with paleomagnetic evidence which suggests large rotations of

the Chortis block during the Cretaceous (Gose and Swartz, 1977).

Deposition of the Atima limestone began in the Valanginian (?)

when a shallow sea inundated central Honduras. The basal part of the

Atima limestone is a transgressive beach facies which locally reworked

Todos Santos conglomerate. This was succeeded by a shallowing-upward

sequence of micritic limestone which probably accumulated in a back-

reef lagoon. A short-lived, regional (?) regression occurred in the

Aptian (?), at which time the shale member of the Atima Formation was

deposited. Fine grained terrigenous elastics and minor andesitic flows

invaded the shelf, and local subaerial deposition may have occurred.

Andesitic flows have not been recognized in the Atima Formation west of

the Agalteca quadrangle but are present and are thicker in quadrangles

to the east, indicating an eastern volcanic source. The andeistic vol-

canism suggests that subduction was occurring at this time along a con

vergent margin, probably between the Chortis block and the East-Pacific

Plate.

Deposition of Atima limestone resumed in the Agalteca quadrang

le in the Aptian or Early Albian, while andesitic volcanism may have

continued in areas to the east. The upper Atima limestone consists of

a series of shallowing-upward sequences similar to the lower Atima lime

stone. Episodic subsidence of the shelf by block faulting may explain

the presence of the stacked shallowing-upward sequences in the limestone.

Minor limestone conglomerate in the Atima Formation is compatible with



159

block faulting at this time. A maximum thickness of 500 m is estimated

for the Atima Formation in the Agalteca quadrangle.

Regional uplift to the south of the Agalteca quadrangle (Mills

and others, 1967; Everett, 1970a) resulted in the deposition of the

lower clastic unit of the Valle de Angeles Group by braided streams,

beginning in the Late Albian or Early Cenomanian. The red color of

these rocks probably indicates an arid climate at this time. Abundant,

well rounded chert pebbles in the conglomeratic facies were probably

eroded from the Atima limestone. Metamorphic clasts were reworked .from

the Todos Santos conglomerate, or else were derived directly from up

lifted blocks of metamorphic basement. Felsic plutonic rock fragments

in sandstone of the Valle de Angeles Group indicate the unroofing of

plutons of an unknown age. Andesitic volcanic rock fragments are also

present.

A Cenomanian transgression resulted in the deposition of lime

stone of the Esquias Formation which varies in thickness from 60 to

100 m in the Agalteca quadrangle. This micritic limestone was deposited

in shallower water depths than the Atima limestone, probably in a lagoon-

al environment. Massive-bedded gypsum is associated with the Esquias

limestone in the adjacent Vallecillo quadrangle, and indicates local

evaporitic conditions. Deposition of the upper Valle de Angeles redbeds

began in the late Cenomanian and continued until the Late Cretaceous or

early Tertiary when Laramide deformation began. The total thickness of

the Valle de Angeles Group in the Agalteca quadrangle exceeds 750 m.

Regional uplift of central Honduras occurred in the Late Cre-



taceous to early Tertiary, and a major N60W- trending, right- lateral

wrench zone, the Montana de Comayagua structural belt, developed in the

Chortis block. In the Agalteca quadrangle, the Montana de Comayagua

structural belt consists of a series of left-stepping en echelon, dex

tral strike-slip faults and syntectonic thrusts and antithetic shears.

East-trending, tight to open folds, some of them overturned away from

the axis of the wrench zone, predate the reverse faults. Felsic to

basic stocks and dikes were intruded along the axis of the wrench zone,

and were associated with base metal mineralization. The Montana de

Comayagua structural belt has a width of at least 30 km and may be wider

than presently recognized. The wrench zone has a documented length of

at least 130 km across central Honduras, and may extend into unmapped

areas to the northwest toward Guatemala and to the southeast toward

Nicaragua.

The Montana de Comayagua structural belt may have developed as

an oblique wrench fault (terminology of Harding and Lowell, 1979) at a

high angle to a collisional margin between the Maya and Chortis blocks

during the Late Cretaceous-early Tertiary suturing event proposed by

Lawrence (1976) and by Perfit and Heezen (1978, Figure 10). Alterna

tively, the structural belt may have developed as an intraplate conju

gate wrench to a proto-Motagua transform fault as the Chortis block mi

grated eastward from southern Mexico earlier than proposed by Pindell

and Dewey (1982). It is most likely, however, that the Montana de

Comayagua structural belt developed as a longitudinal wrench fault

(terminology of Harding and Lowell, 1979) landward of, and subparallel



to the Pacific convergent margin as a result of north-directed, oblique

subduction in the Late Cretaceous to early Tertiary. These models are

summarized in Figure 18.

Andesitic and basaltic lava flows of the Matagalpa Formation

were depostied in the early Tertiary (Paleocene-Eocene?) while the Mon

tana de Comayagua wrench system was still active. A long period of

erosion followed before the first ignimbrites and basalt flows of the

Padre Miguel Group were deposited in the Oligocene (approximately 30

mybp) . A period of quiescence may have followed the eruption of the

first sequence of ignimbrites, and volcanic activity apparently resumed

in the early to middle Miocene (from approximately 20 to 10 mybp) when

the main sequence of mostly rhyolitic ignimbrites of the Padre Miguel

Group was deposited. In the Agalteca quadrangle, ignimbrites were de

posited on a surface of high topographic relief and were locally eroded

and reworked. Thick deposits of coarse volcanogenic sediments accumu

lated on the northwest flank of the structural belt in the vicinity of

the village of Agalteca. Finer-grained volcanogenic sediments of the

Tenampua member of the Padre Miguel Group were deposited on the south

west flank of the structural belt in the Agalteca and Zambrano quad

rangles, and were reworked in lacustrine and eolian environments (Dupre,

1970). Elsewhere in Honduras, the Padre Miguel Group was deposited on

a subdued topographic surface (Williams and McBimey, 1969). Basalt of

probable late Miocene age overlies ignimbrite and is the youngest of

the Padre Miguel Group volcanics in the Agalteca quadrangle.

The Padre Miguel Group volcanics are genetically related to

subduction at the convergent margin between the Cocos and Caribbean



Plates. The Miocene ignimbrite sequence of Central America is similar

in style to the voluminous ignimbrite sequence of Oligocene age in the

Sierra Madre Occidental of Mexico (McDowell and Clabaugh, 1979).

East-west extension of the Chortis block began in the Late

Cenozoic as the western tip of the Caribbean Plate became pinned be

tween the Cocos and North American Plates (Malfait and Dinkelman, 1972).

The Honduras Depression, a discontinuous system of north- trending gra

bens (Figure 6) , began to form during the deposition of the Padre Miguel

volcanics and is still active (Everett, 1970a). The southern part of

the Honduras Depression trends north from the Gulf of Fonseca to Teguci

galpa where it is interrupted by the N60W-trending structures of the

Montana de Comayagua structural belt. The Laramide structural belt is

segmented into a series of horst blocks in central Honduras, separated

by grabens of the Honduras Depression including, from east to west, the

Talanga, Comayagua and Santa Barbara grabens (Figure 7). The northern

part of the Honduras Depression, the Sula graben, extends north to the

Caribbean coast from its truncation against the Montana de Comayagua

structural belt near Lake Yojoa. The northern and southern segments of

the Honduras Depression were born with an apparent left-lateral offset

along the trend of the Montana de Comayagua structural belt. The Hon

duras Depression is a developing rift, and the Laramide structural belt

has been rejuvenated as a right-lateral transform fault zone analogous

to an oceanic ridge-ridge transform fault (Figure 20) .

The interaction of the Honduras Depression with the Laramide

structural belt is complex. No active N60W-trending, right-lateral



wrench faults have been recognized in central Honduras, but post-Padre

Miguel high-angle reverse faulting in the Minas de Oro quadrangle

(Plate III) may be related to Neogene dextral transform motion.

Several magmatic uplifts, some of them post-dating deposition

of the ignimbrites, are present in the transverse segment of the Hon

duras Depression from Tegucigalpa to Lake Yojoa (Figure 7). For ex

ample, post-Padre Miguel uplift of the Montana de Comayagua structural

belt, related to intrusive activity, has caused a gentle arching of the

ignimbrites in the Comayagua quadrangle (Everett, 1970a) and has re

sulted in the deposition of multileveled terraces of late Tertiary to

Quaternary age in the Agalteca quadrangle.

The most important mineral deposits of Honduras, the El Ro

sario and El Mochito lead-silver mines, are located near the intersec

tions of the transverse segment with the southern and northern segments

of the Honduras Depression in the vicinity of Tegucigalpa and Lake Yo

joa, respectively (Figure 7). It is worth noting that mineralization

represented by these deposits is related to late Cenozoic intrusions

and is not a Laramide feature.

Quaternary alkalic basaltic volcanism is associated with the

Honduras Depression and is restricted to the intersections of the north

ern and southern segments of the depression with the structural belt.

The volcanic fields are located in the vicinity of Tegucigalpa and Lake

Yojoa (Figure 6) .

On a more regional scale, the Central Depression of El Salvador

and the Nicaragua Depression, both parallel to the Pacific Volcanic

Chain are incipient rifts which are forming a marginal basin in the



vicinity of the Gulf of Fonseca (Plafker, 1976). These depressions

intersect the Honduras Depression in the Gulf of Fonseca, the triple

junction of a three-armed rift system which is fragmenting the western

part of the Caribbean Plate (Figure 20) .



 



APPENDIX I

ROCK CLASSIFICATION SCHEMES

I-A: Sandstone and Conglomerate (Folk, 1974) .

I-B: Mudrocks (Lundegard and Samuels, 1980).

I-C: Limestones (Folk, 1974).

I-D: Igneous Rocks (Streckeisen, 1967).

I-E: Pyroclastic Rocks (Cook, 1965).
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APPENDIX I-A

Sandstone and Conglomerate

The full descriptive names for sandstones and conglomerates

given in this report follow the conventions and nomenclature of Folk

(1974) and consist of five parts:

(Grain size) : (Cements*) (Textural Maturity) (Miscellaneous Transport

ed Constituents*) (Clan Designation) .

An asterisk denotes that the section of the name in parentheses may be

omitted if the constituent is absent. The method for determining each

of the five parts of the full rock name are discussed in the order in

which they are conventionally written.

Grain Size: Determine the percentage of gravel (grains > 2 mm) and esti

mate the median size of the gravel fraction using the Wentworth scale

(granule, pebble, etc.). Estimate the ratio of sand to mud (silt plus

clay) . Then estimate the median size of the sand fraction according to

the Wentworth scale (fine, medium, etc.). Assign the rock to one of

the 15 grain-size classes in Diagram 1. The grain-size name for each

class is shown on the diagram as a combination of the following letters:

G: conglomerate (gravel)

g: conglomeratic (gravelly)

(g) : slightly conglomeratic (slightly gravelly)

S : sandstone (sand)

s : sandy
M: muds tone (mud)

m : muddy
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Note: Specify median size of gravel wherever present.

Specify median size of sand only for stippled areas

in Diagram 1.

Examples: sG, sandy cobble conglomerate

msG, muddy sandy boulder conglomerate

(g)sM, slightly granular fine sandy mudstone

gS, pebbly coarse sandstone

Diagram 1.

?

Cements : The following adjectives indicate the presence of some common

cement types :

quartz : siliceous

chert : chert-cemented

opal : opaline

carbonate: calcitic

dolomitic (etc.)

hematite: hematitic

Textural Maturity: Estimate the amount of clay i the rock; if greater

than 5% the rock is IMMATURE. If the rock contains less than" 5% clay

but is poorly sorted ( > 0.5J) then it is SUBMATURE. If the grains are



well sorted ( < 0.50) but subangular to very angular on Powers' scale

( < 3.0) the rock is MATURE. If the grains are subrounded to well

rounded ( > 3.0) the rock is SUPERMATURE. A flow chart for the deter

mination of textural maturity is shown in Diagram 2. Figures and com

parators to aid in the estimation of sorting and roundness are included

in Folk (1974).

IMMATURE SUBMATURE MATURE SUPERMATURE

Diagram 2.

Miscellaneous Transported Constituents: These are mineral grains or

other clasts which are of value in the interpretation of source and en

vironment. Common constituents and their conventional adjectives in

clude the following:

chert : chert-bearing

mica: micaceous

glauconite: glauconitic
fossil fragments: fossiliferous

Clan Designation: This part of the name indicates the bulk mineral com

position of the rock and characterizes the lithology of the source

area(s). Recalculate the essential constituents to 100% (ignoring clay



matrix, cements, glauconite, heavy minerals, fossils, etc.) and plot

on Diagram 3 following these criteria:

Q-pole: all types of quartz including metaquartzite but

not chert.

F-pole: all feldspars plus granite and gneiss fragments.

R-pole: all other rock fragments.

If the rock plots within the fields of sublitharenite, litharenite or

feldspathic litharenite then recalculate all rock fragments to 100% and

plot on Diagram 4. If the rock plots in the sedarenite field then re

calculate all sedimentary rock fragments to 100% and plot on Diagram 5.
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SEDARENITE

PHYLLARENITE

VRF MRF

Diagram 4.
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CARBONATE CHERT

Diagram 5.



APPENDIX I-B

Mudrocks

The mudrock classification of Lundegard and Samuels (1980) re

quires the determination of only two properties: the silt fraction and

whether or not a sample is laminated (Diagram 6) and is intended for

use in the field.

"^\
SILT FRACTION

2/3 1/3

o

UJ

<

oe

3

o

z

a

c

I

i

e

o

e

SILTSTONE

MUDSTONE CLAYSTONE

c

I

MUDSHALE CLAYSHALE

Diagram 6.

A flow chart (Diagram 7) aids in the application of this

classification scheme.

!| laminttatf 7 fl

MUDROCK

j Hew much

1 silt ?

ItH ["
IMI1II.I.**h

YES NO YES NO YES NO

1
laminai.i

SILTSTONE

non

SILTSTONE

MUDSHALE MUOSTONE CLAYSHALE CLAYSTONE

Diagram 7.



APPENDIX I-C

Limestones

Folk's (1974) classification scheme for limestones is based

upon compositional and textural criteria. This classification scheme

is intended for use on carbonate rocks which have not been recrystal

lized. The three major constituents of carbonate rocks are microcrys

talline ooze, sparry calcite cement and allochemical constituents (in-

traclasts, ooids, fossils and pellets). Four major types of carbonate

rocks are defined:

Type I: Sparry Allochemical Rocks (analogous to well sorted

terrigenous sandstones and conglomerates) . In general these rocks con

tain greater than 50% allochemical constituents with a spar cement to

lime mud matrix ratio greater than 2 to 1. The rock names for Type I

limestones utilize the suffix -sparite combined with a root which indi

cates the dominant allochemical constituent, such as "intrasparite" or

"oosparite" (Diagram 8). Further textural modifiers based upon sorting

and rounding of allochemical grains may be added (Diagram 9).

Type II: Microcrystalline Allochemical Rocks (analogous to

terrigenous clayey sandstones and conglomerates). These rocks generally

have a lime mud matrix to spar cement ratio greater than 2 to 1 and con

tain more than 10% allochemical constituents. The rock names for Type

II limestones combine the suffix -micrite with an appropriate root

which indicates the dominant allochemical constituent
such as "biomi-



174

BASIC TYPES
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COMPOSITIONAL CLASSIFICATION OF LIMESTONES

Diagram 8.
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crite" or "pelmicrite" (Diagram 8) . The degree of sorting is denoted

by a textural modifier such as "sparse", "packed", etc. (Diagram 9).

Type III: Microcrystalline Rocks (analogous to terrigenous

clays tones) contain less than 10% allochemical constituents and are

termed "micrite".

Type IV: Biohermal Rocks (no terrigenous analogue). These

are carbonate rocks made up of organic structures in growth position,

and are termed "biolithite".



177

APPENDIX I-D

Igneous Rocks

Igneous rocks are classified by Streckeisen (1967) on the

basis of petrographically determined modal mineralogy. The distinction

between diorite and gabbro (Diagram 10) is ambiguous because these

suites of rocks have overlapping mineralogical characteristics. In

general diorite has andesine plagioclase, contains hornblende and may

contain biotite and rare olivine. Gabbro generally has labradorite to

bytownite plagioclase, contains pyroxene and may contain uralitic

amphibole and olivine.

Andesite and basalt (Diagram 11) are differentiated on the

basis of color index. Andesite has a color index less than 40 and ba

salt has a color index greater than 40.

QUARTZ QUARTZ

ALKALI FELDSPAR percent plagioclase PLAGIOCLASE ALKALI FELDSPAR percent plagioclase PLAGIOCLASE

Diagram 10. Diagram 11.



APPENDIX I-E

Pyroclastic Rocks

Cook's (1965) classification scheme for ignimbrites utilizes

the three common constituents in pyroclastic rocks: crystal, glass

and lithic fragments, as apices for a ternary diagram (Diagram 12).

LITHIC

TIFF

(Including pumice)

Diagram 12.



APPENDIX II

MEASURED SECTIONS

II-A: Measured Sections A-A', B-B' and C-C

II-B: Measured Section D-D'

II-C: Measured Section E-E'

II-D: Measured Section F-F'
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APPENDIX II-A

MEASURED SECTIONS A-A', B-B' and C-C

TODOS SANTOS AND ATIMA FORMATIONS

not ipoiad

800 -

700 -

600

500 -

400 -

300

ZOO

00 -

O m

fault

THICK- TO THIN- BEDDED LIMESTONE AND

DOLOMITE, MOSTLY FOSSILIFEROUS MICRITE

SILTSTONE MEMBER

BEDDED AND NODULAR CHERT

THICK- TO THIN-BEDDED LIMESTONE AND

DOLOMITE, MOSTLY FOSSILIFEROUS MICRITE

CARBONATE SANDSTONE AND

PEBBLE CONGLOMERATE

fault

> PEBBLE CONGLOMERATE: SUBMATURE PHYLL

ARENITE

MATRIX- SUPPORTED BOULDER CONGLOMERATE

PEBBLE CONGLOMERATE^ SUBMATURE PHYLL

ARENITE

MATRIX- SUPPORTED BOULDER CONGLOMERATE

GREEN TO GREY LAMINATED SILTSTONE AND

CLAYSHALE

SANTA MARIA FAULT



APPENDIX II-B

MEASURED SECTION D-D'

LOWER VALLE DE ANGELES CLASTIC UNIT

300

inJ
- ESQUIAS FORMATION

RED SANDSTONE

RED SILTSTONE

\MW -

SANDSTONE

SILTSTONE

QUARTZ PEBBLE C0N6L0MERATE

RED SANOSTONE, FINES UPWARD INTO RED SILTSTONE

RED PEBBLY SANDSTONE, FINES UPWARD INTO

RED SILTSTONE

RED SANDY CONOLOMERATE, FINES UPWARD INTO

REO SILTSTONE

RED PEBBLY SANDSTONE AND SILTSTONE

FININQ UPWARO SEQUENCE ; SANDY PEBBLE

CONGLOMERATE, SANDSTONE AND SILTSTONE

RED AND YELLOW CLAYSNALE

RED PEBBLY SANDSTONE, COARSENS UPWARD

RED SILTSTONE

QUARTZ PEBBLE CONGLOMERATE

RED SANDSTONE, FINES UPWARD INTO RED SILTSTONE

RED SILTSTONE, COARSENS UPWARD

YELLOW CLAYSHALE

RED SILTSTONE

SANTA MARIA FAULT



APPENDIX II-C

MEASURED SECTION E-E'

VALLE DE ANGELES GROUP

250 -

150 -

50

On

not axpod

COVERED

COVEREO

100 -

COVERED

WHITE QUARTZ PEBBLE CONGLOMERATE, FINES

UPWARD INTO RED SANDSTONE

FINING- UPWARD SEQUENCE; WHITE QUARTZ PEBBLE

CONGLOMERATE, RED SANOSTONE AND SILTSTONE

SANDSTONE

WHITE SANOSTONE, FINES UPWARD INTO

REO SILTSTONE

MINOR FAULT

THIN- BEDDED MARLY LIMESTONE

MEDIUM- TO THICK-BEDDED LIMESTONE

ANO DOLOMITE

THIN-BEDDED MARLY LIMESTONE

DARK GRAY FETID DOLOMITE

CONTACT NOT EXPOSED

> LOWER CLASTIC UNIT OF THE VALLE DE

ANGELES GROUP



APPENDIX II-D

MEASURED SECTION F-F*

VALLE DE ANGELES GROUP

nd anpoaura

350

300 -

REO SANDSTONE, FINES UPWARD INTO

RED SILTSTONE

COARSENING- UPWARD RED CLAYSHALE AND SILTSTONE

RED SANDSTONE

RED SANDSTONE, FINES UPWARD INTO

RED SILTSTONE

COVERED

250 - '' ^' > J

200 -

ISO

100 -

COVERED

50

Om

COVERED

FINING-UPWARD SEQUENCES* RED OUARTZ PEBBLE

CONGLOMERATE AND RED SANDSTONE

COARSENING-UPWARD SEQUENCE-, GREEN AND

RED CLAYSHALE AND RED SILTSTONE

NODULAR CHERT

THICK -BEDDED LIMESTONE AND DOLOMITE

RED SILTSTONE, FINES UPWARD INTO RED CLAYSTONE

WHITE SANDSTONE

RED SILTSTONE



APPENDIX III

PALYNOLOGICAL AND PALEONTOLOGICAL DATA

Palynology

Sample: AG-292B

Locality: grid coordinate 701/938, near Poza del Tigre; 30 m above

base of Measured Section A-A' .

Formation: Todos Santos

Lithology: dark-grey finely-laminated calcareous siltstone

Flora: Appendicisporites cf . spinosus Pocock, 1964

Age: early Cretaceous

Palynologist : R.P. Curry
^

Paleontology

Sample: AG-224A through AG-224F

Locality: grid coorinate 666/856, near El Cantoral

Formation: Atima

Lithology: thin-bedded dark grey limestone and marl

Fauna: calpionellid (tintinnid)

Age: Aptian-lower Albian

Paleontologist: R.J. White

Sample: AG-225

Locality: grid coordinate 667/854, near El Cantoral
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Formation: Atima

Lithology: yellow-grey marly limestone

Fauna: calpionellid (tintinnid)

Age: Aptian-lower Albian

Paleontologist: R.J. White

Sample : AG-266

Locality: grid coordinate 618/024, near Quebradas

Formation: Atima

Lithology: limestone

Fauna: calpionellid (tintinnid)

Age: middle (?) to lower (?) Albian

Paleontologist: R.J. White

Sample: AG-268A and AG-268B

Locality: grid coorindate 608/987, near La Vereda

Formation: Atima

Lithology: thin-bedded limestone

Fauna: calpionellid (tintinnid)

Age: Cenomanian-Albian (?), poor preservation

Paleontologist: R.J. White

Sample: AG-394A through AG-394C

Locality: grid coordinate 558/997, near Las Delicias

Formation: Atima

Lithology: thin- to medium-bedded limestone

Fauna: calpionellid (tintinnid)



Age: Aptian-Albian (?)

Paleontologist: R.J. White

Sample: WSA-16311 through WSA-16315

Collected by: A. P. King

Locality: various; Talanga and Cedros quadrangles

Formation: Cantarranas; lower part of Yojoa Group

Lithology: limestone

Fauna: finely costate species of Olcostephanus

Age: Neocomian (Valanginian?)

Paleontologist: Keith Young



APPENDIX IV

K-AR AGES OF IGNEOUS ROCKS

INTRUSIVE ROCKS

SAMPLE LOCALITY MINERAL % K %40*Ar 4*Ar AGE (M.Y.)

(xlO~ scc/gm) (+ 1 a)

Minas de Oro granodiorite (Minas de Oro quad, collected by B.M. Simon-

3-70-4 unknown HBL 0.535 51 1.156 55.0+1.1

0.530

3-70-4 unknown BIOT 6.75 91 15.46 59.3+0.9
fc-73 as a 1 1

Gabbro dike (El Rosario quad, collected by R.H. Fakundiny)

745 415/145 HBL 0.515 66 1.619 79.6 + 1.6

0.512 67 1.627

Escobales granodiorite (San Juan de Flores quad, collected by R.C. Finch)

F-4 921/699 BIOT 7.53 67 4.60 15.5+0.2

7.63

San Ignacio granodiorite (Cedros quad?, collected by B.M. Simonson?)

SI-1 unknown BIOT 5.72 91 27.2 117.7 + 1.9

5.78 92 27.2

SI-1 unknown HBL 0.358 51 1.716 122.7+2.5

0.355 39 l.*

Notes: "Xp, = 4.963 x 10"10 yr"1; >e+/
= 0.581 x 10"1 yr 1;

40K/K = 1.167 x 10~4

All K-Ar ages by Fred W. McDowell, The University of Texas at Austin.
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VOLCANIC ROCKS

188

40* 40*
SAMPLE LOCALITY MINERAL % K % Ar _^ Ar AGE (M.Y.)

(xlO scc/gm) (+ 1 cr)

Andesite (San Buenaventura quad, collected by W.R. Muehlberger?)

623 736/346 PLAG 0.479 19 0.263 15.8 + 2.0

0.460 19 0.315

Andesite (Lepaterique quad, collected by W.R. Dupre)

M-2 685/630 PLAG 0.510 29 0.276 13.5 + 0.5

0.510 19 0.261

Olivine basalt (Comayagua quad, collected by J.R. Everett?)

819 254/029 W.R. 1.142 71 1.427 31.7 + 0.6

1.135 68 1.406

Ignimbrite (San Pedro Zacapa quad, collected by R.C. Finch)

4-732 735/305 PLAG 1.189 60 1.411 30.9+1.5

1.218 45 1.507

Basalt (San Pedro Zacapa quad, collected by R.C. Finch)

4-733 736/303 W.R. 1.222 71 1.428 30.0+0.6

1.217 67 1.435

Rhyolitic ignimbrite (Comayagua quad, collected by J.R. Everett)

752B 383/948 K-FELD 6.40 89 4.32 17.2+0.4

6.33 92 4.23

752B 383/948 BIOT 6.15 68 4.52 18.9 + 0.3

6.17 58 4.57

Comedor ignimbrite, unit A (Zambrano quad, collected by W.R. Dupre)

475 472/795 PLAG 0.931 34 0.476 14.0+0.9

0.898 18 0.522

Andesitic ignimbrite (Zambrano quad, collected by W.R. Dupre)

503 484/796 PLAG 0.529 20 0.264 13.2+0.5

0.512 22 0.271

Notes: ^0 = 4.963 x 10"10 yr"1; X4>/
= 0.581 x 10" yr" ;

40K/K = 1.167 x 10"4

All K-Ar ages by Fred W. McDowell, The University of Texas at Austin.



VOLCANIC ROCKS (CONT'D)

SAMPLE LOCALITY MINERAL % K %40*Ar 4*Ar AGE (M.Y.)

(xlO" scc/gm) (+ 1 C)

Tenampua ignimbrite (Zambrano quad, collected by W.R. Dupre)

432 570/770 K-FELD 4.31 80 1.74 10.6 +0.2

4.26 38 1.81

61 1.77

683 624/667 K-FELD 4.35 62 1.70 10.4+0.2

4.30 75 1.79

Olivine basalt (Siguatepeque quad, collected by D.W. Curran)

S 1714 955/096 W.R. 1.190 36 0.503 10.7 + 0.2

1.203 35 0.490

Basalt dike (Siguatepeque quad, collected by D.W. Curran)

S 553 068/134 W.R. 1.108 36 0.497 11.3 + 0.3

1.147 31 0.492

Basalt (Siguatepeque quad, collected by D.W. Curran)

S 1727 057/110 W.R. 1.093 30 0.490 11.6 + 0.3

1.102 28 0.506

-10 -1 \ n em ,o-10 ..

-1

Notes: Xfr = 4.963 x 10 yr ; X+/= 0.581 x 10" yr" ;

40K/K = 1.167 x 10"4

All K-Ar ages by Fred W. McDowell, The University of Texas at Austin.



APPENDIX V

PHOTOMICROGRAPHS
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PLATE XI

PHOTOMICROGRAPHS

AG-238, Todos Santos Formation from 628/015. Pebble conglomerate:
submature feldspathic phyllarenite. Contains abundant slate and

low-rank schist fragments (M) . Most of the quartz (Q) is of

metamorphic origin. Plane-polarized light; field of view is

6.7 x 10.0 mm.

AG-238, Todos Santos Formation. Same as A, above, except crossed

nicols.

AG-314, Atima Formation from Measured Section B-B'. Recrystal

lized, bioturbated, sandy biomicrite. The laminations probably
have an algal origin. Plane-polarized light; field of view is

1.9 x 2.9 mm.

AG-326, Atima Formation from Measured Section C-C. Dolomitized

micritic limestone. Note zonation of dolomite rhombs. Plane

polarized light; field of view is 1.5 x 2.3 mm.

AG-247, Valle de Angeles Group from 639/011. Coarse sandstone:

siliceous submature plagioclase arkose. Abundant plagioclase
(P) , quartz (Q) and less abundant volcanic rock fragments (V)
of intermediate composition. Plane-polarized light; field of

view is 1.9 x 2.9 mm.

AG-247, Valle de Angeles Group. Same as E, above, except crossed

nicols .

AG-348, Esquias Formation from Measured Section D-D'. Slightly

dolomitized, algal-rich, packed biomicrite. Note dolomite

rhomb (D) and algae fragments. Plane-polarized light; field

of view is 1.5 x 2.3 mm.

AG-359, Esquias Formation, from Measured Section E-E'. Poorly

washed, algal-rich biosparite. Detail of algal fragment.
Crossed nicols, field of view is 1.5 x 2.3 mm.
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( A ) AG-238

( E ) AG-247

( G ) AG-348

( B ) AG-238
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PLATE XII

PHOTOMICROGRAPHS

AG-242, Matagalpa Formation from 637/022. Holocrystalline,

porphyritic andesite. Andesine plagioclase (P) with re

sorption rims, and resorbed hypersthene (H) . Plane-polarized

light; field of view is 1.9 x 2.9 mm.

AG-233A, Matagalpa Formation from 638/021. Pilotaxitic an

desite with some interstitial glass. Andesine plagioclase
(P) and augite or pigeonite (A) . Sample is partially sili

cified. Plane-polarized light; field of view is 1.5 x

2.3 mm.

AG-228, Padre Miguel Group from 701/003. Crystal-lithic

ignimbrite with euhedral quartz (Q) and sanidine (S) in a

glassy groundmass. Plane-polarized light; field of view

is 6.7 x 10.0 mm.

AG-342, Quartz-porphyry dike from 712/933. Euhedral quartz

(Q) and metamorphic rocks fragments (M) in a slightly sheared,

recrystallized groundmass. Crossed nicols; field of view is

1.9 x 2.9 mm.

AG-156A, Basalt of the Padre Miguel Group, from 545/888.

Intergranular texture, with andesine-labradorite plagioclase

(P) and hypersthene (H) . Minor alteration of hypersthene
to serpentine (upper right). Plane-polarized light; field

of view is 1.9 x 2.9 mm.

AG-156A, Basalt of the Padre Miguel Group. Same as E, above,

except crossed nicols.

AG-256, El Boqueron gabbro, from 559/028. Intergranular to

sub-ophitic texture. Labradorite plagioclase (P) , hypers
thene (H) and augite or pigeonite (A) . Plane-polarized

light; field of view is 1.9 x 2.9 mm.

AG-256, El Boqueron gabbro. Same as G, above, except crossed

nicols.
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