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INTRODUCTION

The chapters of this dissertation cover a broad range of topics on the

geology of the Chortis block of northern Central America. Nonetheless, all ofmy

work does have a principal focus other than the geology of the Valle de

Catacamas region. Although my fieldwork is based on the valley, the initial

purpose was to use the fieldwork to develop an improved picture ofthe regional

tectonics. In spite of the fact that the interpretations were unanticipated,

geologic mapping in the Valle de Catacamas has led to a newmodel for the

regional tectonics. Thus, I will briefly review the reasoning behind mapping this

area.

Although regional geologic studies of Central America had been done since

the 19th century (e.g., Sapper, 1937), geologic mapping in northern Central

America only started approximately forty years ago. Carpenter (1954) and

Walper (1960) published the first detailed maps of specific areas. Earlywork in

the region delineated some of the major structural and stratigraphic differences

between adjoining regions which led to the division of northern Central America

into separate blocks (Dengo and Bohnenberger, 1969). Regional stratigraphic

studies ofthe Chortis block (Mills et al., 1967; Burkart et al., 1973;Weber, 1979)

showed that the Mesozoic stratigraphy is common to all of the block, whereas it

is distinct from neighboring regions ofGuatemala (Clemons, 1966). Studies of

earthquakes (Molnar and Sykes, 1969; Plafker, 1978) and mapping of fault zones

(Burkart, 1978; Schwartz et al., 1979) have shown that the boundary between the

Chortis block and the Maya block (Yucatan and northern Guatemala) is a major

sinistral strike-slip fault zone. Onshore these are two major faults, the Motagua

and Polochic fault zones which form the North America-Caribbean plate

boundary. These faults join and continue offshore as a single major fault, the

Swan Islands fault. The Cayman Trough is a young ocean basin forming as a

result of strike-slip faulting on the Swan Islands fault and another major

sinistral fault, the Oriente fault. These two faultsmake a major left-step which

is causing oceanic crust to form at the Mid Cayman Rise. The length ofthe trough

gives the total amount of strike-slip for Swan Islands and Oriente faults which in

1
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CHARACTERISTICS OF BASEMENT ROCKS, CENTRAL AMERICA

Terrane

(as defined

by Dengo)

Rock type

Crustal thickness/
Seismic velocities

(km/sec)

Crustal type

Age

Chortis block

low grade phyllites
Cacaguapa Schist

Greenschist metamorphic rocks

Some higher grade rocks exposed
Some metaigneous rocks exposed

(e.g., Simonson 1977)

37 km

5.69/6.14/6.80/(8.0)

(Kim et al., 1982)

continental

pre-Mesozoic

presumed Paleozoic

(see text)

Maya block

amphibolitlc schist

Chuacus Metamorphic rocks

garnet amphibolites
(McBirney, 1963)

43 km

5.0/6.1/6.95/7.6/8.2

(Castro Escamilla, 1980)

continental

Paleozoic metamorphism
1 100 Ma protolith?

(Gomberg et al., 1968)

Southern Central America

oceanic/ophiolitic
Santa Elena complex

(Weyl, 1980)

43 km

2.6/5.1/6.2/6.6/7.9

(Matumoto et al.. 1977)

Transitional

Ocean/island arc

Mesozoic

(Weyl, 1980)

Table 1.1. The terranes ofCentralAmerica were defined by Dengo (1969) and Dengo and Bohnenberger (1969). The

basement rocks of each terrane are distinct. The crustal structure based on seismic velocities and total crustal thickness

are similar for the three terranes as was noted by Gose (1985b). Matumoto et al. (1977, p. 121) noted that the geology of

southern Central America is oceanic. However, their velocity model indicates that the origin of southern Central

America is similar to other circum-Pacific island arcs. These velocity profiles are similar to continental crust. Kim et

al. (1982) believe that further study is needed to explain the discrepancy between geological data and seismic data for

southern Central America, because the velocity values cannot be interpreted as oceanic-type crust.
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11

schist is the oldest metamorphic unit and the sedimentary rocks were deposited

on the augen schist.

Figure 1.2. Photomicrograph ofAugen Schist Member, plane polarized
light. This sample is from 07.3/21.75, Orica-Guayape map sheet 2860-III, just to

the east of the El Porvenir sheet. There is a round garnet in the center of the

picture. Coarse white mica is the main phase. Sphene and biotite are included in

this view. Field of view is approximately 1.2 mm (lengthwise).

Structure

The Cacaguapa Schist experienced several phases of deformation. Its

structure has not yet been studied on a regional scale, but local studies have been

done in a few widely separated areas. Isoclinal folding has been documented by

Fakundiny (1970), Home et al. (1976) and Simonson (1977). In the Sierra de

Omoa, Home et al. (1976) documented three phases of folding and formation of

axial planar foliation and/or cleavage. First generation foliations in the El

Porvenir region make a well defined girdle on stereonets indicating folding about

a northwest-plunging axis (Simonson, 1977). A second generation foliation is
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interbedded sandstone and shale which they believe directly overlie basement

schists. Their upper El Plan Formation consists of sandstone and interbedded

shale. It is more quartzose, has fossiliferous layers and includes oystermounds.

Roberts and Irving (1957) briefly described the geology oftheAgua Fria gold

mine. They called the rocks alternating thin-bedded shales and gray quartzites.

They estimated a thickness of at least 4000 ft. (1200 m). Finch and Ritchie (1990)

show a thick measured section ofHonduras Group alongAgua Fria Creek. They

also show six fossil localities within the Honduras Group in the Danli region.

Kozuch (1989a) suggests that theAgua Fria Formation could be as thick as

3000 m in the Catacamas Valley, but does not present ameasured section because

the geology of his area is complicated.

Ritchie and Finch (1985) described the rocks ofthe Honduras Group as

dark-colored shale, siltstone, immature sandstone, and quartz-pebble

conglomerate. In the course ofmymapping, I have found that the Agua Fria

Formation consists of thin-bedded, dominantly gray shale and sandstone

(turbidites?) whereas the unnamed siliciclastic member is dominantly orange,

coarse-grained sandstone and conglomerate. The Agua Fria has amuch higher

percentage of shale whereas the unnamed siliciclastic member has amuch

higher percentage of quartz pebble conglomerate.

Bohnenberger and Dengo (1978) concluded that Honduran coal beds were

part of the "El Plan Formation" based on gross lithologic character. Coal beds

have been found at El Pataste and in the Azacualpa region (Figure 2.2) within the

Agua Fria Formation, thus confirming the work of Bohnenberger and Dengo

(1978). Kozuch (1989a) found plant fossils in the vicinity of some coal beds.

Much of the Agua Fria Formation displays a metamorphic sheen as does

the El Plan Formation at San Juancito (Carpenter, 1954). MetamorphosedAgua

Fria is very common in the Catacamas Valley region (Kozuch, 1989a, b; Gordon,

in press). Carpenter (1954) suggested that the basement rocks could be

metamorphosed El Plan Formation, but said that it was not likely based on the

field relationships. Recent workers (e.g., Gordon and Kozuch) have noted that

metamorphosed Agua Fria Formation is commonly difficult to distinguish from

the low-grade metamorphic rocks of the basement. This similarity could be due
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to equivalent bulk composition and does not necessarily imply that they are the

same age ormetamorphic grade.

Paleontology and Age

In the past ten years, much new data has become available on the age of

Honduras Group sedimentary rocks, including the Agua Fria Formation. These

data indicate that the formation is Middle Jurassic, not Early Jurassic as

Sapper, Bose, and Miillerried suggested for the original plant fossils studied by

Newberry. Other strata which are included in the Honduras Group vary in age

from Middle Jurassic to Early Cretaceous.

Delevoryas and Srivastava (1981) studied plant fossils at a new locality

near Jalteva, Honduras (Figure 2.2). They give a systematic description of four

divisions of plants collected at this locality. They relied on plant impressions

inasmuch as they were unable to recover any plant fragments or find any

palynomorphs. No other paleontological data is available from this locality.

They assigned the strata tentatively to the Middle Jurassic.

Ritchie and Finch (1985) reported the discovery of a Bajocian ammonite,

Stephanoceras. at San Juancito. The ammonite is from strata in the San

Juancito region which are correlated with Carpenter's El Plan Formation, but

not from the exact locality where plant fossils were collected by Rolker and

Leggett. Ritchie and Finch (1985) also state that new plant fossils from San

Juancito and El Pataste (see Figure 2.2) have been positively identified as

Jurassic and that fragmentary plant remains from Pozo Bendito (just east of

Danli) are thought to be Jurassic. The strata that yielded the ammonite are the

oldest, positively dated strata within the Agua Fria (or El Plan) Formation

whereas the age ofthe plant fossils is less precise.

In 1987, ammonites were collected from the Agua Fria Formation in the

Danli region (location: UTM coordinates 34.6/50.5, Danli quadrangle, hoja

2858-n, near Jacaleapa, see Figure 2.2) and were sent to Keith Young (The

University of Texas at Austin), for analysis. Young identified the following

fauna: AMiddle Jurassic macrocephalitid, undetermined, and a Middle Jurassic
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stephanocerid or pseudoperisphinctid, undetermined. Young will publish

specific information on these fauna elsewhere.

Although a broader range of ages may be discovered in the course of future

work on the Agua Fria Formation, the data presently available suggest that most,

if not all, ofthe datedAgua Fria strata are ofMiddle Jurassic age.

Environment of deposition

A successful depositional model for the Agua Fria Formation needs to take

into account all of the observations which in this case are diverse. Specifically,

the formation contains plant fossils, coal beds, marl beds, and marine

invertebrates. Clearly part of the formation represents nonmarine deposits, but

marine deposits probably dominate. Carpenter (1954) proposed that the El Plan

Formation is a flood-plain to shallow marine deposit. Gallo and VanWagoner

(1978) called the lower El Plan Formation a deep marine, outer shelf deposit, and

the upper El Plan Formation progradational shelfal sands. I believe that some of

the beds are turbidites as was proposed by Gallo andVanWagoner. However, the

part of the section with coal beds must be nonmarine. Detailed sedimentological

facies mapping has not yet been done in Honduras.

OTHER JURASSIC STRATA ON THE CHORTIS BLOCK?

A few dates have been obtained on Honduras Group stratawhich are not

included in the Agua Fria (El Plan) Formation. Carpenter (1954) mapped some

beds which he called "Undefined Jurassic". These beds contain numerous

Trigonia cf. ouadrangularis. Gervillia. and Meretrix? fossils of Jurassic age.

Carpenter did not believe that he could correlate these beds with the El Plan

Formation. By definition (Finch, 1985; Ritchie and Finch, 1985), these beds

should just be included in the Honduras Group. Palynomorphs from the

unnamed siliciclastic member are of Early Cretaceous (pre-Albian) age at Pito

Solo near Lake Yojoa (Gose and Finch, 1987). Likewise, Emmet (1983) reports

Early Cretaceous palynomorphs from the unnamed siliciclastic member in the

Agalteca region. Though some of the unnamed siliciclastic member may, in fact,

be Jurassic, it should not be called Jurassic until it can be dated.
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Three other sites with presumed Jurassic plant fossils have been reported

in the literature. However, these Jurassic ages have not been confirmed.

Mullerried (1939 and 1942) reported Jurassic plant remains at Jocotan,

Guatemala, and Catacamas, Honduras (Figure 2.2). At Jocotan, Mullerried (1939,

p. 42) reported coal, "vegetales fosiles", and cycads. However, Crane's (1965)

mapping showed thatMiocene Padre Miguel Group crops out in this area. Thus,

concerning Mullerried's report Crane (1965, p. 44) said: "In view ofthe structural

and stratigraphic relationships of the area and the poor preservation of plant

remains in the lignite, Mullerried's fossils were probably not Jurassic cycads."

In fact, the nearest exposure ofwhat we now call Honduras Group is at Ermita

(Figure 2.2) which is 30 km south of Jocotan (Burkart et al., 1973). At Catacamas,

Mullerried (1939, p. 47) did not give any specific detail on the "madera fosil", thus

the age of the stratawith fossil wood remains unclear. I have not encountered

fossil wood in sub-Atima strata while mapping the Catacamas region (Gordon, in

press). From Mullerried's (1939) description, I believe that the strata to which he

refers belong to the unnamed siliciclastic member ofthe Honduras Group. If so,

these strata could be Jurassic or Lower Cretaceous, but they remain undated. C.H.

Wegemann Un Schuchert, 1935, p. 362) found "cycads" in chert 10-15 miles (16-

24 km) east of Santo Tomas in Nicaragua. This town is described as being on the

edge ofthe "great jungle", thus I suspect, but do not know, thatWegemann was

referring to the Santo Tomas at 12.04N 85.02Wwhich is south ofthe Chortis

block, sensu stricto. These "cycads" were lost. Wegemann assumed that theywere

of Jurassic age, but this age was never confirmed. Wegemann described shale,

sandstones and volcanic ash at the same locality. McBirney andWilliams (1965)

mapped Tertiary volcanic rocks in this region, and did not report any Mesozoic

strata. Thus, this location could also be Tertiary as the Jocotan site has proven

to be. The Jurassic age at Santo Tomas was never proved and has not been

confirmed.

Simonson (1977) reports carbonized plant remains in the basal siliciclastic

beds ofthe El Porvenir region (Figure 2.2). He mapped these (Simonson, 1981) as

Jurassic, but the beds have not been dated. This unit could be equivalent to the

Agua Fria Formation, but his description is very unlike the Agua Fria
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Formation. Leaving the unit unnamed as Simonson did is certainly wise.

Simonson was the first worker to abandon the usage ofTodos Santos Formation

in Honduras since its adoption byMills et al. (1967). At present the only age

constraint for the basal siliciclastic unit at El Porvenir is its stratigraphic

position which Simonson claimed is beneath the Atima Limestone. In other

words its age is pre-Aptian, not necessarily Jurassic. From his description

(Simonson, 1977), some of his basal siliciclastic unit should be mapped

separately because part of it contains limestone cobbles, implying that at least

part of the mapped unit overlies the Atima Limestone.

Clastic rocks have beenmapped below the Atima Limestone in many

localities on the Chortis block (Mills et al., 1967; Fakundiny and Everett, 1976;

Atwood et al., 1976; Simonson, 1981). These rocks are commonly called Jurassic

because the Atima Limestone is ofEarly Cretaceous age. However, the Atima

Limestone is mostly restricted to the Aptlan and the Albian. Thus, there is

sufficient time to deposit the relatively thin siliciclastic member during the

Early Cretaceous prior to theAptlan. These strata are appropriately dated as

Jurassic to Aptlan or Jurassic toAlbian by some workers (Burkart, 1965; Weber,

1979; Curran, 1981; Emmet and Logan, 1983; Finch, 1985).

JURASSIC IGNEOUS ROCKS

In most places where it has been studied, theAgua Fria Formation has a

very low (negligible) volcanogenic component. However, east of the Guayape

fault, a thick volcanic accumulation has been found above the sandstones and

shales of the Agua Fria Formation. Mills et al. (1967) were the first to report

these volcanic rocks. Along the course ofRioWampu (Figure 2.2), theymeasured

500 ft. (150 m) of dark red, andesitic volcanic flows above the dark, very fine

grained sandstones and shales of the Agua Fria Formation. Along the course of

Rio Patuca, just east ofthe Guayape fault, I have found a similar thickness of

volcanic rocks of intermediate composition above sandstones and shales of the

Agua Fria Formation. The volcanic rocks are tuffs which rest conformably on

top ofthe sedimentary rocks. Exposure along Rio Patuca is excellent and the

relationship is unambiguous. I have also mapped (Gordon, in press) volcanic
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rocks within the Agua Fria Formation in the Catacamas Valley region (Figure

2.2). These volcanic rocks also crop out only on the east side ofthe Guayape fault.

These volcanic rocks have experienced low-grade metamorphism. I have found

both pyroclastic rocks and lava flows, but all of the volcanic rocks are either

andesites or dacites. The Catacamas region is more complicated than the Patuca

region. However, the volcanic rocks are certainly intercalated with the

sedimentary rocks. These Agua Fria volcanic rocks are apparently limited to the

east side of the Guayape fault. Much futurework needs to be done on their

distribution, composition and age.

Although only a few intrusions have been well dated isotopically in

Honduras, some of these are ofJurassic age. A small (5 km2) pluton is exposed

near San Marcos, Honduras and intrudes the metamorphic basement (Home et

al., 1976). Its composition varies from quartz monzonite to granodiorite. With

the Rb-Sr data ofHome et al. (1976) and the new IUGS decay constant (1.42 X 10"

11/y"1) L.E. Long (pers. comrnun.) obtained an age of 149 7 Ma for the San

Marcos pluton. The Dipilto Batholith crops out over several thousand square

kilometers near the Honduras-Nicarargua border (Home and Clark, 1978,

unpublished). It also intrudes the basement rocks. Samples that Home and

Clark used for dating range in composition from quartz monzonite to biotite-

rich tonalite. L.E. Long (pers. comrnun.) recalculated the Rb-Sr age of this pluton

as 138 7 Ma (approximately on the Jurassic-Cretaceous boundary) using the

new decay constant and the data ofHome and Clark. As more samples are

isotopically dated, the number of known Jurassic intrusions will probably

increase.

CONCLUSIONS

Jurassic strata crop out in a broad region of the Chortis block. Some of the

strata is well-dated biostratigraphically, but much of this information is the

result of reconnaissance work. The Agua Fria Formation of the Honduras Group

is the most widespread unit. Recent dates of theAgua Fria Formation are

restricted to the Middle Jurassic. Older dates are reported in the literature, but

they are probably Early Jurassic, not Late Triassic as was originally reported.



34

These early dates have not been reproduced during recent, better documented

work. Other Jurassic strata are included in the Honduras Group. These are local

units which have not been correlated with the Agua Fria Formation. The

Honduras Group extends into the Lower Cretaceous. The unnamed siliciclastic

member ofthe Honduras Group may not be much older than the Aptian-Albian

Atima Limestone.

Bringing the rich flora ofHonduras to the attention of geologists was the

object ofNewberry's (1888b) paper. Unfortunately, a ninety-three year gap

followed before the next systematic study of plant fossils in Honduras

(Delevoryas and Srivastava, 1981). Let us hope that much more data will shortly

become available on the subject of these strata, and that the time gap between

major publications ismuch less in the future than it has been in the past.



CHAPTER 3

NEOGENE TECTONICS OFTHE CHORTIS BLOCK* AWIDE ZONE OF

DEFORMATION RESPONDING TO INTERACTION BETWEEN

THE NORTH AMERICA AND CARIBBEAN PLATES

ABSTRACT

In the northwestern corner of the Caribbean plate, the Chortis block is

experiencing a wide variety ofNeogene faulting regimes. The block is bounded to

the north by the North America-Caribbean plate boundarywhich has undergone

large magnitude sinistral strike-slip faulting throughout the Cenozoic. Normal

faulting south ofthe plate boundary is a direct consequence ofthe strike-slip

faulting as has been demonstrated by the distribution of recent earthquakes. Our

mapping shows that amajor block boundary, the Guayape fault has a dextral

sense of slip, not sinistral as was previously assumed. The pattern of faulting

within the Chortis block has led previous workers to the conclusion that the

"block" is itself divided into smaller blocks which are independently rotating.

Although we support their fundamental premise, we have modified their

interpretation in light of new data. Our model shows that most of the Chortis

block is a zone of deformation resulting from interaction between the North

America and Caribbean plates.

INTRODUCTION

Recent interest in the Neogene deformation of the Chortis block (northern

CentralAmerica south of the Motagua fault) has resulted in the development of

several models for the deformation ofthe region. Mann and Burke (1984a)

showed that rifts open as the Caribbean plate rotates past Yucatan (Figure 3. 1).

Burkart and Self (1985) proposed that deformation in the region is dominated by

block rotation and segmentation of the volcanic arc. Manton (1987) proposed

that Honduras is divided into domains of rotating faults. Burkart and Self (1985)

concentrated on Guatemala and El Salvador because the geology is better

documented, whereas Manton (1987) concentrated on Honduras and mostly

studied the drainage patterns. These studies demonstrate that the deformation of

35
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the Chortis block is associated with the North America-Caribbean plate

boundary zone. However, their models of deformation are different, partly

because they have used different data bases.

The Guayape fault is presented as a major tectonic element in several

previous discussions about the Neogene deformation of the Chortis block.

Previous workers have considered the fault to be a major sinistral fault although

geologic data from this regionwas not yet available. Offset drainage or offset

topography was used to show a sinistral sense of slip of about 50 km for the fault

(Ritchie and Finch, 1984; Burkart and Self, 1985). Burkart and Self (1985) used

the fault as a boundary between differentially rotating crustal blocks. They

explained the sinistral shear by segmentation of the volcanic arc and greater

opening ofthe Nicaragua Depression south ofthe fault. Emmet (1986) considered

this region ofHonduras a sinistral shear zone. Manton (1987) adopted this sense

of slip. His model shows the Guayape fault as part of a group of faults which are

boundaries of fault blocks rotating in sinistral shear whereas central and

western Honduras are divided into blocks rotating in dextral shear.

Fieldwork along the Guayape fault demonstrates that the most recent

episode of faulting has been dextral (Gordon, 1987a; Ritchie and Finch, 1989).

Clearly, the reinterpretation ofthe sense of slip of a major fault necessitates a

reinterpretation of the tectonic model for the deformation of Central America.

Northern Central America is an appropriate place to develop models to

understand the interaction between a major transform fault system (North

America-Caribbean plate boundary) and an active trench-arc system (Caribbean-

Cocos plate boundary) (Burkart and Self, 1985). Understanding the deformation

of a wide (200 km) plate boundary zone along a large offset transform fault is a

topic of general interest. Understanding the tectonic style of a region of active

tectonics such as northern CentralAmerica is necessary to develop appropriate

tectonic models for regions of ancient tectonic activity. Considering these

points, we have used our new interpretation of the Guayape fault to revise the

tectonic model proposed by Burkart and Self (1985) for the deformation ofthe
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Chortis block. Although we use their knowledge ofbetter mapped regions in El

Salvador and Guatemala, we also introduce much data from Honduras where

students and scientists from The University ofTexas at Austin have been

working since 1968.

In this paper, we document the Neogene deformation ofthe Chortis block.

By understanding this tectonic activity, we determine how the intraplate

deformation is related to activity on the plate boundary. We conclude that the

intraplate deformation of the Chortis block is mostly caused by movement along

the North America-Caribbean plate boundary.

The Chortis block

The term Chortis block refers to the distinctive basement and Mesozoic

geology of northern CentralAmerica south ofthe Motagua fault (Dengo, 1969).

The term is not used in the sense of an active platelet; the Chortis block is part of

the semi-rigid Caribbean plate. In this sense, the Chortis block (e.g., Donnelly,

1989) is used in the manner that Cordilleran workers use the term "terrane". It is

convenient to use the term Chortis block as a geographical term to describe the

Neogene tectonics because the tectonic style south ofthe Motagua fault is distinct

from both the region north of the fault and from southern Central America

(southern Nicaragua, Costa Rica and Panama).

REGIONAL TECTONIC OVERVIEW

Internal deformation of the Chortis block is controlled by two well-defined,

seismically active plate boundaries on the north and on the southwest (Figure

3. 1). We believe that much of the Chortis block is part of a diffuse North America-

Caribbean plate boundary zone. In this paper, we use the term plate boundary to

refer to the principal break between different plates, e.g. the Swan Islands and

Motagua faults are collectively called the North America-Caribbean plate

boundary. However, we recognize that amuch broader region of deformation is

associated with movement on the plate boundary. We call this zone the plate

boundary zone.
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North America-Caribbean plate boundary zone

The opening ofthe Cayman Trough has dominated the Tertiary tectonics of

the northwester^ Caribbean region. The Cayman Trough has been forming

because of a left-step in a left-lateral transform fault system (Figure 3.2). This

geometry has made the Cayman Trough the world's longest pull-apart basin

(Mann et al., 1983). The length ofthe Cayman Trough that has formed in this

manner equals the offset ofthe transform fault system. These two faults, the

Swan Islands fault in the west and the Oriente fault in the east, form the North

America-Caribbean plate boundary. Rosencrantz and Sclater (1986) and

Rosencrantz et al. (1988) determined that 960 km of oceanic crust has formed

within the Cayman Trough since the Eocene, and was preceded by 140 km

extension of preexisting crust. Thus, the North American plate has moved 1 100

km to the west with respect to the Caribbean plate since the Eocene. The opening

rate for the Cayman rise, and thus the slip rate for the two transform faults, has

been determined from magnetic anomalies (Rosencrantz and others, 1988).

Using both the magnetic anomaly interpretation and subsidence curves, they

estimated a total spreading rate of 15 mm a"1 for the last 25-30 m.y. Prior to

30 Ma the spreading rate was faster.

The plate boundary continues onshore in Central America as the Motagua

and Polochic fault systems. The total strike-slip offset across the Polochic fault

is 130 km (Burkart, 1978; Burkart et al., 1987), and has occurred since 10.3 Ma

(Deaton and Burkart, 1984). Based on these values, it has a long-term slip rate of

13 mm a" 1. Deaton and Burkart believe that most of the offset occurred between

10.3 and 6.6 Ma. However, the Polochic fault is still active as evidenced by a

major earthquake in 1816 (White, 1985) and left-lateral offsets of streams

(Kupfer and Godoy O., 1967).

Little is known about the total offset of the Motagua fault or its long-term

slip rate. The modernMotagua fault has formed on the site of a suture zone

(Schwartz and Newcomb, 1973) that developed in the Maastrichtian based on the

age of synorogenic deposits (Cepek, 1975). The presence ofthe suture implies that

no pre-Tertiary piercing points can be defined across the Motagua fault, thus it

may prove impossible to estimate its total offset. Johnson and Muller (1985)
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state that the maximum demonstrated offset across the Motagua fault is roughly

20 km, but this is only for alluvial fans of Plio-Pleistocene age. Donnelly (1989)

argues against total offset since the Eocene larger than tens of kilometers

whereas Muller (1980) proposes that the offsetmay be as large as 500 km. The

1976 Guatemalan earthquake showed beyond all doubt that the Motagua fault is

an active left-lateral strike-slip fault (Plafker, 1976). Offset terrace deposits

show that the slip rate for the Motagua fault is 1.5 to 6mm a"1 for the last 10 to

40 ka (Schwartz et al., 1979).

Assuming that the 6mm a"
l
slip rate is the best estimate for a long term

slip rate on the Motagua fault, then the slip rate for the past 10 Ma along the

onland faults (19 mm a"1) is approximately the same as the rate of spreading in

the Cayman Trough (15 mm a"1, Rosencrantz et al., 1988). In spite of this

encouraging result, this analysis is simplistic; it does not account formuch ofthe

large offset observed along the Cayman Trough. Some of the sinistral slip may

have occurred on faults which are no longer active, sinistral faults (Gordon,

1987b). Thus, a better understanding ofthe interior ofthe Chortis block is

needed to address the problem of total sinistral strike-slip faulting in Central

America and to evaluate the role of other tectonic features within the Chortis

block.

Caribbean-Cocos plate boundary zone

The Cocos plate is being subducted beneath the Caribbean plate. The

convergence rate at the Gulf of Fonseca is 81 mm a"1 and a well-definedWadati-

Benioff zone continues to a depth of 200 km (Burbach et al., 1984). The modern

volcanic arc occurs above the 100 km contour oftheWadati-Benioff zone. In

spite ofthe high seismic activity and the rapid convergence, the effects of

subduction onshore have been minimal. Other than the volcanoes, the principal

effect of subduction has been the formation of a rift parallel to the trench.

DEXTRAL GUAYAPE FAULT

The Guayape fault is the longest, continuous structural feature in Honduras.

It extends 290 km southwest from the Caribbean coast to the Valle de Jamastran
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region (Figure 3.1; Plate HI). A possible extension ofthe fault, the Choluteca

linear, may continue through Neogene volcanic deposits to the Gulf of Fonseca.

Recognizing that the Guayape fault is an important regional tectonic element,

Ritchie and Finch (1984) began geologic reconnaissance along the fault.

The Guayape fault was first recognized by the alignment of the drainage in

easternHonduras (Elvir, 1974; Muehlberger, 1976). Five major rivers (Rio

Paulaya, Rio Pataste, Rio Tinto, Rio Guayape, and Rio Guayambre; Plate in) are

aligned along the fault with a N 30 E trend. The river alignment has been

confirmed as amajor fault zone by subsequent geologic studies (e.g., Ritchie and

Finch, 1984). Major topographic scarps define the river valley and can be seen on

SIR images, LandSAT images, aerial photographs and topographic maps.

Geologic studies along this zone confirm that these are fault scarps. Bedrock

units within the fault zone are faulted, and the faults have a dominantly N 30 E

strike. Highly sheared rocks with a N 40 E foliation are present in Rio

Guayambre near its confluence with Rio Guayape. Sufficient work has now been

done on the Guayape fault to demonstrate that it is a major strike-slip fault

extending from the Caribbean coast to the region of El Paraiso, Honduras (Plate

III). To include it in the regional tectonic model we need to establish its sense and

timing of slip.

Caption for Plate ni (see back):

Lineaments associated with the Guayape fault. Topographic maps are the

primary source for this map. Interpretation has been corroborated with geologic

mapping in the Valle de Catacamas (Kozuch, 1989, and Plate I) and the Danli

region (Finch and Ritchie, 1990) and reconnaissance along the fault from the

valley of RioWampu to El Paraiso. The Guayape fault (from north to south)

follows the courses of Rio Paulaya, Rio Pataste, Rio Tinto, Rio Guayape and Rio

Guayambre. In order to show the courses ofthe rivers, faults are generally not

drawn in the middle of the five major rivers, although the principal fault

probably occurs within the stream channel along the length of the fault. Four

major basins (stippled) are forming due to dextral strike-slip faulting on the

Guayape fault. The valley ofRio Sico (south ofthe Caribbean Sea) and the Valle
de Jamastran are forming as dextral strike-slip basins. The Valle de Catacamas
and the Valle de Azacualpa are forming as releasing bend dextral fault wedge
basins.
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Our principal evidence for sense of slip comes from the Valle de Catacamas

where I have geologicallymapped a region that straddles the Guayape fault (Plate

I). The valley is forming due to a major normal fault system on its northern side.

This fault has as much as 2 km of topographic relief associated with it. The

normal fault strikes N 65 E, making a 30 angle with the Guayape fault, and is

forming as a splay fault to the Guayape fault. This relationship would be

incompatible with sinistral shear on the Guayape fault, but completely

consistent with dextral shear on the fault. Thus, we interpret the fault as dextral

(Gordon, 1987a). The form ofthe Valle de Catacamas is very similar to a

releasing junction fault wedge basin on a dextral fault (cf., Christie-Blick and

Biddle, 1985).

Three othermajor basins are forming along the Guayape fault (Plate III).

Their physiographic forms also suggest that they are dextral strike-slip basins.

Two of these, the valley of Rio Sico and the Valle de Jamastran are forming at

right-steps of the principal segments of the Guayape fault. Extensional basins

forming at right-steps are dextral pull-apart basins (Mann et al., 1983). The Valle

de Azacualpa has a similar form to that ofthe Valle de Catacamas suggesting that

it, too, is a releasing junction wedge basin. Thus, evidence for dextral slip is

present along the entire Guayape fault.

Only a few kilometers of right-slip is needed to form the tectonic basins

along the Guayape fault. Earlier sinistral motion could have resulted from

significant offset (80 km?) which is discussed elsewhere (Chapter 5).

The age of faulting is crucial for the tectonic model, but there are relatively

few constraints on the timing of faulting on the Guayape fault. The youngest

units definitely deformed by the Guayape fault are Tertiary volcanic rocks. In

the vicinity of El Paraiso (Plate III), ignimbrite units very similar to ignimbrites

dated as Miocene in central Honduras have been displaced by the Guayape fault.

In the Valle de Catacamas, terraces as much as 200m above the level ofthe valley

floor have beenmapped east ofthe Guayape fault, whereaswest ofthe fault

terraces rise only 20-30 m above the level of the rivers. These observations

suggest recent tectonic activity, either late Tertiary or Quaternary. However, no

scarps have yet beenmapped in definite Quaternary deposits.
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DESCRIPTION OF TECTONIC PROVINCES

We have used all of the information available to us to make a newmap of

the Neogene deformation features ofthe Chortis block (Figure 3.3). This

approach differs significantly from Case and Holcombe (1980) who showed all

major faults known to them regardless ofthe age of faulting. In addition, much

newmapping has been done since the Case and Holcombe compilation. The data

which we used include the following: 1:50,000 scale geologic mapswhich cover

approximately 18,000 km2 mostly in southeastern Guatemala (Clemons et al.,

1969) and central Honduras (references in Emmet, 1983, and this paper); a

1:100,000 scale geologic map which covers all ofEl Salvador (Weber and

Wiesemann, 1978); 1:50,000 and 1:250,000 scale topographic maps which cover

the entire region; a limited number of LandSAT images; a limited number of

SeaSAT SAR images, and a few SIR images. The only data available to us which

give complete coverage of the Chortis block are the topographic maps. The lack

of LandSAT or other imagery is a serious limitation, but we feel that enough

geologic mapping has been done to constrain our interpretations. We also

consulted previous compilations (Case and Holcombe, 1980; Emmet, 1983), but

we used the original sources asmuch as possible. Description of distinct tectonic

provinces which we have delineated follows below.

Jalpatagua fault

Amajor topographic scarp cuts through the Quaternary volcanic chain of

southern Guatemala (Muehlberger and Ritchie, 1975). Carr (1976) mapped this as

a dextral fault and proposed that Neogene structures had been offset by up to 9 km

in a right-lateral sense. Approximately at the Guatemala-El Salvador border,

the Jalpatagua fault dies out and the volcanic line is split by a major intra-arc

rift, the Central America volcanic depression.
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Central America volcanic depression

The Central America volcanic depression is an intra-arc rift responding to

the subduction. The depressionwas firstmapped in Nicaragua (Figure 3. 1), where

it is known as the Nicaraguan Depression (McBirney andWilliams, 1965). A

major normal fault occurs on the southwestern side. Cretaceous to Neogene

sedimentary and volcanic rocks crop out in the footwall block whereas the

depression is a site of active deposition of sedimentary and volcanic rocks.

Active volcanoes occurwithin the depression. Mann et al. (in press) review the

geology of the depression in detail.

The depression continues to the northwest across the Gulf ofFonseca where

it changes to a more westerly strike in El Salvador (Wiesemann, 1975). The

topographic relief is more subdued in El Salvador than in Nicaragua. However,

geologic mapping shows that the geology is very similar to that of the Nicaraguan

Depression (Weber andWiesemann, 1978).

In this report we name this feature the Central American volcanic

depression and consider it a continuous feature that crosses at least three

countries (El Salvador, Honduras and Nicaragua). The geology ofthe depression

shows that extension perpendicular to the trench is the fundamental feature of

the overriding plate associated with subduction of the Cocos plate, not

shortening. The extension is not due to topographic collapse because the regional

elevations within the arc are low (0 to -500 m within the depression and -500 m

- -1500 m on the flanks). The extension contradicts the hypothesis that the

Chortis block is pinned between the subducting plate and the Maya block as has

been proposed by previous workers (Malfait and Dinkelman, 1972; Manton,

1987). Hinge rollback associated with subduction (Dewey, 1980) may be the

driving force forming the depression. Regardless ofthe cause, extension in and

near volcanic arcs is a common phenomenon (Hamilton, 1988).

Disrupted strike-slip faults

South of the Motagua fault and west of the Honduras depressionmany

inactive strike-slip faults have beenmapped (Figure 3.4). Many of these faults

have been offset by north-striking normal faults. Seismic data from
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earthquakes demonstrates that the normal faults are the active feature in this

region. We refer to this area as the region of disrupted strike-slip, because the

strike-slip faulting \7as the major tectonic event in the area even though the

faults are buried by younger units and displaced by younger structures. This

region partially overlaps with the region of north-striking normal faults and

basins.

The Jocotan-Chamelecon fault is the best mapped of the disrupted strike-

slip faults, and is likely the one with the largest slip. The Jocotan fault was

identified by geologic mapping of southeastern Guatemala (demons et al., 1969).

It has beenmapped as farwest as the vicinity ofGuatemala City (Ritchie, 1976),

but it is principally known from the region of Jalapa to the Honduran border.

Typically the fault juxtaposes metamorphic basement rocks on the north side

against Cretaceous sedimentary rocks on the south side. However, in some areas,

a thinner Cretaceous section is exposed on the north side of the fault. The style of

faulting was initially thought to be dominated by vertical movement because of

the stratigraphic juxtaposition across the fault, and the abundance of limestone

clast conglomerate south ofthe fault (Donnelly et al., 1968). Exposures ofthe

fault are commonly vertical (demons, 1966). demons (pers. comrnun., 1987)

now believes that the Jocotan fault was a strike-slip fault. Limestone clast

conglomerates are found throughout much ofthe Chortis block (Mills et al., 1967;

Finch, 1981) and are certainly not unique to the Jocotan fault region. The

Jocotan fault was definitely active in the Neogene inasmuch as it cuts the lower

Padre Miguel volcanic rocks, but was buried by the upper Padre Miguel volcanic

rocks (demons, 1966). Thus, the relative timing ofthe faulting is well bracketed.

Unfortunately, these volcanic rocks have not been isotopically dated in this

region. Comparison with very similar rocks which have been dated in Honduras

and elsewhere in Guatemala indicates that faulting occurred during the Miocene

(see below). The Cretaceous activity on the fault proposed by Donnelly et al.

(1968) may have occurred, but we do not believe that this is well-substantiated.

The geological features described above could have been created by large

magnitude (100 km+ ?) Miocene strike-slip faulting. The Jocotan fault has been

displaced by active north-striking normal faults.
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Having beenmapped to the Honduras-Guatemala border, the Jocotan fault

must continue into Honduras, but its continuation is less known due to a dearth

of geologic quadrangle mapping in th region. Many similar faults were mapped

in a reconnaissance study (Anonymous, 1972). The major fault which connects

with the Jocotan fault has been called the Chamelecon fault in Honduras, after

the name of amajor river. Unfortunately, Anonymous (1972) mapped an eastern

extension ofthe fault in a regionwhere there seems to be little topographic or

geologic evidence for faulting (Home et al., 1976). The correct location of a major

fault was shown byWarper (1970) and adopted by Home et al. (1976). Manton

(1987) suggested abandoning the name Chamelecon fault in favor ofthe name

used byAnonymous (1972). However, we accept the usage ofHome et al. (1976)

because the Chamelecon fault was originally defined as occupying the valley of

Rio Chamelecon. Walper (1970) demonstrated that the geology of Chamelecon

fault is very similar to the geology of the Jocotan fault in Guatemala supporting

the interpretation that it is a single fault from Guatemala to the Sula graben. I

have done reconnaissance work along the Chamelecon fault. Vertical fault

planes with horizontal slickenside lineations were found near Copan Ruinas on

strike with the last mapped section of the Jocotan fault ofGuatemala. As in

Guatemala, the fault cuts at least some of the Neogene volcanic rocks. Further

east, the previous mapping (Walper, 1970; Anonymous, 1972; Home et al., 1976)

was found to be essentially correct. Other faults in this region were presumably

active as strike-slip faults in the Miocene, but are now being cut by north-

striking normal faults.

The Jocotan-Chamelecon fault is certainly a major element of the plate

boundary puzzle. Its vertical attitude, parallelism to the Motagua fault, and

horizontal slickenside lineations indicate that it had a strike-slip history. It

does not contribute to the active strike-slip faulting as Schwartz et al. (1979)

proposed because it was buried by the upper volcanic unit and is displaced by

active normal faults (Clemons, 1966). We interpret the fault as a major strike-

slip fault in agreement with some previous workers (e.g., Walper, 1970). During

the Miocene or earlier it could have served as a major plate boundary fault and

may have accommodated much (20%?) ofthe opening ofthe Cayman Trough.
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Future work on the Jocotan-Chamelecon should concentrate on finding possible

strike-slip piercing points to evaluate its role as a possible earlier plate boundary

fault.

Honduras depression: Boundary between tectonic styles

North-trending basins bounded by north-striking normal faults define the

Honduras depression (Figures 3. 1 and 3.3), amajor zone of intraplate

deformation entirely within the Chortis block. It is seismically active as

demonstrated by instrumentally recorded earthquakes, historical earthquakes

(Osiecki, 1981), and Quaternary fault scarps (Everett, 1970b). In this paper, we use

the definition ofthe Honduras depression given byMuehlberger (1976). That is,

the depression is not a single continuous feature, but a zone of several fault-

bounded extensional basins. The depression starts at the Swan Islands fault and

continues to the Central America volcanic depression. The principal basins are

connected by a series of poorly defined, right-stepping strike-slip faults which

strike northwest (Figure 3.3). These faults may be a dextral strike-slip

reactivation of a Late Cretaceous structural trend (Emmet, 1983).

The Valle de Sula is the furthest north basin ofthe Honduras depression.

Normal faults bounding the valley continue to the Caribbean shore (Figure 3.5).

The presence ofbedrock in isolated exposures has been used by some workers as

evidence against a tectonic origin for at least part ofthe valley (Home et al., 1976;

Manton, 1987). However, we find significant evidence supporting an extensional

tectonic origin. Fault scarps shown on the SeaSAT SAR data, LandSAT images,

and topographic maps clearly show an abrupt slope break between the

mountains and the flat valley floor. These faults have also been found during

fieldwork in the region fiyburski, in prep.). A gravity study (Zuniga-Izaguirre,

1975) shows a sediment filled trough along the axis ofthe Valle de Sula. However,

Home's observation of basement rocks in the valley cannot be ignored. We

believe its presence does not invalidate the evidence for normal faulting.
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Figure 3.5. (a) SeaSAT SAR image ofValle de Sula. (b) Line drawing of

image. Normal fault boundaries of the Valle de Sula are well displayed. The
faults are generally curved. Faulting continues to the Caribbean coast. The

valley is very flat and the ranges rise abruptly from the valley floor.
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Instead, these outcrops demonstrate that the throws on the western set of normal

faults is not much greater than the modern topographic relief plus erosion in the

footwall block. The gravity data indicates greater throws on the eastern faults

(Zuniga-Izaguirre, 1975). The high angle faulting ofthe Sula graben indicates

that total extension across this zone is probably less than 1 km.

South ofthe Valle de Sula, the Honduras depression continues to the

southern end of Lake Yojoa. Alkaline volcanic cones dam the north end ofLake

Yojoa (Mertzman, 1976). The lake is in a tectonic depression; faults have been

mapped on the western shore (Finch, 1985). South ofthe lake, the depression

does not continue in a direct line. Instead, the next major basin is the Valle de

Comayagua (Figure 3.6). Geologic mapping (Everett, 1970b; Fakundiny, 1971) has

established that the valley is a fault-bounded tectonic basin. Neogene volcanic

rocks are faulted in the footwall block, and Quaternary deposits are offset by

faults. Thus, the valley is actively forming. Emmet (1983) suggested that the

valley is forming within a dextral shear system with N 60 W dextral strike-slip

faults at its northern and southern ends. The Honduras depression continues

south of the Comayagua graben as a single normal fault, the Goascoran fault.

The most prominent extensional corridor ofthe Valle de Sula, Lake Yojoa and

the Valle de Comayagua probably represents the most profound preexisting

weakness. Other basins occur off the principal axis ofthe Honduras depression

(e.g., the Otoro, Talanga, and Santa Barbara basins. Figure 3.3) indicating that

the region as a whole is experiencing N 60W dextral shearing which reactivates

old faults and forms extensional basins between principal fault segments.
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In general, only a small amount of extension is needed to form the basins of

the Honduras depression. They are narrow zones formed by high angle normal

faulting. Although throws on some of these faults are asmuch as 2000m

(Muehlberger, 1976), this amount of slip only accounts for extension on the order

of a few kilometers across the entire zone. The modest amount of extension

conflicts with models that propose that these grabens serve as fault termination

structures for the Motagua fault (Burkart, 1983). Yet, the faulting pattern

associated with the 1976 Guatemala earthquake clearly showed that grabens

south of the plate boundary do serve as fault termination structures (Plafker,

1976; Langer and Bollinger, 1979). Realizing that the simple extension across the

grabens is insufficient, we have looked for other types of faulting which may

account for a greater amount of extension within the Chortis block. In the Valle

de Otoro, a zone which exhibits a greater amount of extension than has

previously been documented crops out (Figure 3.7). Extension across this zone

(including areas not pictured) is approximately 50% either by measuring the

heaves on the faults, or by estimating the extension with the dips of the normal

faults and ofthe bedding (Wernicke and Burchflel, 1982). It is unknown how

broad a zone is affected by this style of faulting. Mapped regions and zones of

continuous exposures (e.g., along major roadcuts) are not faulted in this manner.

However, numerous unmapped regions may also have zones that are highly

extended. Thus, one need not assume that Neogene extension ofthe Chortis block

is minor.

North-striking extensional basins occur south of the North America-

Caribbean plate boundary in Guatemala (e.g., the Guatemala City and Ipala

grabens). These basins are actively forming as was shown by the aftershock

pattern ofthe 1976 Guatemalan earthquake and by the faulting ofNeogene

volcanic rocks on their margins. The aftershocks indicate that north-striking

normal faults form within the Chortis block as a result of strike-slip faulting on

the North America-Caribbean plate boundary. They demonstrate extension

along an east-west axis.

The tectonic styles on either side ofthe Honduras depression are distinctly

different. To the west, north-striking grabens are the dominant tectonic feature.
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Their north-striking normal faults displace older strike-slip faults. East of the

Honduras depression strike-slip faults occur subparallel to the Swan Islands

fault along the north coast of Honduras. These faults appear to be active (see

below). Further south, N 60W striking normal faults form the dominant

tectonic grain west of the depression. The dextral Guayape fault also occurs to the

east ofthe Honduras depression. We view the Honduras depression as the

tectonic boundary which divides the region rotating past Yucatan from a

complexly deforming zone to the east.

Figure 3.7. Normal faults in Valle de Otoro. The faults strike N 24W,

parallel to the northern portion of the basin forming fault on the east side of the

valley. The rocks exposed are Padre Miguel volcanic rocks. They have not been
dated at this locality, but similar rocks from the nearby Siguatepeque map sheet
have been dated as Miocene. The outcrop exposing this style of faulting is

approximately 40 m long. The view is to the north from the south side of the

road. This zone of faulting crops out in the center of the valley along the new
(1989) road between Jesus de Otoro and La Esperanza at 91.8/99.8, Azacualpa de

Yamaranguila map sheet.
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Active intraplate strike-slip faults

East ofthe Honduras depression, strike-slip faults occur subparallel to the

North America-Caribbean plate boundary. Two major faults are the La Ceiba

andAguan faults (Figure 3.8). No 1:50,000 geologic maps have been published

from this region, but these faults are prominent on the LandSAT, SeaSAT and

SIR images. They are very fresh; unbroken by either streams or other faults. In

this tropical environment, the sharpness of these scarps is rather remarkable.

These data alone suggest that these faults are active.

N 60 W normalfaults

Previous workers have noted the presence of faults with an orientation of

approximately N 60 W. Emmet (1983) proposed that these are dextral strike-slip

faults bounding the individual grabens of the Honduras depression. This idea

was further developed byManton (1987) who called the depressions pull-apart

basins. The strike-slip, pull-apart basin model is in good agreement with the

physiographic form of the basins on LandSAT images and topographic maps, but

no field or seismologic evidence has been found for Neogene dextral strike-slip

faulting along these lineaments.

Several N 60W faults have been mapped. Anderson (1987) mapped N 60W

faults which cut Neogene volcanic rocks across the entire Lepaterique map sheet

(southeast ofTegucigalpa plateau on Figure 3.6). He looked for, but did not find,

evidence for strike-slip faulting. The faults displace the Miocene ignimbrites,

but they are commonly covered by the Quaternary basalt flows (Anderson, 1985).

Thus, these faults are probably not active faults. Awell-exposed fault with this

orientation was found in the western footwall block of the Comayagua graben

(Figure 3.9). Slickenside lineations with a rake of 67E demonstrate that its

sense of slip is dominantly normal with a dextral component. The fault is

younger than the Neogene volcanic rocks that it cuts, but this faulting is not

readily apparent on the topography. The fault may be Miocene in age. Thus, the

direction and style of extension may have changed during the Neogene from

normal faults striking N 60 W in the Miocene to normal faults striking north in

the Quaternary.
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Between the Valle de Talanga and the Valle de Agalta, numerous N 60W

normal faults occur (see Figure 3.3). Several normal faults with this orientation

are well exposed along the Carretera de Olancho. Some faults along the road

offset Quaternary alluvium such as at 48. 1/09.9, Campamentomap sheet. The

drainage pattern in this region commonly has a N 60W alignment.

TIMING OF TECTONIC ACTTVITY

Timing ofmotion on faults is not well-known within the Chortis block.

Earthquakes occur on some faults demonstrating that they are active; some

faults also cut Quaternary age deposits proving that they, too, are active.

However, earthquakes have not been documented and offset Quaternary features

have not been observed on numerous faults including major faults such as the

Guayape fault. The freshness ofmany of these scarps suggests that they are active

features but does not prove it. Dating of late Tertiary volcanic rocks provides an

additional constraint on the timing of faulting. Although there are only a few

Quaternary volcanic centers away from the main volcanic chain, Tertiary

volcanic rocks are widespread on the Chortis block (Williams and McBirney,

1969). Several K-Ar ages have been published, but not enough dates have been

published to constrain the timing ofmany of the major features. However, F.W.

McDowell (pers. comrnun.; data listed in Emmet, 1983, Appendix IV) has dated

numerous volcanic rocks from Honduras and El Salvador. We will limit our

discussion to the samples from Honduras because that is where ourmapping is

based.
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distinctive bed

' road surface

Figure 3.9. Normal fault which cuts Neogene volcanic rocks. Distinctive

bright bed exposed on the left side ofthe photo is offset by the fault and reappears
near the middle of the photo. The orientation of this fault is N 65W 49N. The

fault is exposed along the new (1988) La Paz to Marcala road at 19.4/76.4, La Paz

map sheet, west ofthe Comayagua graben (Figure 3.6).
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Most ofthe samples from Honduras were collected in areas that are

geologicallywell-mapped, and the stratigraphy of these regions was

approximately documented prior to dating. The isotopic results show that

ignimbrite style volcanism began by 31 Ma. Most dated rocks are younger,

perhaps indicating that a greater volume of volcanism developed later. The

major phase of Tertiary volcanism occurred at 163 Ma. A regionally

widespread, final (?) pulse of volcanism occurred at approximately 10.5 Ma.

Williams and McBirney (1969) report 6 K-Ar ages from Honduras. They did not

find the older ignimbrites, nor did they report the 10.5 Ma ignimbrites. Five of

their dates ranged from 19. 1 to 15.0 Ma (not with standard IUGS constants), an

age range also found by McDowell. They also reported an age of 7. 1 Ma for a dike

from southern Honduras in the Quaternary volcanic chain. The data on a

volcanic rock from Guatemala has also been published (Ritchie and McDowell,

1979; correct age for constants given is 16.9 0.4 Ma). Close to the Quaternary

volcanic chain in El Salvador and Guatemala, younger Tertiary volcanic rocks

have also been dated (Reynolds, 1987; Newhall, 1987; McDowell, unpub.), but in

the interior portions ofthe Chortis block the 10.5 Ma age is the youngest, dated

Tertiary volcanic unit.

These dates provide important constraints on the age of faulting in

Honduras. Many faults displace volcanic rocks. Thus, the age of the volcanic

rocks gives an estimate for the age of faulting. Although a regional volcanic

stratigraphy is not well-established, we can confidently date the faulting as post

31 Ma and probably as post 10 Ma formuch ofHonduras. Reconnaissance

geologic work shows that the Guayape fault displaces the ignimbrites near El

Paraiso (Plate in). Thus, the most recent movement is probablyMiocene or

younger. Some N 60W striking normal faults west of the Honduras depression

displace the Tertiary volcanic rocks but are not part of actively forming grabens

as documented by earthquakes. Anderson (1985) believed that similar faults in

the Lepaterique area are relatively old faults, not active ones. These faults are

probably younger than 18 Ma, but are not necessarily younger than the 10.5 Ma

rocks. The domino-style normal faults exposed in the Valle de Otoro (Figure 3.7)

are probably younger than 18 Ma, and may be younger than the 10.7 Ma rocks
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dated in the nearby Siguatepeque map sheet. The normal faults forming the

individual basins of the Honduras depression clearly displace the Tertiary

volcanic rocks. The plateaux between the major basii-s are capped by the 10.5 Ma

volcanic rocks. Thus, the major basins are post 10.5 Ma in age.

SEISMICITY

The plate boundaries are seismically well-defined in the Central America

region (Molnar and Sykes, 1969). In addition, internal regions ofthe Chortis

block are seismically active. In order to identify the active features, we have

collected data on the seismicity of the Chortis block from the NEIC catalog and

from the Harvard Centroid Moment Tensor catalog (Dziewonski et al., 1981;

Giardini, 1984; see recent issues of Physics ofEkuih and Planetary Interiors), as

well as from recent literature. These data sets greatly extend the data base used

byMolnar and Sykes (1969). Recent papers on the seismicity ofthe region have

concentrated on the Middle America Trench (e.g., Burbach et al., 1984), and, thus,

do not discuss events associated with the North America-Caribbean plate

boundary or events in the interior of the block in any detail. We have also taken

into account a major study on the historical seismicity of the region (Sutch,

1978; Osiecki, 1981). This historical catalog probably underestimates the

number of earthquakes. Most earthquakes in the catalog are from the 19th and

20th centuries. More earthquakes probably occurred during the colonial period,

but a record of them has not been rediscovered. A rigorous analysis of historical

documents such as byWhite (1985) would reveal more earthquakes and allow

refinement of the tectonic model.

North America-Caribbean strike-slip events

The North America-Caribbean plate boundary is well-defined, but not as

seismically active as the Caribbean-Cocos plate boundary. Historical seismicity

has been documented along the strike-slip boundarywith major events occurring

in 1816 on the Polochic fault (White, 1985), in 1856 on the Swan Islands fault

(Osiecki, 1981), and possibly in 1773 on the Motagua fault (Plafker, 1976;

Espinosa, 1976). The 1816 earthquake affected a wide region ofwestern
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Guatemala and Chiapas, Mexico. Based on damage reports to the Spanish

viceroy,White estimated that the earthquake had a magnitude ofMw=7.5 to 7.75.

The 1856 earthquake caused damage in a broad zone of northern Honduras.

Osiecki (1981) estimated the Richtermagnitude ofthe 1856 event to be between 7

and 8. The distribution of destruction from the earthquake indicates that it

occurred on the Swan Island fault north ofOmoa, Honduras.

The 1976 Guatemala earthquake (Ms=7.5, Plafker, 1976) was amajor event

on the Motagua fault. An average of 1. 1 m of sinistral slip occurred at the surface

(Bucknam et al., 1978) while about 2 m of slip occurred at depth (Kanamori and

Stewart, 1978). The focalmechanism ofthe main shock is strike-slip along a

N 66 E striking plane. Aftershocks migrated from east to west along the

Motagua fault and then from north to south along north-striking grabens such as

the Guatemala City graben (Plafker, 1976; Langer and Bollinger, 1978). Focal

mechanisms of aftershocks included both left-lateral strike-slip events parallel

to the main shock and normal fault events with a north to northeast strike south

ofthe fault (Langer and Bollinger, 1979). This earthquake and its pattern of

aftershocks showed that the north striking normal faults are forming in

response to slip on the plate boundary (Plafker, 1976; Langer and Bollinger,

1978).

In addition to the previously published regional studies, we have found five

events relevant to this study in the Harvard Centroid Moment Tensor catalog

(Figures 3. 10, 3. 1 1 and 3. 12). OnAugust 9, 1980, a large earthquake occurred in

eastern Guatemala and was felt in northern Honduras. Although a conventional

double couple focal mechanism is available from the catalog (shown in Figures

3. 10 and 3. 1 1), the catalog also shows that this event has a significant non-

double couple component which is not explained by slip along a simple plane. Its

non-double couple component is shown in Figure 3.12. We interpret this non-

double couple solution as a mixed solution of left-lateral strike-slip faulting and

north-striking normal faulting. The relatively large magnitude of the event

suggests that the non-double couple result is not spurious (see Frohlich et al.,

1989). This event supports the interpretation that grabens between Guatemala

City and the Honduras depression are forming due to interaction with the slip on
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the transform fault. The largest aftershock for this event (#2, Figure 3. 1 1) was

dominantly strike-slip with a small non-double couple component.

Caribbean-Cocos plate boundary

The Caribbean-Cocos plate boundary is much more seismically active than

is the North America-Caribbean plate boundary. The rapid convergence causes

many more earthquakes than the North America-Caribbean plate boundary

faults (Figure 3.13). Recent (post 1963) earthquakes along the subduction zone

have not beenmajor events, nor have they done great damage. Several large

earthquakes have been reported in the early instrumental records (Sutch, 1978)

and the historical record (Osiecki, 1981). Two great earthquakes have occurred

off the Pacific coast of Guatemala near the triple junction of the Cocos,

Caribbean and North America plates. Great earthquakes occurred on theWadati-

Benioff zone in 1854 and 1859 and were felt in Honduras (Osiecki, 1981).

Although the subduction zone earthquakes are amajor seismic hazard, they

seem to have a limited effect on tectonic features of the Chortis block.

Guayapefault region

The Guayape fault has a sharp, well-defined topographic expression

indicating that it may be an active fault. Nonetheless, little seismic activity in

this regionwas found in the NEIC Catalog between 1963 and 1983, or from the

historical record. Four earthquakes from the instrumental record are aligned

along the Guayape fault (Sutch, 1978, p. 57), but only one with a relatively well-

constrained locationwas found in the NEIC catalog between 1963 and 1983

(Figure 3. 13). There are reports of historical seismicity in the region, but these

have not been substantiated with historical documents (Osiecki, 1981). The lack

of data may be due in part to the low population density and the absence ofmajor

cultural-political centers in the area. A more complete analysis of local records

has revealed evidence for several more earthquakes that were not included in the

Osiecki (1981) catalog (RA. White, pers. comrnun., 1990).
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Figure 3. 1 1. Detail of focal mechanisms. Single numbers are keyed to the

map (Figure 3. 10). Magnitude (Mw) and date are shown at top. Principal
moments of each event are shown: T axes, triangles; P axes, circles; B axes,

crosses.

8/9/80--^- .76% non-double

^^:::::w^ ^\ couple

\ WW
1 ^^ J^

Figure 3. 12. Non-double couple focal mechanism of 8/9/80 earthquake. All

focalmechanisms were evaluated for their non-double couple component. The

8/9/90 earthquake is the only one in this studywith a significant non-double

couple component of about 76% (see Frohlich et al., 1989). We interpret this event

as a composite event representing left-lateral strike-slip on the plate boundary
fault (eitherMotagua or Swan Islands fault) and normal faulting on a fault

parallel or coincident with Honduras depression fault.
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Active intraplate strike-slip faults

The Aguan and La Ceiba faults have sharp appearances on the SIR image

(Figure 3.8) and on LandSAT images suggesting that they are active faults. Little

geologic work has been done in this regionwith which to corroborate this

conclusion. However, this region has experienced some seismicity from which

we can derive some useful constraints. The offshore extension ofthe La Ceiba

fault has a distinct line of epicenters along it (Figure 3. 13). These may indicate

recent activity on this fault. We do not see such a pattern associated with the

Aguan fault. One focal mechanism solution from the literature may be located

on theAguan fault. Solution 51 (2/25/69) ofDean and Drake (1978) is located on

the western end of the fault. Slip on the focal plane parallel to theAguan Fault is

sinistral, but we do not know which focal plane is the fault plane.

Central America volcanic depression

The shallow seismicity of the Central America volcanic depression is very

complex. Although geologic evidence indicates that normal faulting probably

occurs on the margins, recent earthquakes within the depression have been

strike-slip. Published focal mechanisms of the Central America volcanic

depression region show that this region is experiencing both sinistral and

dextral shear (White et al., 1987; Brown et al., 1973). In El Salvador, the marginal

faults ofthe depression have a component of dextral shear suggested by the 1965

San Salvador earthquake with a dextral focal mechanism solution on a N 65W

plane (Molnar and Sykes, 1969; White et al., 1987). The interpretation of dextral

slip for the 1965 San Salvador earthquake (White et al., 1987) supports Carr's

(1976) data ofthe Jalpatagua fault being a continuation ofthe depression. The

1986 San Salvador earthquake occurred in the same region, but it was sinistral

on a plane striking N 30 E (White et al., 1987). The 1972 Managua earthquake

series was exceptionally complex. Both right-lateral and left-lateral offsets were

observed at the surface (Brown et al., 1973). Three sinistral solutions were

determined (focal planes: N 55 E, 80S; N 20 E 90; N 30 E, 80S), as well as a

dextral one (focal plane: N 10 E, 80W). Clearly, strike-slip faulting plays a

major role, but the relation of these earthquakes to the geologically mapped
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features is less clear. Large earthquakes have occurred within the arc or the

Central America volcanic depression in 1773 (Espinosa, 1976) and 1926 (M=6.9;

Sutch, 1978). The style and source of faulting is unknown for these events.

North-striking grabens

Manton (1987) states that the Honduras depression is not seismically

active. However, a well defined zone of seismicity coincides with the Honduras

depression (Figure 3. 10 and 3. 13). The earthquake of 14 November, 185 1

(magnitude estimated between 6 and 6.5) probably occurred on the Honduras

depression (Osiecki, 1981). Several smaller events in Osiecki's catalog could have

occurred along the Honduras depression, or other intraplate features. The

historical reports of seismicity are supported by recent seismic activity such as

the earthquake ofApril 27, 1982 (Figures 3. 10 and 3. 1 1). Although a careful

relocation of this event may show that it is not exactly centered on Comayagua as

we show (Figure 3. 10), damage reports (Bulletin ofthe International

Seismological Center, 1982a) indicate that the earthquake was very close to the

city.

Two other events, not related to a major earthquake like the 1976

Guatemala earthquake, occurred on approximately north-striking normal faults

(Figures 3. 10 and 3. 1 1). A 9 km long fault scarp with 10 cm of displacement

formed about 15 km east ofEsquipulas, Guatemala during the second earthquake

on September 29, 1982 (Bulletin ofthe International Seismological Center,

1982b). These events further corroborate that normal faulting is the dominant

tectonic style in this region.

MODEL OF NEOGENE DEFORMATION

The observations that we have noted add to the tectonic database on Central

America. However, our goal is to fit the diverse observations into a general

model for the deformation of a complex plate boundary zone between a strike-

slip plate boundary and a subduction zone. The model ofBurkart and Self (1985)

adequately describes most of the observations. Our interpretation of the Guayape

fault as a dextral fault requires a modification of their model.
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The plate boundary strike-slip faults, especially the Motagua fault, are very

curvilinear in Central America. Their shapes require rotation about a relatively

close pole of rotation. Computermodeling by C. Heubeck and Gordon shows that

the pole of rotation for the Motagua fault is on the northern coast of the Yucatan

Peninsula. Mann and Burke (1984a) propose that small rifts have opened south

of the plate boundary during the Paleogene and now because ofthe rotation ofthe

Caribbean plate around theYucatan Peninsula. Burkart and Self (1985) show the

Chortis block broken into several sub-blocks, and propose that the blocks are

independently rotating. In western Guatemala, the blocks south ofthe plate

boundary are moving east relative to the North American plate and are extending

in awest-east direction. The blocks are bounded to the south by the dextral

Jalpatagua fault (Figure 3.14). The slip rate on the Jalpatagua fault is probably

much less than the slip rate on the plate boundary as demonstrated by the

pattern of seismicity and by the offset proposed by Carr (1976). Thus, the

"watermelon seed" tectonic escape model (e.g., Malfait and Dinkelman, 1972) is

not directly applicable. In general, these blocks are rotating relatively rapidly

pastYucatan along the curvilinear plate boundary faults (Figure 3.14). The

Chortis block has experienced 32 of counterclockwise rotation during the

Cenozoic (Gose, 1985a). The published paleomagnetic data cannot be used to

distinguish differences in rotations between the blocks proposed in this study or

those ofBurkart and Self (1985) because the Cenozoic rotation is based on one

data point at about 60 Ma (Gose, 1985a). East ofthe Honduras depression, a

different tectonic style seems to be prevailing. Opening on the Honduras

depression and the generally divergent motion on the dextral Guayape fault

suggest rotation of this block about an even closer pole than that ofwestern

Guatemala. The lack of seismicity on the Guayape fault suggests that the slip

rates decrease to the east. Thus, this block is rotating slower, but around a closer

pole of rotation. Based on our interpretation of the Guayape fault, we propose

that the block east ofthe fault is moving with the Caribbean plate (e.g. Heubeck

and Mann, in press).



Figure 3. 14. Schematic view of evolving plate boundary zone. The Chortis
block is deforming and is broken into smaller blocks which are rotating
(Burkart and Self, 1985). We have modified theirmodel by showing the Guayape
fault is dextral. It serves as the boundary between the rotating region and the
main portion of the Caribbean plate.

DISCUSSION

Several previous models have been proposed for the deformation of the

Chortis block. These models fit into two categories: 1) Models which consider

the interaction between Caribbean and Cocos plates to be the dominant driving

force, and 2) models which consider North America-Caribbean interaction to be

dominant. We find a causal relationship between motion on the North America-

Caribbean plate boundary and formation ofmost structures on the Chortis

block.

Malfait and Dinkelman (1972) suggested that the Chortis block is "pinned"

between the subducting Cocos plate and the NorthAmerican plate and that it is

escaping to the east. In this model the Chortis block is experiencing north-south

compression and east-west tension. This model was certainly a novel idea at the
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time, and it has been a popularmodel since its proposal (e.g., Plafker, 1976).

Manton (1987) extended this idea by comparing the Chortis block with

continental collision zones. We do not accept the proposal that the Chortis block

is experiencing north-south compression, nor do we believe that the idea is in

accord with current concepts of arc-trench systems. The assumption that the

overriding plate is subjected to compression across arcs is false according to

Hamilton (1988). Thus, arc-trench systems are fundamentally different from

zones of continental collision. The Central America volcanic depression which

is arc parallel provides sufficient evidence that north-south compression is not

present. Ross and Scotese (1988) show that the Caribbean plate has no driving

forces associated with it implying that it probably has very little absolute

motion. Thus, the Chortis block is not an escapingwedge in the sense that

Anatolia is (McKenzie et al., 1970). In fact, Mann and Burke (1984b) discussed the

dissimilarities between Anatolia and the Chortis block. Likewise, we do not find

a direct comparison to other collisional regions except in the broadest, most

general terms. For example, models for the deformation ofAsia (i.e., England

and Molnar, 1990) may have similarities with Central America because both

involve rotation of crustal blocks. However, this may be true for regions of

continental crust in general (e.g., McKenzie and Jackson, 1983) and need not

imply a similar driving mechanism.

Models which attribute deformation of the Chortis block to interaction

between the North America and Caribbean plates have been incorporated here.

The 1976 Guatemala earthquake provided a unique experiment to study the

interaction of slip on the plate boundary with deformation in the plate boundary

zone. The Motagua fault has not been found west ofChichicastenango where only

Cenozoic volcanic rocks are exposed. South of the fault, actively forming

grabens cut Tertiary and Quaternary volcanic rocks. Langer and Bollinger (1979)

proposed that the opening of the grabens south ofthe fault accommodated the

strike-slip associated with the 1976 earthquake, and account for the western

terminus of the seismogenic zone. This model explains the distribution of the

main shock and the aftershocks in the vicinity of the Motagua fault very well,

thus it needs to be part of any model attempting to explain the deformation ofthe
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entire Chortis block. Burkart (1983) suggested that all ofthe difference between

the observed slip on the Polochic fault and the opening ofthe CaymanTrough

during the past 10 m.y. could be accommodated by the opening of tlrese grabens.

The new interpretation of the opening history of the Cayman Trough

(Rosencrantz et al., 1988) considerably reduces the discrepancy between the

observed strike-slip in Central America and the opening of the Cayman Trough

for the past 10 m.y. From the published results available in 1983, Burkart (1983)

estimated that 300 km of opening occurred on the Cayman Trough during this

interval. Based on his proposed 130 km offset on the Polochic fault (Burkart,

1978), he estimated 170 km of opening on the grabens south ofthe Motagua fault

to account for the discrepancy between the opening of the Cayman Trough and

the observed strike-slip. In fact, these grabens do not show any evidence formore

than a few kilometers of opening. Other normal faults occur, as evidenced by the

seismic data, yet active features probably only account for 10 or 20 km of

opening between western Guatemala and central Honduras. The Rosencrantz et

al. (1988) model does not require more than a few kilometers of opening in the

grabens south ofthe plate boundary during the past 10 m.y. There is still a major

discrepancy on the opening of the Cayman Trough since 50 Ma and the observed

strike-slip offsets in Central America.

Although the actively forming grabens do not serve as major fault

termination structures, they do play an important role in the overall

deformation of the Chortis block. The modern grabens define boundaries

between blocks that are differentially rotating along the Motagua fault (Burkart

and Self, 1985). We accept this basic model, though we have revised it in light of

the new data from the Guayape fault.

CONCLUSIONS

The new evidence of dextral strike-slip on the Guayape fault forces a

reinterpretation of the Neogene tectonic model for the Chortis block. We find

that a modification ofthe block rotation model (Burkart and Self, 1985) accounts

best for the observed features. In this model the Chortis block is a 200 km wide

plate boundary zone accommodating some of the strike-slip deformation on the
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plate boundary. Internal deformation of the Chortis block includes several

zones of strike-slip faulting and normal faulting. The Neogene deformation of

the Chortis block is largely controlled by deformation at the North America-

Caribbean plate boundary zone. North-striking grabens are forming directly in

response to the slip at the plate boundary. This relationship has been

demonstrated by the aftershocks due to the 1976 Guatemala earthquake and by

the general pattern of seismicity. Strike-slip faults subparallel to the plate

boundary also appear to be active.

The large slip observed on the Swan Islands-Oriente transform fault needs

to be accounted for in Central America. Several processes may account for the

large slip. 1) The plate boundary has probably changed over time. The Jocotan-

Chamelecon fault almost certainly served as the plate boundary at one time. The

Guayape fault may have acted as the plate boundary during the earliest phase of

movement on the Swan Islands-Oriente transform fault. 2) More than one major

fault is active at any particular time on land. Currently, the Polochic and

Motagua faults are both active and togethermay account for the opening in the

Cayman Trough for the last 10 Ma. Some faults in northern Honduras also

appear to be active. 3) Some displacement is transferred to extensional features

such as the Guatemala City graben. 4) Other intraplate features may be

accommodating plate motion through complex, non-rigid deformation. We

include the N 60W normal faults and possibly the Guayape fault in this

category. We do not feel that we can quantify the amount of plate motion as

Burkart (1983) orManton (1987) attempted to do, but we are confident that

internal deformation of the Chortis block accounts for some (10% ?) ofthe plate

motion.



CHAPTER 4

STRATIGRAPHYAND STRUCTURAL GEOLOGY OF THE

VALLE DE CATACAMAS REGION

Imapped a part of the Valle de Catacamas in order to study the tectonic

history ofthe Guayape fault. The valley is an ideal place to study the fault

because it is forming as a result of splay faulting along the Guayape fault. In this

instance, it is actually easier to elucidate the behavior of the main fault by

studying the subsidiary faulting. Geologic mapping is the basic tool to

understand the geologic history of a region, especially a region such as the Valle

de Catacamas that has not been studied before.

Most of this discussion is based on the geologic map ofthe Santa Maria del

Real 1:50,000 scale map sheet (Plate I) which will be published by Instituto

Geografico Nacional. No geologic map of this area or the Valle de Catacamas was

available prior to mymapping. The Guaimacamap sheet (Rodbell, 1987) was the

closest published geologicmap at the outset ofthe study, and it is more than

100 km west ofthe map area. Mullerried (1942) reported some paleontological

data from the vicinity ofCatacamas. He did not describe the geology in any

detail, nor did he describe his sample localities. The geology of the Valle de

Catacamaswas discussed briefly by Mills et al. (1967), but they did not publish a

geologic map ofthe region. To study the evolution ofthe valley, a larger region

than the area of Plate I needed to be mapped, at least at a reconnaissance scale.

Regional reconnaissance showed that the contact between the Cacaguapa schist

and Agua Fria Formation occurred within the San Francisco de Becerra map

sheet. I encouraged Michael Kozuch (Peace Corps) to map this region in order to

better understand the contact. Hismap (Kozuch, 1989b), Plate I, and my

reconnaissance workwere used to make a small scale map ofthe valley (Plate II).

From this mapping, a geologic history for the region is proposed. This geologic

history is interrelated with the tectonic history of the Guayape fault.

76
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STRATIGRAPHY

The stratigraphy of the region evolved from the geologic mapping and

comparison to the established stratigraphy of Honduras (Mills et al., 1967;

Finch, 1981; Finch, 1985; Ritchie and Finch, 1985). In general this region has

similar stratigraphy to central Honduras. However there are some significant

differences. Namely, volcanic rocks which occur within the Mesozoic

stratigraphy and the limestone within the Valle de Angeles Group are not

continuous stratigraphic entitles from central Honduras to Olancho.

Cacaauapa Schist

Low grade metamorphic rocks are exposed on both the north and south

sides ofthe valley (Plates I and n). The metamorphic rocks have not been found

on the east side of the Guayape fault in this region. I have not done a detailed

study ofthe metamorphic rocks in the Sierra de Agalta because they occur

outside ofthe principal map area (Plate I). Furthermore, they do not crop out

extensively in the Sierra de Agalta which is dominantly Mesozoic sedimentary

rocks. The metamorphic rocks crop out much more extensively on the south side

of the valley (Plate n). The metamorphic rocks occur on the concave, south side

of Rio Guayape (i.e., south ofthe river as it flows through the valley andwest of

the river after it turns southwards). Due to intense tropicalweathering, most of

the exposed rock is saprolitic; the metamorphic micas are weathered to clay.

Typically, one can take structural measurements, but solid rockwas only

encountered in a few places such as in streams with high discharge and in steep

gullies. Mapping during the dry seasonmakes a tremendous difference for the

basement terrain because the best outcrop is in streams that are full duringmuch

of the rainy season. This region consists of low hills and streams with small

drainage areas which considerably reduces the chances of finding good outcrop.

As a result, my database consists of numerous structuralmeasurements from

saprolitic outcrops as well as from the limited number of good rock outcrops.

Thin section work is based on just a fewwidely separated outcrops, because only

a few samples from streams or steep gullies were in good enough condition to

make thin sections.
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Despite the poor state of the outcrops, the geologic history preserved in this

region is quite interesting. Unfortunately, I was unable to develop a regional

stratigraphy for the basement rocks, both oue to a lack of paleontological data

and to the lack of distinctive lithologies. The rocks generally consist of fine

grained phyllitic schist or graphitic schist. Three regions which are dominantly

quartzite were mapped, but do not help define a stratigraphy. In light of these

difficulties, I used the nomenclature of Fakundiny (1970) and Simonson (1977).

These reports are discussed in more detail in Chapter 1. Fakundiny (1970) named

the Cacaguapa Schist which has now been found throughout much of the Chortis

block. Simonson (1977) separated the unit into several members, one ofwhich I

discuss below.

Augen Schist Member

Simonson (1977) reported augen schist from the El Porvenir region (see

Chapter 1 for full discussion). I did not encounter this unit in mapping the Valle

de Catacamas region, but it is relevant to the region, nonetheless. The unit forms

the basement for the Las Marias Member, thus it needs to be understood in order

to elucidate the geologic history of the basement. It contains higher grade

minerals and a greater variety ofminerals than the low grade Las Marias

Member (see Figure 1.2). The white mica in the augen schist is much coarser than

the white mica in the LasMarias Member. Minerals that I have seen in the Augen

Schist Member that I have not seen as metamorphic phases in the the LasMarias

Member include sphene, biotite, garnet, microcline and plagioclase. In the Valle

de Catacamas region, detritus from this unit was deposited within the phyllites

ofthe Las Marias Member. All ofthe samples from the Santa Maria del Real map

sheet are clearly low grade rocks. Sample 88MBG164 contains at least one garnet

which shows no metamorphic reaction with the micas. Instead, its appearance

indicates that it is detrital. Sample 88MBG175 contains abundant detrital

biotite, sphene and garnet which do not show any any textural relationship to

the cleavage. Sample 88MBG166 has clasts that are compositionally distinct

from the groundmass. The clasts contain coarse-grained biotites and quartz.

The detrital grains indicate that the basement rocks are derived from a source
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terrain which is similar to the Augen Schist Member described by Simonson

(1977). A possible source terrain has not been identified in the Valle de

Catacamas region. Yet, the metamorphic detritus implies that the augen schist of

Simonson (1977, 1981) is regionally widespread. It would certainly be

worthwhile to look for this detritus in other regions.

Las Marias Member

Fakundiny (1970) mapped two members ofthe Cacaguapa Schist. The

Humuya Member is limited to one small outcrop area (-100 m along Rio Humuya,

exposed only during the dry season) on the El Rosario map sheet, whereas the Las

Marias Member is much more common in that region and elsewhere in

Honduras. The Las Marias member is a sequence of dominantly

metasedimentary rocks. The greatest volume of rocks is low grade phyllite, but

quartzite and marble have been found in various localities. The metamorphic

rocks in the Valle de Catacamas region are very similar to the Las Marias

Member so that name is adopted here. The dominant minerals are quartz,

chlorite and white mica (Figure 4.1).The thin section work (Appendix 1) shows

that quartz is the most abundant phase even in the phyllitic rock. I believe that

this is due to sample bias; the rocks with quartz form the resistant outcrops from

which I sampled for petrography. The outcrops of saprolitic schist have very

little quartz in hand sample. Within the saprolitic schist, beds of quartzite,

approximately 1 m thick, stand out in relief and are hard rock despite the

weathering. The quartzite attests to the metasedimentary origin of the schist.

An unweathered quartzite which occurs within phyllite was studied

petrographically (88MBG175). It is nearly all quartz, but has a cleavage defined

by alignment ofwhite mica. All thin sections of phyllite or schist contains

evidence for a metasedimentary origin. Besides the fact that their mineralogy is

dominated by pelitic minerals, the thin sections also commonly contain

sedimentary clasts, either large quartz grains or the detrital higher grade clasts

discussed above.

Three regions of quartzite were mapped. These must be thick sequences

because the mapped regions are mostly quartzite despite significant bedding dips.
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They do not correlate with each other because their field characteristics are

different. The quartzite mapped approximately at 20.0/24.6 is a very clean

quartzite, and very well indurated even on hillside outcrops. Bedding and

cleavage are both developed here. The largest region ofmapped quartzite is the

region ofhill 510 m at 19.7/23.0. These hills are covered with quartzite rubble.

Neither bedding nor cleavage is well displayed in this region, and the rock is not

as well indurated as the rock at 20.0/24.6. Sample 87MBG016 is a quartz arenite

and is not penetratively deformed. The quartzite in the southwestern corner of

the map sheet is interlayered with schist. However, enough quartzite is exposed

to justify mapping it separately. This quartzite is also more mica rich than the

other localities.

Figure 4.1. Photomicrograph, crossed polars, ofthe Las Marias Member

(sample 86MBG101). Sample is from 92.75/29. 1, Juticalpamap sheet. This is an
isolated exposure on the north side ofthe Valle de Catacamas. The rock is

chlorite, quartz, white mica phyllite. Crenulation cleavage (S2) is well displayed
in this photomicrograph. Field of view is approximately 1.2 mm (lengthwise).
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Few constraints on the environment of deposition are available from these

rocks. The dominance of argillaceous deposits suggests a marine environment,

perhaps on a continentalmargin. Beds ofmature sandstone were also deposited.

Both the shales and sandstones had ametamorphic source terrain. Interbedded

marbles elsewhere in Honduras (Fakundiny, 1970, Rodbell, 1987) suggest that at

least part ofthe section is marine.

The grade ofmetamorphism is also poorly constrained for the basement

rocks. The rocks do not contain high grade minerals that formed at the same

time as the white mica and chlorite. Yet formation ofwhite mica and the

deformation of the quartz suggest that significant metamorphism did occur.

Lacking other constraints, I suggest that it was lower greenschist fades.

Intrusion into basement

One intrusive was mapped in this region (sli, southwestern corner ofmap

sheet). Its mapped extent is very small (<0. 1 km^). in thin section, it is

unmetamorphosed; the quartz has not experienced significant strain. Its

mineralogy (sample 88MBG165) gives it a granitic composition. Granophyric

texture in this sample indicates that it is a high level intrusive. The age ofthe

intrusive is only constrained as post-metamorphism. It could have any age in

the Mesozoic and Cenozoic. Kozuch (1989b) mapped two intrusions nearbywhich

intrude the Agua Fria Formation. However, all three intrusions are

compositlonally distinct, thus they need not be from the same pulse of

magmatism.

Honduras Qroup

Finch (1985) and Ritchie and Finch (1985) proposed that the name

Honduras Group be applied to the Mesozoic clastic sedimentary rocks found

below the regionally diagnostic Atima Limestone. In many cases, this is an

appropriate name to use. It is a name intrinsic to the Chortis block. An earlier

name used for some of these rocks, the Todos Santos Formation, was defined for

the region north ofthe Motagua fault. This name should not be used on the

Chortis block because it refers to rocks deposited on another plate (Gose et al..
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1978; Gose and Finch, 1987). In Valle de Catacamas region, two very distinct

units ofthe Honduras Group have beenmapped. These units need to be divided

because they are very different with respect to Distribution, lithology, age and

environment of deposition. Contacts between the twomajor units are obscured

by the alluvial valleys which contain major faults. The first unit is the Middle

Jurassic Agua Fria Formation formerly known as the El Plan Formation. A

more complete discussion of its regional distribution is in Chapter 2. The second

majormap unit is the unnamed siliciclastic member of the Honduras Group,

which is the unit mapped below the Atima Limestone in central Honduras (e.g.,

Finch, 1985).

Agua Fria Formation

In the Valle de Catacamas region, the Agua Fria Formation has been

mapped south and east ofthe valley. Its outcrop distribution is terminated south

of the valley by a major thrust fault that places Cacaguapa Schist onAgua Fria

Formation (Kozuch, 1989a,b). One anomalous outcrop ofAgua Fria Formation

was mapped north of this fault at 1 1.2/25. 1 (Plate I). It is in normal fault contact

with the schist. The Agua Fria Formation is also found in the area directly east

of the Guayape fault. Based on reconnaissance work, its distribution continues

north and south for at least tens of kilometers. In the immediate vicinity of the

Valle de Catacamas, the Agua Fria Formation is very poorly exposed. The clastic

rocks are exposed almost exclusively in stream channels. The volcanic rocks are

exposed on the ridges as well as the streams. Only a few primitive roads cross

this region on the Santa Maria del Real map sheet; the roadside outcrops do not

provide decent exposure. The best outcrop and the best rock are found in the

stream channels. Many streams in this region have a discharge that is too low

and a gradient that is too small to form continuous exposure. Poor outcrops

impede the understanding of this complex region.

Because of these difficulties, it is useful to compare this region to areas

south and north where the exposure is better. Recently, an all season road was

built across Rio Patuca to the east ofthe Guayape fault. This area is about 30 km

south of Plate I. Rio Patuca is a major river that drains much of eastern
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Honduras. It has formed a deep gorge where the geology is well exposed. The new

road provides excellent access and fresh outcrop. Mymapping along this road

shows that the clastic rocks are very similar to the Agua Fria Formation exposed

elsewhere. In hand sample, the volcanic rocks are similar to the volcanic rocks

that I had seen within the Agua Fria Formation in the Valle de Catacamas region.

Its appearance caused me to systematically search for a contact. The volcanic

rocks are in stratigraphic successionwith the sedimentary rocks at 10.45/96.45

El Portal del Infiemo map sheet. The contact is well-exposed and is

conformable. A schematic cross section (Figure 4.2) was constructed based on the

mapping along the road. The only exposed contact is the easternAgua Fria

Formation-volcanic contact. The location of the other contact is known to

within 50 m. As inferred from the structural position, limestone is exposed

below the Agua Fria Formation in this cross section. The contact is not exposed.

The age of the limestone is unknown. It could be faulted in, but the simplest

interpretation ofthe strike and dip data is a syncline. The limestone should be a

focus of future study. More folds are exposed to the east. The interpretation of the

Rio Patuca gorge with itsmuch better exposure is used as an analogy for the Valle

de Catacamas region. First, these exposures demonstrate that the volcanic rocks

andAgua Fria Formation are in stratigraphic succession which I had suspected,

but not proved for the Valle de Catacamas region. Second, the volcanic rocks are

generally higher in the stratigraphy, though theymay be interbedded with the

sedimentary rocks, too. Mills et al. (1967) found a similar relationship along the

course ofRioWampu about 40 km north ofthe map area (Plate I). Theymapped

"El Plan Formation" which I call Agua Fria Formation. Above the clastic rocks

they report approximately 500 m of "andesitic flows". This stratigraphic

sequence seems typical for the region east of the Guayape fault.

The southeast section ofPlate I is where most ofthe Agua Fria is exposed.

This region is east ofthe Guayape fault which is defined by the courses ofRio

Guayape and Rio Tinto. High terraces which probably cover more Agua Fria

Formation lie between the outcrop and the fault. One small outcrop ofmetashale

occurs in the far northeast part of Plate I at 34.3/39.95. A conglomerate ofthe

Agua Fria Formation crops out nearby at 36. 1/39. 15, La Bacadia map sheet in Rio
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Tinto, and is overlain by the high terraces. The surface of the unconformity is

only slightly higher than the level of the river at 36. 1/39. 15. This same region

also contains some anomalous outcrops of limestone such as at 34.8/43.2 and

35.75/41.8, San Jose de Rio Tinto map sheet. This limestone may correlate with

the Rio Patuca limestone; definite Atima Limestone does not crop out south ofthe

Sierra de Agalta.

Upper Rio Patuca region

W E

no vertical exaggeration

Figure 4.2. Schematic cross section ofthe upper Rio Patuca region,

principally to show stratigraphy. This region has much better exposure than the

Valle de Catacamas region. The contact betweenAgua Fria Formation and the

volcanic unit is exposed in conformable contact on the west side of the section.

Although many small faults cut these rocks, the structure can be described as the

simple syncline shown here. The age of the apparently underlying limestone is

unknown, which makes the sequence enigmatic. Nonetheless, the Agua
Fria/volcanic stratigraphy can be applied to the Valle de Catacamas region. The

cross section is from 08.65/96.85 to 1 1.2/96.3, El Portal del Infierno map sheet.

Clastic rocks ofthe Agua Fria Formation that crop out east ofthe fault are

usually brown or gray. Shale is more common than sandstone. Most sandstone

beds are thin, usually less than 5 cm nearly always less than 10 cm. I did not

find thick-bedded sandstones east ofthe Guayape fault. Some gray
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conglomerates consisting ofwhite quartz pebbles and granule-size grains occur

within the sequence. Typical outcrops consist of interbedded shale and siltstone

or sandstone. The sandstones are commonly finc:-grained. The sandstones

studied petrographically contain abundant metamorphic quartz and

metamorphic rock fragments (Appendix A). As a result, they are all classified as

lithic recycled orogenic rocks by the system ofDickinson et al. (1983). The rocks

contain less than 10% feldspar or volcanic rock fragments (Appendix A). This

observation may serve as independent evidence that the volcanic rocks overlie

the sedimentary rocks. The detritus demonstrates that basement rocks were

emergent at this time, yet I have not found the basement east of the fault. I

presume that it is present at depth. All ofthe Agua Fria Formation is deformed

in this region. The relatively unmetamorphosed rocks near El Suyatal (Plate I)

are commonly tightly folded and faulted. Elsewhere the formation east of the

fault has undergone very low grade metamorphism.

Many contacts between sedimentary and igneous rocks are exposed in the

region (e.g.. Figure 4.3). These tend to be small outcrops in streams. The outcrops

are 2-5 m high and may be tens ofmeters in length, but without outcrop between

streams it is difficult to see the overall relationships. The contacts generally

show a single dike one meter to several meters wide cutting sedimentary rocks.

The overall change from a dominantly sedimentary stratigraphy to a

dominantly volcanic stratigraphy is difficult to analyze. For this reason, I have

applied the stratigraphy that I found along Rio Patuca and that Mills et al. (1967)

found along Rio Patuca. In otherwords, the volcanic rocks are shown above the

sedimentary rocks in the stratigraphic column and the cross sections even

though I have not proved this relationship on Plate I.

Awidespread igneous unit was identified east ofthe Guayape fault early in

the mapping of the region. Although it was fine-grained, I did not consider it to

be volcanic because clear intrusive field relations are common. Petrographic

study shows that rocks known to be dikes from field relations are very fine

grained and difficult to distinguish from lava flows (D.S. Barker, pers. comrnun.).

Rocks that do not show definite field relations commonly look like volcanic

rocks in thin section. All but one of the thin sections from rocks where intrusive
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relations are not evident is likely volcanic rock. Volumetrically, the volcanic

rocks are dominant. Rocks bodies with distinct intrusive relations tend to be

small bodies exposed in the streams and in roadside outcrops. Most ofmap unit

Jafi, Agua Fria Formation igneous rocks, is probably volcanic rocks (Plate I).

Figure 4.3. Contact betweenmetashale of the Agua Fria Formation and

intrusive rock at 34. 1/28.7 (Plate I). Outcrops such as this one tend to be very
small because the streams are small. Thus, it is difficult to work out the overall

structural and stratigraphic pattern. Many igneous rocks similar to this one

crop out, but their contacts are not commonly observed. The metamorphic
nature of the shale is apparent in the field and confirmed with petrographic

study.

During the 1988 field season, although aware of these difficulties, good

evidence for volcanic originwas still only found at a few outcrops. Later thin

section analysis showed that many of these rocks are volcanic. To illustrate the

mapping problem, I cite the following example, from Quebrada San Jose. As a

result of its high discharge, this stream has nearly continuous exposure along

much of its length. The presence of intrusive rocks at 34. 1/28.7 (Figure 4.3) led
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me to believe that most ofthe rocks were intrusive. Sample 88MBG147 was

collected downstream at a similar outcrop. Further upstream, nearly continuous

outcrop of igneous rock is exposed (Figure 4.4) which I initiallymapped as an

intrusion. However, a thin section (sample 88MBG149) shows clear evidence for

a pyroclastic origin. Thus, most ofthe exposure past the exposures ofthe

sedimentary rocks intruded by dikes (map unit Jafm) is probably volcanic (map

unit Jafi). The bedding orientations in the sedimentary rocks support the

interpretation that the volcanic rocks overlie the sedimentary rocks.

Figure 4.4. Volcanic rocks exposed in Quebrada San Jose at 34.65/28.35 La

Bacadia map sheet. Although these rocks are exposed for at least 200 m along the
stream channel, no structure or lithologic breaks were recognized in the field.
The volcanic nature is exhibited in thin section (e.g. 88MBG149). This exposure
exhibits the difficulty with mapping the volcanic rocks and intrusive rocks

separately. Thus, when no sedimentary rocks are present, the areawasmapped
as Jafi, Agua Fria igneous rocks. This unit is dominantly volcanic rocks. The

dip of sedimentary rocks downstream varies from 30 to 60 which suggests that
the 200m of exposure represent a 100 to 170 m thickness for the volcanic rocks.

The Rio Patuca section (Figure 4. 2) suggests that the volcanic rocks are at least
500 m thick.
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Several types ofvolcanic rocks are present. These rocks are not suited for

major element chemistry analysis because of post-magmatic alteration. For the

purpose of this study, a simple classification scheme was used that is based on

the mineralogy ofthe phenocrysts. The rocks which have abundant plagioclase

and mafic minerals as phenocrysts are considered andesites. Those with

plagioclase and volcanic quartz are called dacites. Other magmatic mineral

phases are not abundant. Based on thin section study some rocks are lava flows.

The dike rocks are very similar to the lavas; it is difficult to distinguish the two

based on thin sections alone. Most of the volcanic rocks are pyroclastic.

Metamorphic quartz is a common lithic fragment in these rocks demonstrating

that the magma passed through the metamorphic basement. Sedimentary and

intrusive rocks are also common lithic fragments. Most of these rocks contain

quartz, but most ofthe quartz can be classified as lithic fragments or as post-

magmatic silicification. Based on its petrography, one sample (88MBG169) is a

gabbro or diorite intrusion, as was suspected in the field. The field relationships

do not indicate clearly that the unit has an intrusive origin because its contacts

are not exposed.

Most ofthe Agua Fria Formation east ofthe Guayape fault has undergone

very low grade metamorphism which was first recognized during mapping. The

sedimentary rocks display a distinct sheen in hand sample indicative ofmica

recrystallization. In fact, thin section observations indicate that many features

observed in well documented very low temperature belts in the Soviet Union

(Kossovskaia and Shutov, 1959) and in the Alps (Frey, 1970) are present in these

rocks. Samples that appearmetamorphosed in hand sample and samples that do

not appearmetamorphosed in hand sample were studied petrographicalTy. From

the petrographic study, the degree ofmetamorphism in the sedimentary rocks

increases in the following order 86MBG055 (nearly unmetamorphosed),

88MBG159, 88MBG154, 86MBG091, 88MBG146 (cleavage defined bywhite mica).

Significant characteristics of metamorphism that are alteration beyond normal

diagenesis include disintegration of detrital grains by matrix, abundant chlorite

matrix, and the presence of cleavage (Figure 4.5).
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Figure 4.5. Photomicrograph ofmetasiltstone from Agua Fria Formation.

Sample 86MBG091, located at 33.3/25.2. White mica defines a cleavage in

discrete zones in this rock. Rock is similar to the "zone of altered argillaceous
and authigenic quartz cement" of Frey (1970). Field of view is approximately
1.2 mm (lengthwise).
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The degree ofmetamorphism does not show a systematic progression

stratigraphically, or with respect to proximity to the igneous rocks, or towards

anymapped fault. In general, the metamorphic sedimentary rocks occurwhere

there are intrusions and volcanic rocks, which are nearly ubiquitous in the

region east of the fault. Sedimentary rocks in contact with intrusive rocks do not

have a baked zone near the intrusion, and the samples that displaymetamorphic

textures are not immediately adjacent to the intrusions. The igneous rocks

underwent the same metamorphism. They have not developed a visible cleavage.

The lack of cleavage in these rocks may be due to a chemical difference between

the igneous and sedimentary rocks, or to differences in their physical properties.

However, pumpellyite is present in several samples (M. Frey, pers. comrnun.)

indicating that post magmatic temperatures reached higher levels than during

normal burial and diagenesis. Otherminerals present as alteration products

include chlorite, epidote, sericite, calcite, and chalcedony. The chlorite may be a

metamorphic indicator, but it needs to be studied with X-ray diffraction. In

general, the igneous rocks are highly altered, and devitrified. These observations

indicate that they probably experienced a similar metamorphism to the

sedimentary rocks, but that the expression of the metamorphism is less obvious.

The cause and timing of the metamorphism are unknown. Burial

metamorphism such as has been documented inAndean Tertiary rocks (Levi et

al., 1989) does not seem to play an important role. The rocks that show the most

metamorphic fabric are not necessarily the lowest in the stratigraphy. The

presence of intrusions in the metamorphic zone suggests a genetic relationship.

However, these rocks are very fine-grained suggesting shallow emplacement.

Furthermore, baked zones are not associated with the contacts, and the

intrusions have also experienced metamorphism. These observations argue

against burial or contact metamorphism. I favor the metamorphism being due to

a regional tectonic event. Thus, metamorphism would occur at the same time as

the regional folding (and thrusting?). This cause would require significant

overburden which we no longer see in this region. The higherMesozoic units

may have been present, but have since been eroded.
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The presence ofvolcanic rocks east ofthe fault makes the formation

distinct from the Agua Fria Formation south of the Valle de Catacamas.

However, the lithology of the clastic rocks is similar on either eide of the fault.

The unmetamorphosed rocks south ofthe valley consist of thin-bedded (<1 to

5 cm) tan sandstones and shales, and in some cases thick-bedded (several meters)

sandstone (Kozuch, 1989a). Plant fossils have been found in this vicinity, but are

not dated. Coal beds also occur in this region. Distant from the thrust fault south

ofthe Valle de Catacamas (Plate II), rocks oftheAgua Fria Formation, such as

those exposed along the road from Bijagual to Azacualpa, are typical

sedimentary rocks and do not display any metamorphic fabric development. In

fact, some are not indurated. In contrast, as the contact with the basement rocks

is approached the rocks become progressively more metamorphosed (Kozuch,

1989a). Rocks near the fault have non-detritalmetamorphic micas. The Agua

Fria Formation rocks are well-foliated in the vicinity of the fault, and, in fact,

difficult to differentiate from the basement rocks. I believe that this

metamorphism is due to the thrusting and perhaps the loading ofthe thrust

plate.

No direct evidence for the age of the Agua Fria Formation has been found in

the Valle de Catacamas region. Kozuch (1989a) found plant fossils in the

unmetamorphosed Agua Fria Formation, but these have not yet been dated. The

Agua Fria Formation immediately south of the Valle de Catacamas is likely

Middle Jurassic in age as are the dated sections of the Agua Fria Formation. The

outcrop distribution ofAgua Fria Formation is continuous from the San

Francisco de Becerra map sheet to the Danli region where similar rocks have

been dated (see Chapter 2). The rocks along the east side of the Guayape fault

have not been dated by anymeans. Furthermore, they are separated from the

dated sections of the formation by this major fault, and they have a thick

volcanic section associated with them. Clearly, these rocks need to be dated by

some means other than by lithologic correlation. A two mica granite from

~44.2/36.4 La Bacadiamap sheet has been dated by the Rb-Srmethod (Manton

and Manton, 1984). Awhole rock, K-feldspar, biotite determination yielded an

age of 1 18 2 Ma. This age is difficult to interpret without other constraints; it
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could be a cooling age. Furthermore, this granite may represent a different time

and type of intrusion than the ones that I mapped closer to the fault.

Lacking paleontological data, there are few constraints on the environment

of deposition, either. The rocks east of the fault may be marine turbidites based

on the alteration of sandstones and shales. The rocks south of the valley are, at

least in part, continental deposits because they contain coal beds. These were

likely deposited in a delta whereas the turbiditic rocks may have been deposited

in a delta front.

Unnamed siliciclastic member

Clastic rocks occur beneath the Atima Limestone throughout the Chortis

block (Burkart et al., 1973; Fakundiny and Everett, 1976; Weber, 1979; Finch,

1981). These rocks have amuch different field character than the Agua Fria

Formation (see Chapter 2). Lacking a good type locality, these rocks are simply

called the unnamed siliciclastic member ofthe Honduras Group. In the Valle de

Catacamas region, the unnamed siliciclastic member and the Agua Fria

Formation do not crop out in the same region; their distribution is mutually

exclusive. The unnamed siliciclastic member crops out in the Sierra de Agalta,

north ofthe valley and west ofthe Guayape fault. Its position with respect to the

Atima Limestone is well established because it does not contain limestone

detritus. In the Santa Maria del Real map sheet, the unnamed siliciclastic

member crops out stratigraphically below the Atima Limestone only along the

drainage ofQuebrada del Quiscamote (i.e., at 09.3/37.9). Elsewhere, this unit is

commonly in fault contact with other units. In several localities above

Catacamas its stratigraphic position below the Atima Limestone can be inferred.

Its outcrop area is not large on the maps, but outcrops of it are widespread in the

Sierra de Agalta (Plate I and Plate II). The unit is well-exposed in outcrops along

the Carretera de Olancho between 08.2/33.4 and 09.3/34.4. It crops out

extensively from the region ofBoqueron to Catacamas. I have also found the unit

on the north side of the Sierra de Agalta, thus it probably occurs below the Atima

Limestone throughout the range.



93

The thickness ofthe unnamed siliciclastic member has not been measured

because the unit is commonly very highly folded and faulted in this region. Mills

et al. (1967) measured 2000 ft. (600 m) "at the base ofthe mountain front above

Santa Maria del Real" (p. 1760). The most likely place for this section is in Rio

del Real immediately above Santa Maria del Real. The unnamed siliciclastic

member is indeed exposed here. A section, tens ofmeters thick, is in fault contact

with the basement, but the nearly all ofthe section is covered. A shaly and

cleaved limestone overlies the unit. This section would be about 2000 ft. thick if

one assumed that the entire area was the same unit. Exposed rocks in the

intervening zone include volcanic rocks indicating that other units occur in this

zone. A stratigraphic section that could be measured in the strict sense was not

found in the vicinity. Thus, I do not believe Mills et al. (1967) actuallymeasured

a section in this area. They probably just estimated the thickness based on a few

widely separated localities. However, I do credit them with finding nearly all of

the majormap units exposed in the Valle de Catacamas region at a time when

road accesswas minimal. The thickness ofthe Honduras Group need not be more

than a few hundred meters throughout most of Plate I. However, further west,

near Boqueron, it may be thicker inasmuch as it is exposed across a broader zone

perpendicular to strike (Plate II). North of Catacamas, the Honduras Group may

be very thin or absent in some localities. On the southwest side ofRio

Catacamas, Honduras Group crops out in a narrow zone. However, I did not find

any outcrop or detritus of Honduras Group between definite basement and

outcrop ofAtima Limestone in Quebrada Agua Chela (13.35/47.8. Catacamas map

sheet). The thickness variations ofthe Honduras Group sections mimic the

thickness variations of the Atima Limestone.

Coarse-grained sandstone forms the bulk of the unnamed siliciclastic

member in this region. The rock is characteristically yellowish orange. Quartz-

pebble conglomerates are also common. The conglomerates also contain schist

and phyllite fragments, but do not contain limestone clasts, other sedimentary

rock clasts, or even igneous clasts. The detritus is all basement rock, which is

true for the unnamed siliciclastic member in general (Burkart et al., 1973;

Fakundiny and Everett, 1976; Emmet, 1983). Some shale units also occur. They
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vary from a few centimeters thick to at least 10 m in thickness. One sample of

coarse-grained sandstone was studied petrographically. The sandstone is a lithic

recycled orogenic sandstone under the classification of Dickinson et al. (1983).

All of the quartz grains in this sandstone are metamorphic quartz from the

basement. The rock also has phyllite fragments from the basement rocks. The

grain content of the sandstone is very similar to the clast composition of the

conglomerates. Except for the shales, rocks of the unnamed siliciclastic member

are very well indurated, quartz cemented rocks. The metamorphic rock

fragments are crushed by the quartz grains and the rock has essentially no

primary porosity.

No direct information on the age of the unnamed siliciclastic member has

been obtained from this region. Mullerried (1939) found "madera fosil" in

sandstone which he considered evidence for a Jurassic age. This age has not been

substantiated because he never obtained a date for the fossil wood. He just

assumed itwas Jurassic (see Chapter 2). Elsewhere in Honduras, samples from

this unit have been dated with palynomorphs as Early Cretaceous (Emmet, 1983;

Gose and Finch, 1987). I consider this as the best age for the unnamed

siliciclastic member in the Sierra de Agalta.

Although key indicators such as coal are not present, the unnamed

siliciclastic member was deposited in a continental depositional environment.

There is no evidence for marine deposition. These are typical continental clastic

rocks. In fact, the rocks have a remarkable similarity with the modern alluvial

terrace deposits in areas of extensive basement outcrop, except that these

deposits are not lithified. The general character and distribution of

conglomerates, sandstones and shales indicates that these are fluvial deposits.

Based on the presence of pebble conglomerate, boulder conglomerate and

siltstone, Emmet (1983) suggested that this unit is an alluvial fan deposit in the

Agalteca region. The outcrop in the Valle de Catacamas region does not support

this interpretation, though the Honduras Group rocks exposed at Agaltecamay

well be alluvial fan deposits. The Sierra de Agalta Honduras Group rocks do not

have large boulder clasts found on alluvial fans; debris flow deposits have not

been identified. Differences in bedding types that are characteristic of alluvial
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fans (Bull, 1972) have also not been found in the Sierra de Agalta Honduras

Group. The widespread distribution ofthe unnamed siliciclastic member argues

against the unit being deposited as alluvial fans in small fa^lt -bounded basins. I

believe that broad flood plains and larger basins better explain the distribution

of the unit. However, extensive regions of basement rocks must have been

emergent for the widespread deposits ofbasement detritus, especially the

phyllitic fragments.

Shaly limestone unit

An excellent outcrop of shaly limestone is exposed along the Carretera de

Olancho at 09.3/34.35. Its stratigraphic position above the unnamed siliciclastic

member seems well established by bedding orientation in the unnamed

siliciclastic member east and west of this outcrop. This relationship holds true

for the other exposures near these roadcuts (Plate I). Similar rocks are not

exposed elsewhere in this region. The closest correlative rocks are at Talanga or

in the San Juancito region.

In outcrop, the shaly limestone unit is highly sheared such that bedding is

obscured. The rock is gray with yellow, orange and red streaks. The thin section,

sample 87MBG037, shows much evidence for shearing, and the rock clearly has a

foliation. The dominant mineral is calcite. Hematite is present in S shaped

shears. The rock also has a crenulation cleavage (Figure 4.6). Although this rock

is highly deformed compared to overlying formations, these features could have

been formed at low temperatures and pressure.

No information on the age of this unit has been obtained from this region.

The lithology of this shaly limestone is very similar to rocks exposed along the

Carretera de Olancho nearTalanga and to rocks exposed at Cantarranas near

San Juancito.

K. Young has identified an ammonite, Olcostephanus which was probably

collected at Cantarranas, near San Juancito (Figure 2.2). (W.R Muehlberger gave

the fossil to Young. No record ofwho collected it or exactlywhere it was collected

has been preserved.) It is similar to Olcostephanus coahuilensis Imlay, which is

Valanginian in age, but a lower HauterMan age cannot be ruled out (Gordon and
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Young, 1990; Young, in prep.). The ammonite has been tectonically flattened (K.

Young, pers. comrnun.). The rock that this ammonite was found in is very

similar to the shaly limestone exposed at Talanga, Cantarranas and the Valle de

Catacamas.

The Valanginian age is significantly older than the oldest, dated samples of

Yojoa Group where a continuous stratigraphic sequence can be documented

(Mills et al., 1967; Lozej, 1976). The samples from the lowerAtima Limestone or

"Cantarranas Formation" from the Lake Yojoa region have been dated

paleontologically as latest Barremian or lowerAptlan (Mills et al., 1967; Lozej,

1976; Finch, 1981). The time gap between the rocks at Cantarranas and the lower

section ofthe Yojoa Group at Lake Yojoa is significant, -10 m.y. Thus, I question

whether the Cantarranas Formation at Cantarranas should be included in the

Yojoa Group. This question has direct bearing onmapping the units in the Valle

de Catacamas region which are similar to formations that have been called

"Cantarranas Formation".

To explore this question, consider the similarities and differences in the

geology of a few areas ofHonduras. The stratigraphic sequence at Lake Yojoa is

very well established because of studies at the El Mochito Mine (Lozej, 1976) and

because of extensive geologic mapping (Finch, 1979, 1985; Curran, 1981). The

"Cantarranas Formation" conformably overlies the unnamed siliciclastic

member of the Honduras Group from which Early Cretaceous palynomorphs

have been collected at this location (Gose and Finch, 1987). The oldest limestone

units that have been dated at Lake Yojoa are latest Barremian (Lozej, 1976). The

Atima Limestone is in conformable contact with a shaly limestone

("Cantarranas Formation") in Rio Tepemechin (south of Lake Yojoa, 96.8/32.1,

Taulabe map sheet). The San Juancito area has been studied in detail (Carpenter,

1954), but the geology of the Lake Yojoa region is simpler. The stratigraphy from

the Jurassic to the limestones has not been established bymapping in the San

Juancito region. It has been documented paleontologically (Carpenter, 1954;

Mills et al., 1967). There are Jurassic clastic rocks (El Plan Formation and

Undefined Jurassic). The Atima Limestone (uppermost member of Carpenter's

Cantarranas Formation) is present and has been dated asAlbian (Mills et al.,
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1967). Now, we have an anomalous age for one ofthe lower members of

Carpenter's Cantarranas Formation. I accept Carpenter's (1954) stratigraphic

sequence, and the reassignment ofthe uppermostmember as Atima Limestone

(Mills et al., 1967). However, nobody has reported the nature ofthe contact

between these two units. The lowermembers ofCarpenter's (1954) Cantarranas

Formation have experienced more folding and faulting than the overlying Atima

Limestone which is openly folded (Mills et al., 1967). Some of this difference

could be due to a contrast in competency between the two units, but rocks ofthe

Cantarranas Formation do not show a simple tightening of fold hinges. The

section is repeated by thrusting in several localities along the road between San

Juancito and Cantarranas. It is not clear that the folds are coaxial with the folds

in the Atima Limestone. The Cantarranas-type rocks at Talanga are also highly

contorted although the Atima Limestone may overlie these beds conformably.

Different lithologies and structures are exposed at the three localities in east-

central Honduras than the rocks exposed near Lake Yojoa.

The Valanginian age for the Cantarranas Formation at Cantarranas

combined with the age range given to it by previous workers (Mills et al., 1967;

Finch, 1981) implies that the formation is of greater significance than either its

thickness or distribution implies. Thus, I suggest that the rocks exposed at

Cantarranas and those exposed at Lake Yojoa are separate entitles. The rocks

exposed at Cantarranas, Talanga and in the Valle de Catacamas may ormay not

have been a continuous stratigraphic unit. Nonetheless, I propose that they were

deposited under the same conditions and probably at about the same time. At all

three locations these rocks are more complexly deformed than overlying Atima

Limestone. This deformation is not just limited to a tighter style of folding that

would be expected due to the lithologic contrast between competent, massive

limestone and more readily deformed shaly limestone. In the Valle de

Catacamas, the orientations of the shaly limestone foliations are concordant

with the bedding orientations of the unnamed siliciclastic member. The age and

the structural data suggest that these rocks are part ofthe Honduras Group

despite the fact that they are not siliciclastic. Although the Honduras Group

rocks at this locality (near the roadcuts, Plate I), are in fault contact with the
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Atima Limestone, I propose that an angular unconformity exists at the top of the

Honduras Group inmuch ofOlancho. I base this on part onmy reconnaissance

throughout the region. I have often found complexly deformed Honduras Group

rocks even where the Atima Limestone is onlymodestly folded. I do not believe

that the contrast in deformation style can be attributed to tighter folding of

incompetent units because the quartz-cemented sandstone and conglomerate

probably deformed as competent beds. The Sierra de Agalta Honduras Group does

not include much shale. The Salama region is an excellent example of this

relationship. A discrete deformation event could occur during the age gap (~10

m.y.). The complexly deformed sub-Yojoa Group rocks are in distinct contrast to

the deformation of rocks with similar lithologies in the Valle de Angeles Group.

The shaly limestone in the Valle de Angeles Group is tightly folded, but is coaxial

with the major folds. Furthermore, the rock has not experienced microscopic

shearing as has the shaly limestone unit ofthe Honduras Group.

Figure 4.6. Photomicrograph of shaly limestone, cross polarized light.
Calcite grains show preferred alignment and a crenulation cleavage has

developed in one zone. Sample 87MBG037 collected at 09.3/34.35. Field ofview

is approximately 0.7 mm (lengthwise).
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Yoloa Group

In this region, the Yojoa Group consists of three map units: A volcanic unit,

a shaly limestone member, and the major formation, the Atima Limestone. The

lower units may be local in extent. The Atima Limestone is a major cliff-forming

unit that has been found throughout the Chortis block (see chapter 1). The best

place to see the entire Yojoa Group sequence is the vicinity ofCerro Bolola and

the nearby road in square kilometer 12/40.

Volcanic unit

Volcanic and volcanogenic rocks crop out along the northwest margin of

the SantaMaria del Realmap sheet and the adjacent part ofthe Catacamas map

sheet. Volcanic rocks are not a common lithology of the Mesozoic stratigraphy

ofHonduras. I initially mapped these rocks as Tertiary volcanic rocks. Later

field mapping showed that this stratigraphic position is not viable. This unit

occurs below the Atima Limestone. Although no one key outcrop shows this

conclusively, several clues were found bymapping. Much of the evidence is

actually exposed in the Catacamasmap sheet. As a result, the southwestern part

ofthe Catacamasmap sheet wasmapped in almost asmuch detail as the Santa

Maria del Real map sheet.

The distribution of this unit is limited. The unit is exposed in the cores of

anticlines on two ridges at 08.4/37.5 and 08.8/37.6. The principal outcrop belt

begins at Cerro del Pate (09.6/40.0) and continues to the east. The best exposure of

the unit is in Quebrada Seca from 12. 1/41.0 to 12.4/40.6 on the Catacamas map

sheet. Assuming steep dips, this length of continuous exposure suggests that the

unitmay be asmuch as 400 m thick. It is exposed along the ridge top at

12.65/41. 15. The volcanic unit is not present in the highermountains north of

Catacamas in the region of ElMurmullo. Its extent to the west in unknown

because the stratigraphy below the Atima Limestone is not exposed.

The geologic mapping shows that the unit is interlayered with the

Cretaceous units. The contact with the overlying shaly limestone is exposed at

12.25/40. 15 Catacamas map sheet along the roadside. Although it clearly
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underlies the shaly limestone and thus the Atima Limestone, it is less clear how

thick the volcanic unit is at this location and whether it represents a map unit or

not. Elsewhere along this road, the same contact can be inferred. Map relations

on Cerro del Pate further show that the limestone is above the volcanic unit

(Figure 4.7). The bedding on the hillside at 09.5/39.5 is dipping to the south.

Thus, the top of the hill is lower in the section. At the very top of the hill, a

pyroclastic rock (sample 86MBG030) is exposed. Although I would not pin the

stratigraphy on this schematic cross section, it is entirely consistent with the

geology exposed in Quebrada Seca and other adjacent regions ofthe Catacamas

map sheet.

Several types ofvolcanic rocks are present. At least one lava flow is

present. Most ofthe exposed rock is a purple pyroclastic rock. One is a lithic

crystal ash flow tuff; others are less distinct. Some epiclastic sediments are

present. The lack ofmarine fossils suggests that these rocks were deposited in

alkali lakes with high volcanogenic input. Where the nearby limestone is

cleaved, the volcanic unit is highly tectonized, but without the development of

cleavage.

The age of the volcanic rocks is only constrained stratigraphically. They

overlie the Honduras Group. If the Honduras Group is mostly pre-Hauterivian,

they are Hauterivian or later in age. They underlie the Atima Limestone which

has been dated asAptlan in this region. Thus, the volcanic rocks areAptian or

older.

Shaly limestone unit

A shaly limestone unit occurs beneath the Atima Limestone along the same

outcrop belt where the volcanic unit is exposed. It is distinct from the shaly

limestone unit exposed in the range front. This unit is always gray, is usually

bedded, and has experienced the same style of deformation as the Atima

Limestone. Although its contact with the Atima Limestone is not exposed, its

stratigraphic position with respect to the Atima Limestone can easily be inferred

at most localities.



West of Santa Maria del Real

no vertical exaggeration

Figure 4.7. Cross section from Montana de Buena Vista (09.3/41.6,
Catacamasmap sheet) to 09.9/38.9, Santa Maria del Realmap sheet (see Plate n).
This section is simplified, but it does show that the volcanic rocks underlie the

Atima Limestone. The rocks under the volcanic rocks are probably Honduras

Group, and are almost certainlymore complexly deformed than as shown. The
rocks underneath the major fault are complexly deformed Honduras Group. The

limestone, well exposed on the hillside in the southeast, is strongly cleaved. The

cross section shows a simple monocline that has been faulted. The northern

fault is a basement reverse fault which caused the development ofthe monocline.
The southern fault is a normal fault because Atima Limestone is placed on
Honduras Group. These north dipping normal faults are common along the

range front, at least in the Santa Maria del Real map sheet. Theymay be
reactivated thrust faults. See the section entitled "Relations between structural

blocks" at the end of this chapter for more discussion.

The farthest west exposure, and the least deformed, of the shaly limestone

is in Quebrada de La Avispa in the far northwest corner of Plate I (07.8/40.0). The

shaly limestone is dipping south. Further south in Quebrada de La Avispa, the

Atima Limestone crops out and also dips south. The dip ofthe beds and the

length of exposure suggests that several hundred meters of shaly limestone is

exposed here. This thickness is not preserved in the range front farther east, but

all units may be tectonically thinned in that region. Shaly limestone is exposed
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along the road north of Cerro Bolola. It has been tectonized, and is commonly

cleaved. However, visible bedding orientations indicate that it is dipping to the

south, such that it is stratigraphically below the Atima Limestone exposed on

Cerro Bolola and above the volcanic unit. The shaly limestone is also exposed in

some fault blocks and above the volcanic member elsewhere in this vicinity. Its

true outcrop extentmay be greater than the geologicmap indicates because it does

not form good outcrop on the ridges in themanner that the Atima Limestone

does. For example, on the top of peak 1062 (10.5/39.8), a thin-bedded limestone is

tightly folded, whereas 100 m to the south cleavedAtima Limestone is exposed. I

mapped all of this asAtima Limestone, butW.R Muehlberger suggested that the

folded limestone looked like "Cantarranas Formation". This would be entirely

consistent with my proposed stratigraphy because south-dipping volcanic rocks

crop out to the north. This exposure is not a mappable entity so the map shows

Atima Limestone at this locality. There are commonly zones of no outcrop

between the volcanic unit and Atima Limestone. These are likely areas of shaly

limestone.

The lithology of the shaly limestone unit is similar to rocks that I have

seen in Rio Tepemechin near Lake Yojoa. The unit consists of gray shaly

limestone with thin beds of blue micritic limestone which is very similar in

appearance to the Atima Limestone. It generally does not have a metamorphic

appearance, but It is sheared in some outcrops. Likewise, the limestone beds

show the same cleavage that is present in the Atima Limestone.

No direct information on the age of the shaly limestone has been obtained.

Its age is stratigraphically constrained as above the volcanic unit and below the

Atima Limestone. The stratigraphic position below massive Atima Limestone is

similar to the shaly limestone exposed in Rio Tepemechin which has been called

"Cantarranas Formation". Considering that its lithology is also similar, I

suggest that the Sierra de Agalta shaly limestone correlates with this

"Cantarranas Formation" which is distinct from the Cantarranas Formation

exposed at Cantarranas.
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Atima Limestone

The Atima Limestone has been called the "fundamental stratigraphic

datum" ofHonduras (Mills et al., 1967). It certainly is the thickest, most

widespread unit in this part ofthe Sierra de Agalta. In the northwest corner of

the SantaMaria del Real map sheet, most ofthe hills have been stripped to the

Atima Limestone. The limestone is also a major cliff-forming unit in the

mountains above Catacamas. Despite the tropical environment, much good

exposure ofAtima Limestone is present because it forms high cliffs (Figure 4.8).

After ridges are cleared for cultivation, excellent outcrop commonly forms

because the soilwashes off leavingmuch bedrock exposed. The distribution of

the Atima Limestone is shown on Plate II. The Atima Limestone occurs

exclusively in the Sierra deAgalta. It does not crop out on the south side ofthe

valley, nor has it been found immediately east ofthe Guayape fault in this study.

The Atima Limestone has been reported farther east of the Guayape fault in the

Mosquitia Basin (Mills and Hugh, 1974).
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Figure 4.8. Limestone cliff at Cerro Boqueron. The cleavage observed in

outcrop (Plate n) is dipping 75 to the north (to the right in photo). Water streaks

do not necessarily represent the cleavage. The Atima Limestone is probably
folded very tightly here to produce this cleavage. Limestone on the right (north)
side is probably dipping to the north. Cliff face is approximately 100 m high.
View is from 06.75/36.4, Juticalpamap sheet to the west.

Figure 4.9. Outcrop ofcleavedAtima Limestone on ridge at 11.1/42.3,
Catacamas map sheet. The exposure is excellent, but rock only shows pervasive
cleavage. Outcrop is 30m high.
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A complete section of the Atima Limestone has not been found in the Sierra

de Agalta. In several localities its thickness can be approximated from outcrop.

Cross ructions across the unit also constrain the thickness (e.g.. Figure 4.7).

These techniques are not as ideal as ameasured sectionwould be, but are all that

is available at this time. North ofBoqueron, a section of limestone at least

300m thick is exposed on the east side of hill 940+ (05.2/38.5, Juticalpamap

sheet). This is not a complete section. The Atima Limestone is probably

relatively thick in this region (500-600 m). Cross sections across Montana

Piedra Blanca require a thickness of 500 m for the Atima Limestone, or a tighter

fold geometry. Exposures north ofCatacamas show that the limestonemust be

much thinner in this region (see structure section). These thickness variations

have the same distributions as the thickness variations in the unnamed

siliciclastic member. The deeper basins of Honduras Group subsequently

underwent more subsidence during the deposition ofAtima Limestone resulting

in thicker sections of limestone in these regions. This general trend continues

west of the Valle de Catacamas. The Atima Limestone appears to be more than

600 m thick in the Salama region where a thick section ofHonduras Group is

also exposed. The concept of a linkage between thickness ofthe Honduras Group

and the Atima Limestone should be tested throughout Honduras.

The undeformed Atima Limestone is very similar to Atima Limestone

exposed elsewhere in Honduras. Beds are commonly one to twometers thick. In

localized beds the limestone is more fossiliferous; nearly a coquina in places.

The orbitolinid coquina commonly observed in central Honduras was not found

in the Sierra de Agalta. Some deep (up to 100 m) sinkholes are evident on the

topographic maps of the Sierra de Agalta. Many of these are formed in the Atima

Limestone, but some also form in limestones of the overlying Valle de Angeles

Group.

Much of the Atima Limestone in this region is highly deformed. The

limestone commonly has a pervasive pressure solution cleavage which has

obscured original bedding surfaces. Although the limestone in Figure 4.8 is very

well exposed, little structural information can be obtained from this outcrop
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because of the cleavage. Onmany ridges only cleavage can be observed (Figure

4.9).

The Atima Limestone is typically a biomicritic limestone. The relatively

undeformed samples consist primarily ofmicritic mud. Samples with fossils

have micrite between most fossils. Some samples contain abundant fossils, but

these samples are not representative ofthe outcrops. Quartz is present as detrital

grains and as a replacement mineral. Organic matter is common in the samples.

Observations with a white card in reflected light (technique of Folk, 1987) show

that organic matter has migrated as a result of deformation. The occurrence of

pyrite framboids indicates consumption of organic matter by bacteria (R.L. Folk,

pers. comrnun.). Nearly all ofthe rocks sampled are limestone. Dolomite is

exceedingly rare both in outcrop and as grains within the limestone. This

observation is in distinct contrast with the Lake Yojoa region where Finch (1972)

found dolomite to be present in 25% of the Atima Limestone samples that he

studied petrographicalry. One dolomite was sampled (88MBG176; Figure 4.10).

This is from a small outcrop, and no other outcrop like it was found. Likewise,

chert is also rare. Chert nodules occurwith the dolomite (Figure 4. 10). Finch

(1972) reported that "thin beds ofblack chert are not uncommon" (page 31). No

such chertwas found in the Sierra de Agalta. Some evaporite nodules were found

in89QQ205. These contain length-slow chalcedony. Folk and Pittman (1971)

propose that the length-slow chalcedony is cryptic evidence for replacement of

evaporite minerals. If so, this rockwas deposited in very shallowwater. In fact,

most of the Atima Limestone studied contains evidence for deposition in shallow

water because of their faunal assemblages (see Appendix 2) or because of their

petrology (abundant micrite). Bedding parallel stylolites and veins of sparry

calcite are common in the Sierra de Agalta samples.

The deformed limestones are much more common than undeformed

limestones in the Santa Maria del Real map sheet. In fact, all of the Atima

Limestone in the immediate vicinity is deformed to a much greater degree than

any samples previously reported from Honduras. The samples from the interior

part of the Sierra de Agalta are much less deformed than any sample near the

range front. The deformation is manifested in several ways. The most typical
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deformation feature seen in outcrop is highly cleaved limestone. In thin section

and with the SEM, evidence for recrystallization is present. The micrite matrix

has an interlocking metamorphic fabric, or, more rarely, metamorphic grain

enlargement. In the samples without an obvious cleavage, the micritic grains

have been pervasively sheared. Flattening of fossils is also observed in these

samples.

The relative timing of diagenesis and deformation in these rocks can help

constrain the structural interpretation. Lacking quantitative information, I

propose a speculative sequence of evolution for the Sierra de Agalta samples,

based on comparison to central Honduras. Diagenetic alteration of the Atima

Limestone to dolomite and chert is relatively common in central Honduras. I

propose that these processes occur throughout the geologic history of these

samples as long as the rock is undeformed. As a result, the dolomite and chert

are widespread in central Honduras. In the Valle de Catacamas region, this style

of diagenetic alteration occurred before deformation. However, the dolomite and

chert are rare. Thus, I propose that chert and dolomite formed only before

deformation. After the deformation, the original conditions conducive to

diagenesis had been destroyed due to the formation of the deformation fabric. In

central Honduras, the rocks were not significantly altered during deformation,

allowing diagenetic alteration into dolomite and chert to continue.

Consequently, nearly all of the Sierra de Agalta samples are micrite. The

dolomite was not cleaved during this deformation, but its most prominent

fracture (Figure 4. 10) is parallel to the limestone cleavage indicating a genetic

relationship. This sequence implies relatively early deformation of the

limestone. I propose that the deformation occurred during the Late Cretaceous

after the deposition of the Valle de Angeles Group.
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Figure 4. 10. Dolomite with chert nodules. This is an unusual rock type for
theAtima Limestone in the Sierra de Agalta. (a) Outcrop at 06.85/33.65, canyon
ofBoqueron. Bedding is defined by orientation of chert nodules. The prominent
fracture that cuts the bedding at a high angle is parallel to regional cleavage, (b)
This section of sample 88MBG176 which is from outcrop in (a). Rhombs of
dolomite occur inside the chert indicating that chert formed after the dolomite.
Dolomite veins cut chert and dolomite. Field of view is approximately 1.2 mm

(lengthwise).
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The age of the Atima Limestone is now paleontologically well established

in the Sierra de Agalta (see Appendix B). The presence of ChoffateUo decipiens

indicates that the age of the limestone isAptlan or older. The assemblage in ^his

sample (86MBG100) indicates thatAptlan is the most likely age. The top ofthe

Atima Limestone is not exposed in the SantaMaria del Real map sheet. None of

the paleontological data indicates that younger limestone is present within the

mapped Atima Limestone (Plate I). The contact between the Atima Limestone

and the Valle de Angeles Formation crops out in the neighboring San Francisco

de la Pazmap sheet (Figure 1 1). The caprinid Kimbleia occurs about 50m below

the contact with the Valle de Angeles Group. This fossil gives the formation a late

Albian age. This age is younger than the age of the Atima Limestone-Valle de

Angeles Group contact in Central Honduras (Lozej, 1976; Finch, 1981).

Mullerried (1939) reported Toucasia texana as well as caprinids from north of

Rio Catacamas on the Catacamas map sheet. The presence of Toucasia texana

indicates that the rocks are middle Albian in age. I am a bit suspicious of his

data because he is clearly in error about the Jurassic rocks, yet, the presence of

caprinids indicates that the rock is similar to 89SFP209. His sample must have

been from the upper part ofthe Atima Limestone. Mullerried deserves special

recognition for physically getting to this area and making some geological

observations at a time when access was much poorer than today.

Due to the paleontological database, much evidence for the environment of

deposition exists for the Atima Limestone in the Sierra de Agalta. Nearly all of

the limestone was deposited in very shallowwater. Most samples studied were

deposited on a shallow shelf lagoon on a carbonate shelf (Appendix B). Some

samples were deposited on a shallow, high energy carbonate shelf. A few samples

may have been deposited on a deeper carbonate shelf to slope. The map

distribution of these units does not show any trend to a deeperwater

environment. The distribution of deeperwater deposition does not show a

systematic variation with stratigraphic position either.

According to the relative sea-level curves ofHaq et al. (1987) and Scott

(1988), sea-level was risingwhen the Atima Limestone was being deposited. The

transition to deposition of the redbeds of the Valle de Angeles Group occurred
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while global sea-levels were still rising. The change to deposition of redbeds was

probably due to tectonic factors because the timing ofthe change does not

correlate with a fall in sea-level.

Figure 4. 1 1. The LowerValle de Angeles redbeds-Atima Limestone contact,
new (1989) roadcut on the San Francisco de la Paz-Gualaco road. Red limestone-

clast conglomerates crop out to the left and overlie the grayAtima Limestone on

the right. Fossils are plainly visible in the limestone, and have been dated as

upperAlbian (Appendix B, sample 89SFP209b). This sample is about 50 m lower

in section; 89SFP210 is from outcrop in picture. Contact is at 89.95/46.25.

Hammer, lower left, below contact for scale.

Interbedded sandstone

Beds of sandstone, approximately 50 m thick, occur within the Atima

Limestone. Two were mapped in the hillside of Cerro del Pate in 1986 when the

exposure was excellent. These sandstones occur in small outcrops on the

hillside. Because the limestone was well exposed and not covered with

vegetation, the contact was clearly visible from a distance. Another bed of

sandstone was mapped at 08.0/38.8. A five meter high outcrop is exposed in a
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cornfield. The sandstone unit can be followed across strike until limestone

occurs above and below this outcrop. The unit wasmapped further south where it

appears to be folded. Other sanostone beds are likely in the Atima Limestone, but

the sandstone does not crop out as well as the limestone does. The sandstone

demonstrates that regions ofbasement were probably emergent during the

deposition ofAtima Limestone. The presence ofmetamorphic quartz detritus in

the limestones further supports this observation.

Valle deAnaeles Group

Mills et al. (1967) recognized that the Valle de Angeles Group forms an

important stratigraphic entity across Honduras and revised the existing

nomenclature by raising the unit to group status. Red conglomerates, sandstones

and shales form the dominant lithologies of the Valle de Angeles Group. These

redbeds are lithologically distinct from the clastic rocks of the Honduras Group.

First, they are commonly bright red, not orange or gray like the Honduras Group.

Second, they contain limestone clasts as well as quartz pebbles. Finch (1972,

1981) recognized that a major thick-bedded limestone unit, the Jaitique

Formation of Cenomanian age, is interlayered in the Valle de Angeles Group near

Lake Yojoa. His mapping required a revision of the stratigraphy of Mills et al.

(1967). Other limestones have subsequently beenmapped within the Valle de

Angeles Group demonstrating that the limestones are widespread on the Chortis

block (Home et al., 1974;Weber, 1979). The Esquias Limestone mapped by Home

et al. (1974) has an upper Cenomanian to lowerTuronian fossil assemblage (K.

Young, pers. comrnun.). Limestone in El Salvador that is likely interbedded in

the Valle de Angeles Group also has an upper Cenomanian to lowerTuronian age

(Kemper andWeber, 1979). These limestones do not form a continuous

stratigraphic datum as does the Atima Limestone. They have slight age

differences and are restricted to regions of a few thousand square kilometers.

The Valle de Angeles Group in the Sierra de Agalta has a grossly similar

stratigraphy to the regions where limestones are included in the group. Within

the mountains, a thick redbed sequence is exposed and at least one thick

limestone unit is interbedded in it. The stratigraphic relationship between the
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Valle de Angeles Group and the othermap units could not be established on the

Santa Maria del Real map sheet. However, its stratigraphic relationship with the

Atima Limestone is definitely established to the northwest (Figure 4. 1 1). Its

relationship with the Atima could also probably be established on the Juticalpa

and Catacamas map sheets. The distribution on Plate I ofValle deAngeles Group

is limited to a fault block in front of the Boqueron fault and to a few isolated hills

in square kilometer 20/39. Although no stratigraphic contact with the Atima

Limestone is exposed, the map unit is clearly post-Atima Limestone because

conglomerates contain limestone clasts in both outcrop regions. A small area of

limestone that overlies the redbeds was also mapped.

In the fault block south ofthe Boqueron fault, the Valle de Angeles outcrop

principally occurs near two hills: Hill 485 (13.85/39.4, near Santa Maria del

Real) and hill 495 (12.5/38.6). Both outcrops were probably visited by K.E. Hugh

(in Mills et al., 1967), because they write "one thin section [ofValle de Angeles

redbeds] was measured near SantaMaria [d]el Real", and "A few Esquias

limestone beds, 5-20 ft thick, are near the top ofthe redbeds" (Mills et al., 1967, p.

1760). These statements basically describe these two outcrops, respectively.

However, a good section to measure is not exposed here. The use of "Esquias

limestone" 150 km from its type locality is ill-advised because this extent of the

formation has not been established by geologic mapping. The limestone could be

thicker than 5-20 ft because the top ofthe limestone is not exposed. The south

slope of hill 495 is capped with this limestone (Plate I). The extent ofthe Valle de

Angeles Group to the west of hill 495 is uncertain because much of this area has

surficial deposits of boulders from the Honduras Group. An isolated outcrop of

Valle de Angeles Group is exposed at 1 1. 15/38.55, indicating that this area is

probably all Valle de Angeles Group bedrock below a very thin surficial layer of

landslide and alluvial deposits. Other than the two hills, the outcrop is poor, but

sufficient to show that Valle de Angeles Group continues to the range front fault

(Boqueron fault) where it is faulted either against Honduras Group or the shaly

limestone member of the Yojoa Group. A few coherent slide blocks containing

Atima Limestone and Honduras Group occur in this region.
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Tertiary (?) volcanic rocks are exposed on most of the low hills of the Valle

de Catacamas. Yet, on the north side ofthe valley, Valle de Angeles Group is

exposed on a few ofthe hills. Conglomerate, sandstone and shale ofthe Valle de

Angeles Group crop out in the low hills in square kilometer 20/39. The

lithologies exposed here are very similar to the lithologies exposed near Santa

Maria del Real. The conglomerates contain limestone clasts, and the rocks are

very distinct from the Honduras Group. More probable Valle deAngeles Group is

exposed on Cerro Monte Redondo at 28.7/44.3 Catacamas map sheet. The

principal lithology exposed on the hill is limestone of unknown age. The

limestone overlies reddish-brown sandstone and shale. Although not typical

Valle de Angeles Group, the stratigraphy has much more in commonwith it than

with the Atima Limestone. The rocks are highly fractured because of nearby

faulting associated with the Guayape fault.

The Valle deAngeles Group crops outmuch more extensively north and west

of the Santa Maria del Real map sheet. It is present in the high mountains of the

Sierra deAgalta above Catacamas, but not mapped because ofthe lack of access.

It is also exposed lower in the range. The group is widespread on the Juticalpa

map sheet, and was mapped in reconnaissance (Plate II). Systematic mapping of

the map sheet is necessary to reveal the internal stratigraphy ofthe group. A new

road was recently (1989) constructed across the Sierra de Agalta from San

Francisco de la Paz to Gualaco. The roadcuts reveal more of the internal

stratigraphy of the Valle de Angeles Group than exposures that have beenmapped

at present in this region. Elsewhere, in the region, Kozuch (1989b) mapped Valle

deAngeles Group directly above basement rocks in the southwest comer of the

map sheet.

As has been described elsewhere in Honduras, the Valle de Angeles Group

consists of limestone- and quartz-clast conglomerate, sandstone and shale as

well as the interbedded limestones. The redbed lithologies exposed in the Santa

Maria del Real map sheet are dominantly coarse-grained deposits.

Conglomerates contain quartz and limestone pebbles and cobbles. Two

sandstones from the Santa Maria del Real map sheet were studied

petrographically. They mostly contain metamorphic quartz and metamorphic
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rock fragments. They also contain some limestone. These lithologies are

essentially the same as the conglomerates except that limestone cobbles are more

common than limestone sand grains. These sandstones are distinguished from

all Honduras Group rocks by the presence of limestone. They are also typically

red and calcite cement ismore common than in the Honduras Group rocks. The

sandstones have not undergone any alteration other than normal diagenesis.

Prior to calcite cementation the rocks were compressed as is now displayed by

bent grains and pressure solution. These features demonstrate that the rocks

were deeply buried (Wilson and McBride, 1988). The coarse-grained appearance

ofthe redbeds suggest that they are part ofthe lower redbeds ofthe Valle de

Angeles Group, a typical feature of the lower redbeds in central Honduras (Finch,

1981). The redbeds also underlie the limestone exposed on hill 495 which also

suggests that they are lower redbeds.

The limestone exposed on hill 495 is lithologically distinct from the typical

Atima Limestone. In outcrop, it is mostly blue micrite with abundant rudists. It

is a pelmicrite in thin section, but the presence of peloids is not sufficient to

distinguish it from Atima Limestone. It has undergone significant diagenetic

change and recrystallization, but this need not have been due to deformation. It

is a different unit than the Atima Limestone on the basis of its paleontology and

its stratigraphic position above redbeds. The limestones from Cerro Monte

Redondo are also not like typical Atima Limestone. They are recrystallized, as

well.

The new roadcuts through the San Francisco de la Paz map sheet expose

much more ofthe Valle deAngeles Group. The stratigraphy ofthe Valle de

Angeles Group bears directly on the formation of the Valle de Catacamas, because

rocks of the group are in the hanging wall of the major range-bounding normal

fault, the Boqueron fault. Stratigraphic relationships are not clear enough from

the roadcuts to know the exact sequence without paleontological data. However,

making a few assumptions, I will propose the following stratigraphy (Figure

4.12).

The lowermost Valle de Angeles redbeds are limestone clast conglomerates,

with clasts up to boulder size. The lower redbeds include some calcite-cemented
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sandstones and shales but are dominantly conglomerates. Much ofthe lower

redbeds sequence has a tan color.

Limestones interbedded in the Valle de Angeles Group form the most

interesting section ofthe stratigraphy (Figure 4. 12). The lower part ofthe

limestone-dominant unit is a shaly limestone similar to the Cantarranas

Formation at Cantarranas. However, the stratigraphy is very different than at

Cantarranas, and I do not correlate this unit to the Cantarranas Formation.

Fakundiny (1970) identified a unit exposed at El Sauce as Cantarranas

Formation which he later reinterpreted as the basal section of a limestone unit

within the Valle deAngeles Group (Fakundiny and Everett, 1976). Based on field

observations in 1989 at El Sauce and in 1990 along this road, the shaly limestone

unit at El Sauce is much thinner than the shaly limestone of the Sierra de Agalta.

Furthermore, the El Sauce unit is grey and the Sierra de Agalta unit is tan. Their

general character is also distinct. However, they may represent a similar

environment of deposition during a transition from continental clastic

deposition to shallow marine limestone facies. The Sierra de Agalta shaly

limestone is at least 200 m thick. It is overlain by a thick-bedded, blue

limestone. Karst features are well-developed in the limestone. From examining

the topographic sheet alone, one would probably assume that the karst indicates

that the local bedrock is Atima Limestone. Yet, sinkholes forming on the Valle

deAngeles limestone are as deep as 40 m. Sinkholes elsewhere on the San

Francisco de la Paz sheet are as deep as 100 m, but it is unclear onwhich

formation the deepest sinkholes occur. Within the massive limestone and above

it, a flaggy, thin-bedded, blue limestone crops out. This unit is reminiscent ofthe

Guare Member ofthe Jaitique Formation. However, it should not be correlated to

the Guare Member because 1) paleontological data is not available from the

Sierra de Agalta samples and 2) the Guare Member is not a continuous,

identifiable stratigraphic unit between the Lake Yojoa region and the Sierra de

Agalta. Along the old road, I collected samples ofthe flaggy limestone in 1987

which contained ostracods and foraminifera. These fossils are not age

diagnostic in thin section. Flaggy limestone forms the uppermost portion of the

overall limestone unit (Figure 4. 12). At 93.7/53.3 it is overlain by a 20 m thick
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volcanic unit. Although intense weathering makes identification difficult, R.D.

Rogers (Peace Corps) and I agreed that the volcanic is dacitic.

The redbeds above the limestone units are fine-grained relative to the lower

redbeds, a feature commonly noted in central Honduras (Finch, 1981). The upper

redbeds are consistently bright red inmost localities. The top ofthe upper redbed

sequence was not observed. However, within either redbed unit, limestone units

may be present. One such limestone about 3 m thickwas found at 89.9/49.95.

The lateral extent of the limestone is unknown, but is probably minor.

At least one widespread, thick limestone section is present in the Valle de

Angeles Group in the Sierra de Agalta. Although Southernwood (1986), without

citing any paleontological data ormapping, asserted that Guare Member is

interbedded with the redbeds ofthe Valle de Angeles Group along the old road to

Gualaco, this relationship could not have been established until after the new

road had been constructed. Furthermore, "Guare Member" is an inappropriate

name for this region. Limestone within the Valle de Angeles Group had not been

reported previously in Olancho (e.g.. Mills et al., 1967). The Esquias Limestone is

geographically the closest limestone of the Valle de Angeles Group. The

limestone in the Sierra de Agalta should not be called Esquias unless geologic

mapping can establish its stratigraphic continuity with the type locality.

The limestone exposed on hill 495 provides the only information on the age

ofthe Valle de Angeles Group in this region. Several fossils were identified by

paleontologists (see Appendix B), but no fauna in the sample is completely

diagnostic. A multichambered foraminifera with a shape like Discocyclina is

present. Discocyclina has a Cenomanian-Tertiary age range. A rudist,

Radiolites aff. newelli that is also present is suggestive of an Albian-

Cenomanian age R.W. Scott (pers. comrnun.). However, it is Turonian at its type

locality, and its age in Honduras is most likely Cenomanian-Turonian (K. Young,

pers. comrnun). The age ofthe lower redbeds is bracketed by the age derived
from

the uppermost part ofthe Atima Limestone and the age ofthe Valle
de Angeles

limestone. The age ofthe upper redbeds is unknown for the Sierra
de Agalta as

well as for central Honduras.
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STRATIGRAPHY OF THE VALLE DE ANGELES GROUP

NORTH OF SAN FRANCISCO DE LA PAZ
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Figure 4. 12. Stratigraphy exposed in roadcuts between San Francisco de la

Paz and Gualaco. The uppermost Atima Limestone is dated as upperAlbian

which is younger than in central Honduras (cf. Finch, 1981). RobertW. Scott

(Amoco, Tulsa) reported the presence of the caprinid Kimbleia as well as other

fauna. I collected a blue flaggy limestone within the Valle de Angeles Group in
1987 which contains ostracods. No age has been determined yet for this rock.

Mills et al. (1967) proposed that the Valle de Angeles Group extends into the

Tertiary. This age was proposed, in part, based on their paleontological locality

65 from which W.P.Woodring identified "probably early Tertiary (Eocene?)"

fauna In the Esquias Formation (Mills et al., 1967, p. 1780). Later study by Home

et al. (1974) failed to confirm the Tertiary age. Their samples ofEsquias

Formation have a late Cenomanian-earry Turonian age (K. Young, pers.

comrnun.). Mills et al. (1967) also report anAlbian-Late Cretaceous age for the

Esquias Formation (their locality 158). These three localities are from the same
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proximity and probably are all the same unit. Although the samples at locality

65 ofMills et al. (1967) have not been restudied, it seems that the Tertiary age is

incorrect. The upper redbeds in Honduras and elsewhere in the Chortis block,

directly overlie the Cenomanian-Turonian limestone units which defines the

lower age limit for the unit. Gose and Finch (1987) suggest that the upper redbeds

elsewhere in Honduras are no younger than Campanian based on palynomorphs

and magnetostratigraphy. Other direct evidence for the age ofthe upper redbeds

is lacking. Home et al. (1974) state that the Matagalpa rocks have an angular

unconformity with the Valle de Angeles Group. The upper redbeds in the Esquias

region are no more than 100m thick (Home et al., 1974) suggesting that their age

range is probably limited. The upper redbeds are thicker in the Lake Yojoa

region, but the available data indicate that the upper redbeds of the Valle de

Angeles Group do not extend into the Tertiary anywhere in Honduras.

The depositional environment of the Valle de Angeles Group has received

scant attention in the literature other than the interbedded limestones. The

presence of redbeds and the lack ofmarine fossils strongly suggests a continental

depositional environment. The lower redbeds are dominantly conglomerates

containing granule size to boulder size clasts. Gallo and VanWagoner (1978)

stated that the presence of trough crossbeds, channels, etc. indicate that the lower

redbeds (their llama Formation) were deposited on alluvial fans or in braided

streams. The clast size and poor sorting indicate that the lower redbeds were

deposited on a high gradient surface. Southernwood (1986) reached a similar

conclusion for the San Francisco de la Paz section along the old San Francisco de

la Paz to Gualaco road. The presence of limestone clasts and boulders indicate

that the source was very near. The exposed contact ofAtima Limestone and Valle

de Angeles Group (Figure 4. 1 1) shows an abrupt transition from limestone

deposition to deposition of conglomerates. The contact suggests a change in the

tectonic regime and/or a period of non deposition between the two units. This

contact is unlike the Atima Limestone-Valle de Angeles Group contacts exposed

in central Honduras (e.g.. Finch, 1972).

The limestone exposed on hill 495 was deposited in shallow water. The

random orientation of the rudists in the outcrop indicate that the exposed
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limestone consists of storm deposits. The faunal assemblage and petrology

indicate that the limestone was deposited on a shallow, high energy carbonate

shelf (R.W. Scott, pers. comrnun.). The other Valle deAngeles samples are more

ambiguous (Appendix B), they could be deep or shallowwater. Other limestones

within the Valle de Angeles Group were deposited in shallowwater (Home et al.,

1974; Finch, 1981).

The upper redbeds ofthe Valle de Angeles Group are generally fine-grained

(Finch, 1981). The red sandstones, siltstones and shales ofthe Valle de Angeles

Group were deposited in braided streams and flood plains (Gallo and Van

Wagoner, 1978). They interpreted these beds as encroaching upon a shallow

marine carbonate platform. This relationship may be true for the upper redbeds

encroaching on the Valle de Angeles limestone platforms. Care needs to be taken

to distinguish this relationship from the lower redbeds which also encroached

on a shallow carbonate platform in central Honduras (e.g. Finch, 1972, plate Ic).

Several authors have proposed that the Valle de Angeles Group was

deposited in a molasse tectonic setting (Mills et al., 1967; Home et al., 1974;

Azema et al., 1985). The term "molasse" is used herein as defined byVan Houten

(1973). Southernwood (1986) proposed that the conglomerate ofthe Valle de

Angeles Group was deposited in strike-slip basins. The Valle deAngeles Group is

verywidespread in Honduras. Estimated thicknesses for the Valle de Angeles

Group are asmuch as 3 km (Mills et al., 1967). The Valle deAngeles Group has

undergone folding and thrusting as has the underlying Atima Limestone. If

deposition was controlled by strike-slip faulting, one would expect rapid

thickness changes and distinct basins, not widespread deposition. The

sedimentological characteristics of the Valle de Angeles Group are compatible

with other tectonic settings. The limestone clast conglomerates are good

evidence for nearby fault scarps, and conglomerates with large clasts are likely

alluvial fan deposits. The presence of folds and thrust faults within the Valle de

Angeles Group supports the molasse basin interpretation, yet the deformation

could well have occurred after the deposition ofthe Valle de Angeles Group. In

general, the distribution and sedimentology of the redbeds are consistent with

the "synorogenic molasse" ofHome et al. (1974). The tectonic activity began in
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the middle Albian. The input of clastic rocks terminated the deposition ofAtima

Limestone, and continental deposition dominated. In much of central Honduras,

the transition from limestone deposition to the deposition of redbeds occurred

on low, flat flood plains periodically inundated by seawater (Finch, 1972; Gallo

and VanWagoner, 1978). The transition to deposition ofthe redbedswas more

abrupt in the Sierra de Agalta. Tectonic activity may have waned as sea levels

rose in the Cenomanianworld-wide (Haq et al., 1987). A combination ofthe

slower tectonic uplift and rising sea-level resulted in the deposition of

Cenomanian and early Turonian limestones throughout the Chortis block, but

the entire Chortis blockwas not necessarily inundated at the same time. The

timing of the deposition of the Cenomanian-Turonian limestones is slightly our

of synch with the global changes in sea-level (Haq et al., 1987; Scott et al., 1988).

The highest sea-levels occurred the lower Cenomanian, not the middle

Cenomanian (Jaitique deposition) or upper Cenomanian to Turonian (Esquias

deposition and Sierra de Agalta limestone deposition). Tectonic factors probably

controlled limestone deposition in Honduras. Some areas may have experienced

continuous redbed deposition. Redbed deposition continued into the Campanian.

The later redbed deposits were lower energy deposits perhaps resulting from sea-

level fall.

Campantepe volcanic rocks

Volcanic rocks form the bedrock formuch of the eastern end of the Valle de

Catacamas. They are dominantly pyroclastic. They are also exposed north of the

Boqueron fault on the west side of the valley. On Plate I, the volcanic rocks occur

in a belt from the southwestern corner to the northeastern corner. In general, the

outcrop width widens between the western end of the valley and the vicinity of

San Pedro de Catacamas. They are also found on Cerro de Cura. The volcanic

rocks crop out on most of the hills in the valley. The most extensive outcrop

region is in the region of San Pedro de Catacamas. These rocks are named herein

the Campantepe volcanic rocks after Cerro Campantepe (21.4/29.5) where a thick

succession of volcanic rocks is exposed. The Campantepe volcanic rocks are

similar in outcrop to rocks that have been called Matagalpa Formation.
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McBirney andWilliams (1965) named this formation for andesitic rocks exposed

in Nicaragua and applied the name to andesitic rocks in Honduras (Williams and

McBirney, 1969). These authors included the rocks from the Valle de Catacamas

region in the Matagalpa Formation even though they did not have any samples

from this region. Matagalpa Formation is supposed to be the basal Tertiary

volcanic unit ofthe Chortis block. However, the name is generally used as a

lithologic description because the Tertiary volcanic stratigraphy is not always

exposed. In addition, volcanic stratigraphies tend to be of local extent. Applying

a name across a large region is likely erroneous. In fact, rocks that have been

called Matagalpa Formation in Honduras have K-Ar dates that are as much as

17 m.y. younger than some ofthe ignimbrites that they are supposed to underlie

(F.W. McDowell, pers. comrnun.; also Emmet, 1983, Appendix IV). Curran (1980)

recognized this problem and chose a local name for the andesites that he had

mapped. Likewise, I have decided to use a local name. The rocks in the Valle de

Catacamas are probably not the same age, and almost certainly do not have the

same source as the type-Matagalpa rocks.

The Campantepe volcanic rocks are dominantly pyroclastic rocks. Lava

flows may be present, butwere notmapped in this study. Lithic ash flow tuffs

account for the largest volume of rocks. They typically contain mafic rock

fragments, but the juvenile volcanic component may be more felsic. Crystal

lithic ash flow tuffs and air fall tuffs are also present. Only one rock has a

significant amount (>10%) of quartz, and it is from the lowest part ofthe section.

Epiclastic sedimentary rocks are interlayered with the volcanic rocks.

The stratigraphic position of the Campantepe volcanic rocks is not well

established. A depositional contact on the basement rocks was established on

Cerro Campanario (19. 15/24.8). I did not find the contact in outcrop, but it can

easily be mapped on this hill and nearby. The contact is dipping shallowry to the

north. The contact between the Campantepe volcanic rocks and the basement

rocks is commonly faulted in other locations. No stratigraphic relationship

with other units has been established. The uniform dip of 30-50 for distances of

several kilometers across strike indicates that the volcanic rocks constitute a

thick section. The lack ofMesozoic rocks in the section implies that the volcanic
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rocks are not the same age as the rocks in the Sierra de Agalta. The lack of

similar rocks between the basement and Mesozoic rocks implies that they are

not pre-Mesozoic. The Campantepe volcanic rockr are also different in character

from the volcanic rocks associated with the Agua Fria Formation east of the

Guayape fault, and theAgua Fria sedimentary rocks do not underlie the

Campantepe volcanic rocks. Thus, the most likely age for the Campantepe

volcanic rocks is Tertiary, but Late Cretaceous is also possible. Given that the

range of possible ages is at least 50 m.y., these rocks are a high priority to date,

but their petrography indicates that this would be difficult because minerals

easily dated by the K-Ar technique (biotite, hornblende) are hydrothermally

altered.

Late Tertiaru (?) and Ouaternaru deposits

East ofRio Guayape and Rio Tinto, high, deeply dissected terrace deposits

were mapped (Plates I and II; map unit QTtd). The high points on the terraces are

asmuch as 200 m above the modern level ofthe rivers. These deposits crop out

on the west side ofRio Tinto only in the far northern part of the Santa Maria del

Real map sheet and the adjoining part ofthe La Bacadiamap sheet. The terraces

are deeply incised by streams that flow out from the mountains to the east. No

active deposition seems to be occurring on the terraces. The terraces are

dominantly gravel deposits and sand resulting from high energy fluvial deposits.

The volcanic rocks of the Agua Fria Formation constitute most of the clasts in

the gravels. Presumably, the sedimentary rocks being more fissile broke up

before they could be deposited as clasts. A volcanic ash is interbedded in the

alluvium at 28.8/25.4.

Although the source ofthe clasts was certainly the east side ofthe Guayape

fault, it is less clear from this studywhether the terraces were formed by small

streams or by the major rivers. A few regions have the form of alluvial fans. If

they are true fans, they have been cut off from their source areas by uplift of both

the fans and the source areas. Some terrace tops are very flat such as at Plan de

Casas Viejas (33.3/32.2) which is 60m above the level ofthe rivers. Large clasts

are as prevalent near the river as they are close to the mountains. These
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characteristics suggest that the position ofthe terraces is not controlled by the

rivers removing material from the fronts of alluvial fans. Knowing more about

the origin ofthe terraces would aid the tectonic interpretation.

Their abrupt termination in front of the rivers and the lack of similar

deposits at similar elevations on the west side of the rivers (and thus the Guayape

fault) suggests tectonic activity. Uplift of the terraces may be occurringwith the

uplift and tilt to the east of the entire terrain east ofthe Guayape fault. The uplift

would explain why there is no active deposition on the terraces, and why these

terraces do not occur on the west side ofthe fault.

Detailed mapping of recent river terrace depositswas done in the valley on

Plate I. The mapping was done with 1:20,000 aerial photographs thatwere taken

in 1982. Unfortunately, the eastern region over the Guayape fault is not covered.

1:40,000 aerial photographs, also taken in 1982, were used for these regions.

Fluvial processes are very rapid, especially along Rio Guayape. Major changes

have occurred to the courses ofthe rivers and the positions ofthe younger terrace

levels since an earlier set of aerial photographs were taken between 1960 and

1968. Significant differences between the 1982 photographs and 1987-88 were

noticed during mapping. In order to make the mapping uniform, no attempt was

made to take changes since 1982 into account. Nonetheless, the mapping is

useful to to document changes and for land use purposes.

Three terrace levels were documented other than the high terraces found

east ofthe fault. The oldest and the highest terrace level, Qt_3, is 20-25 m above

the level of the rivers. It is dissected several meters by the small streams. The top

of the terrace is approximately flat. The intermediate terrace level, Qt2, is the

most widespread. It is about 10 m above the river level and is only moderately

eroded. This terrace is actively being eroded in some places by the major rivers

resulting in major (>100 m) lateral shifts in the position ofthe contact between

Qt2 and Qal since the 1960s. The youngest terrace level, Qt\, is only a fewmeters

above the rivers. It has undergone dramatic change since the early aerial

photographs were taken. These changes indicate that this level is no more than a

few tens of years old.
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The history of these terraces documents a lowering ofbase level for the

major rivers in the area. The continued rapid erosion and downcutting suggests

that the base level is still being lowered. Some changesmay be due to human-

induced changes. According to the local residents, much ofthe valley has been

deforested in the past 40 years. The deforestationmay have had serious impact

on the fluvial system. Clearing of land by burning has occurred episodically in

the Valle de Catacamas probably since pre-colonial times (Johannessen, 1963).

The most recent cycle has been net clearing of land. Amajor change in land use

from mostly grazing to mostly large-scale farming seems to have occurred

between the time that Johannessen made his observations in the 1950s and the

late 1980s. This change in land use could have also had an impact on the fluvial

system. The terrace deposits are not cut by faults that can be documented with

1:40,000 air photos. Considering the rapidness ofthe changes to the fluvial

system, this may have little significance for the Quaternary history of the

Guayape fault other than indicating that the movement on the fault is slow, or

that slip events are infrequent.

Alluvial fans are present in front of the Boqueron fault. The town of

Catacamas is located on one of these fans. These are very subtle, low relief

features. Nonetheless, they exhibit typical characteristics of alluvial fans. They

are conical in shape. Streams often overflow their banks and deposit their loads

beyond their banks. The toes ofthe fans appear to overlie Qt2 on the aerial

photographs. The Catacamas fan is incised in the vicinity of the town, and the

active fan is now south of the town. The discharges of Rio del Real and Rio

Catacamas clearly decrease when they enter the fan indicating that they recharge

the groundwater reservoirs ofthe fans. No faults have beenmapped across the

fans. However an anomalous high alluvial hill, El Mirador, occurs within the

town ofCatacamas at 18.3/42.0, Catacamas map sheet. Also, north ofthe

Boqueron fault, alluvial deposits occur above the level of the valley, indicating

that they may have been tectonically uplifted.
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STRATIGRAPHY OF STRUCTURAL BLOCKS

A stratigraphic sequence for the Valle de Catacamas has been developed

from geologic mapping. Most sections of the stratigraphy are similar to the

stratigraphy ofMesozoic rocks described elsewhere on the Chortis block.

However, the complete stratigraphy is not exposed in a given region. Instead, the

structural features separate regions which now have distinct stratigraphies. The

Valle de Catacamas region can be divided into three different terrains (Figure

4. 13) with distinct stratigraphies. The modem topographic features define the

boundaries between different stratigraphies. Although the topography may seem

to be a feature of little structural interest, the topographic boundaries actually

understate the tremendous geologic differences between these terrains. These

different stratigraphies have been juxtaposed against each other by tectonic

movements. In order to develop a tectonic framework for the region an

understanding of the stratigraphic differences between the terrains must be

developed first.
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Figure 4. 13. The three stratigraphic terrains of the Valle de Catacamas

region. The Sierra de Agalta, terrain I (bold lettering), is the most similar to the

stratigraphy of central Honduras. Terrain II is the southern side of the valley.
The two dominant lithologies in this region are basement rocks and Jurassic

Agua Fria Formation which does not contain significant volcanic rocks.
Terrain III is the region east of the Guayape fault. Agua Fria Formation crops out
in this region, but it is overlain by a thick section ofvolcanic rocks. See Plate II,
and Figures 4. 14, 4. 15, and 4. 16 for details

Sierra de Agalta (terrain I)

The stratigraphy of the Sierra de Agalta is similar to the stratigraphy that

has been studied bymany workers in central Honduras (Finch, 1972; 1981; Home

et al., 1974; Fakundiny and Everett, 1976; etc.). It consists of a thin sequence of

clastic rocks overlain by the Atima Limestone which is overlain by Valle de

Angeles Group. Some differences between the stratigraphy of central Honduras

and that of the Sierra de Agalta exist, whereas the same elements are present



(Figure 4. 14). The key units of the Mesozoic stratigraphy ofHonduras, the Atima

Limestone and the Valle de Angeles Group are present in the Sierra de Agalta.

The Agua Fria Formation is not present in the Sierra de Agalta, desp" e the fact

that the formation is probably more than 2 km thick south of the Valle de

Catacamas.

INTERPRETIVE STRATIGRAPHY OF THE SIERRA DE AGALTA

Lithology

shale and

sandstone

limestone

conglomerate

thick-bedded

limestone

shaly limestone

pyroclastics

shaly limestone

sandstone and

quartz-pebble

conglomerate

Paleontology

Radiolites

Kimbleia

Choffatella decioiens

(Olcostephanus)

(palynomorphs)

contact probably faulted

low-grade

phyllites

Thickness

>unknown

500 m

100 m

400 m

200 m

' 300 m

Figure 4. 14. Stratigraphy ofthe Sierra de Agalta as developed in the text.
The arrows on the left refer to the paleontological ages. Fossil names are in

parentheses if they are not from the Sierra de Agalta. Only the limestones have
been dated in this study. Thicknesses are very rough estimates, not from
measured sections.
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South side ofValle de Catacamas (terrain W

The stratigraphy ofthe Sierra de Agalta does not continue the short

distance south to the other side ofthe valley. Cacaguapa Schist has beenmapped

along the southern margin of the valley by Kozuch (1989b) and by Gordon (Plate

I). A broad region ofAgua Fria Formation crops out south ofthe basement rocks

(Kozuch, 1989b; Figure 4. 15). Reconnaissance studies show that this formation

crops out continuously between the Valle de Catacamas and the Danli region.

The contact between Cacaguapa Schist andAgua Fria Formationwasmapped by

Kozuch (1989b). Its continuation to the east is based on reconnaissance mapping

(Plate I). South of the contact, Agua Fria Formation uniformly dips to the north,

indicating the presence of a thick section. The contact is a complex zone in

which the Agua Fria Formation has developed a foliation. These relationships

suggest that the contact is a major thrust fault placing Cacaguapa Schist onAgua

Fria Formation. A pluton that intrudes the Agua Fria Formation is truncated at

the contact supporting the thrust fault interpretation. The northern margin of

the pluton has experienced much strain as evidenced by the dynamic

recrystallization of quartz. Atima Limestone is not present in this region.

Kozuch (1989a,b) mapped a thin section ofValle de Angeles Group overlying

basement rocks (Figure 4. 15). These are mostly conglomerate with basement

clasts. Limestone clast conglomerate is also exposed. Kozuch (1989a) estimated

that these redbeds are at least 200m thick. R.C. Finch (pers. comrnun.) notes that

these are not typical Valle de Angeles redbeds, and no direct information on the

age of the unit is available except that the limestone clasts are Cretaceous

(Kozuch, 1989a). Nonetheless, I agree with Kozuch (1989a,b) that the beds are

most likely Valle de Angeles Group. The lack ofAtima Limestone indicates that

either the region was above sea level during the Aptian-Albian, or that the region

was uplifted and the Atima was eroded. If the regionwas uplifted, thismust have

occurred soon after the deposition of the limestone, because of the presence of

Valle de Angeles Group.



STRATIGRAPHY SOUTH OF THE VALLE DE CATACAMAS

Albian
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Middle

Jurassic
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x

lower redbeds

Agua Fria

Formation

Lithology

sandstone and

conglomerate

Paleontology

Cacaguapa Schist

thin-bedded

sandstone

and shale
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Figure 4. 15. Stratigraphy south ofValle de Catacamas. No paleontology is
available from the region directly south of the valley. Ammonites collected at

Danli and San Juancito constrain the age ofthe formation (see chapter 2). Plant
fossils were collected by Kozuch (1989a), but no age is yet available. Thicknesses
are estimated from Kozuch (1989b). VAG, Valle de Angeles Group.

East side of Guayapefault (terrain m)

The stratigraphy east ofthe Guayape fault, terrain HI, represents an

entirely new problem (Figure 4.16). The Agua Fria Formation is overlain by a

thick section of volcanic rocks. In addition, much of the Agua Fria Formation,

including the volcanic rocks, has experienced very low grade metamorphism.

The Atima Limestone and other elements of the stratigraphy of terrain I are not

exposed in this region. The Atima Limestone and the Valle de Angeles Group

have been reported further northeast (Mills et al., 1967) and in the Mosquitia

Basin (Mills and Hugh, 1974). The presence ofAgua Fria Formation near the

fault and higher stratigraphic units distal from the fault suggests that the block

has been tilted to the east. The physiography ofthe region indicates that some of



the tiltingmay be recent. The range crest near the fault is very even at about

1000 mwhereas towards the east it gentry slopes to elevations of 300m over a

distance of 30 km. However, the juxtaposition of stratigraphy without Agua Fria

Formation in terrain I against the substantial thickness ofAgua Fria Formation

in terrain n suggests large (80 km?) lateral displacement.

STRATIGRAPHY EAST OF THE GUAYAPE FAULT

Agua Fria

Formation

Lithology

andesitic

volcanics and

thin-bedded

sandstone

and shale

Paleontology

(Macrocephalites)

(plant fossils)

(Stephanoceras)

Thickness

"I >500 m

" > 500 m

no contact with basement observed

Figure 4. 16. Stratigraphy immediately east ofthe Guayape fault. This

stratigraphy only refers to the narrow zone mapped east ofthe fault (e.g.. Plates I
and II). The Atima Limestone has been reported much further east ofthe fault.
No paleontological data is available from the Agua Fria Formation directly east
of the fault. Thicknesses are estimated from the exposures along Rio Patuca. The

enigmatic limestone found in the Rio Patuca region is not included in this

stratigraphy because its stratigraphic position is uncertain.

Significance

The stratigraphic variations between the three terrains have been caused by

major tectonic movements which have occurred at least since the Jurassic. All

the movements are likely controlled by deep-seated basement faults. The

distribution ofAgua Fria Formation suggests that it was deposited in a tectonic

basin. Its thickness varies from thousands ofmeters to zero over very short

distances suggesting that major normal (?) faults (with >1000 m cumulative

throw) controlled deposition. The Guayape fault likely played a role during

deposition, but the overall fault geometry for the Jurassic is uncertain.
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Two major differences between terrains I and n must be addressed: 1) the

lack ofAgua Fria Formation in the Sierra de Agalta; 2) the lack ofAtima

Limestone south of the valley. Although later tectonic movements have modified

the boundary, amajor (as above) Jurassic fault system downthrown to the south

must have formed near the Valle de Catacamas to create amajor basin

(> 3000 km2) to the south to accumulate thick (> 2000 m) Agua Fria Formation

and to have no Agua Fria Formation to the north. The known geometry of the

Agua Fria basin indicates that this fault could have been a normal fault

boundary. The basin (as indicated by thickAgua Fria Formation) continues

100 km to the southwest from the Valle de Catacamas. The Agua Fria basinwas

likely a strike-slip basin (W.R. Muehlberger and P. Mann, pers. comrnun.).

Identifying a fault along the axis of the Valle de Catacamas as a strike-slip fault

would give the Agua Fria basin a length /width ratio less than one. (Length is

measured parallel to the strike-slip faults, and width is measured perpendicular

to the strike-slip fault.) This aspect ratio has not been observed inmodern or

ancient strike-slip basins (Aydin and Nur, 1982; Mann et al., 1983). Thus, the

strike-slip fault was more likely parallel to the modern Guayape fault. The

presently known distribution ofAgua Fria Formation indicates that the basin

was a dextral pull-apart basin.

The extent ofAtima Limestone deposition south ofthe Valle de Catacamas

is not known, but if it was deposited, it must have been uplifted and eroded prior

to the deposition ofthe Valle de Angeles Group. Strike-slip faulting along the

axis ofthe Valle de Catacamas may have also played a role in juxtaposing the two

separate stratigraphies.

Terrains I and n are both different from terrain HI. Theirmutual

stratigraphic and structural configuration is juxtaposed against the unique

stratigraphy of terrain HI. The major thrust fault that places the Cacaguapa

Schist over the Agua Fria Formation does not continue across the Guayape fault

in this region. The apparent termination of this structure by a major strike-slip

fault indicates large left-lateral displacement on the Guayape fault. Assuming

that the thrust fault continues on the east side ofthe Guayape fault, the

separation is left-lateral and suggests slip of tens of kilometers. Alternatively,



this thrust may have been a splay fault to the Guayape fault inmuch the same

manner that the Boqueron normal fault is now. Implications for the history of

the Guayape fault are discussed later and in Chapter 5.

STRUCTURAL GEOLOGY

Multiple phases of deformation are present in the Valle de Catacamas

region. Some structures bear only on the evolution of a particularmap unit such

as the folds in the Cacaguapa Schist. Understanding other structures is

necessary to develop a structural model for the Valle de Catacamas. Thus, the

structural geology ofthe individual units is developed first. The Cacaguapa

Schist largely developed its principal structural form during a pre-Mesozoic

orogeny. Rocks of the Agua Fria Formation exposed east of the Guayape fault

have a different structural style than the Mesozoic rocks exposed in the Sierra de

Agalta. The lack of stratigraphic continuity between the Honduras Group and the

Yojoa Group within the Sierra de Agalta requires that they be discussed

separately. Although a stratigraphic contact between the Yojoa and Valle de

Angeles Group is not exposed in the area ofPlate I, it is exposed northwest in the

San Francisco de la Paz map sheet. The folding of these units is discussed

together.

Structures in the Mesozoic rocks can be divided into two groups: Early

folding and modem normal faulting. Folding and cleavage development are

discussed first. The normal faulting is discussed separately. It affects all of the

units and has caused the uplift of the modem Sierra de Agalta. A structural

model is presented last. It integrates the relevant stratigraphic and structural

pieces and is used to address the problem ofthe Guayape fault.

Cacaguapa Schist

Lacking a consistent stratigraphy, I did not derive much information

regarding the major structures (>1 km wavelength folds, etc.) ofthe basement.

The map pattern of the quartzite regions has the form of northeast-plunging

antiforms. This interpretation is supported by the small number of bedding

orientations (Plate I; Figure 4.17).



I collected foliation and structural data to characterize the nature of

deformation in the basement rocks. A detailed structural analysis could be done

in the area along a few stream channels and gullies that expose relatively

unweathered rock.

Equal Area

Figure 4. 17. Bedding data from basement rocks. Only a few bedding
orientations were collected in the region all ofwhich are shown in this plot.
These are either bedding from within the mapped quartzite, or from beds of

quartzite within the schist. In general, the beds strike northeast. This may be
due to northeast-plunging folding.

Foliation data were collected from every feasible outcrop during mapping.

In order to avoid a random plot of the data, the foliation data were divided into

different domains defined on the foliation distribution in map view (Plate I). For

the purpose of this study, I decided that very simple domain boundaries would

suffice. The domain boundaries are defined by the north-south grid lines 16.0

and 22.0. The first domain (Group 1) is the region between the easternmost

outcrop ofbasement and the 22.0 km line. The second domain is between the

16.0 and 22.0 km lines. The third domain is from 16.0 km to the western edge of
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the map. Although these domains are neither based on the axial traces of folds

(e.g., technique ofRamsay and Huber, 1987) nor the sophisticated computer

technique ofVollmer (1990), this organization helps to avoid the problem of

scattering the data. The Group 1 foliations are folded in northeast-trending

isoclinal folds with a vergence to the southeast (Figure 4. 18a). Group 2 foliations

are folded in a chevron-shaped folds with a shallow northeast plunge. This

interpretation is better constrained because the data set is larger (Figure 4.18b).

Small isoclinal folds occur in this region indicating either that the

interpretation of the stereonet is oversimplified or that small (thin section scale)

do notmimic large (map scale) structures. The Group 3 foliations show a girdle

on the contour plot (Figure 4. 18c). The fold axis plunges about 20 to the

northeast. All three data sets were combined to test the effect of plotting the data

separately. This plot (Figure 4.18d) also shows a northeast-trending fold pattern

like the Group 1 and Group 2 plots. It looks very similar to Figure 4. 18b because

that is the largest data set. However, it also has a greater degree of randomness

(especially on the pole plots). The girdle found in Group 3 is not present on Figure

4. 18d. Thus, the slightly different style of deformation in this region would not

have been discovered without splitting the data into domains.

Ideally, the orientation of small folds would help identify the major fold

trends. More than one generation of folding was found both in outcrop and in

thin section. Folds formed by original bedding surfaces are labeled FI folds

(Figure 4. 19a). Folds defined by foliation surfaces are labeled F2 folds in Figure

4.19. These "F2" folds include two folds which are clearly at least F3 folds

because they deform the F2 folds. Because I found refolded folds, some ambiguity

exists regarding which folding episode a folded foliation represents where the

relationship is not clear at the outcrop. In fact, none of the fold orientations

yield consistent groupings (Figure 4. 19) despite separating the data into the same

domains used for the foliation analysis. There is a rough indication that the

small folds plunge northeast or southwest. The ambiguity ofthe fold data is

caused because the data set is sparse and because the "F2" folds could represent

multiple fold generations.



Poles to foliations

Group 1: East of

22.0 km

n=25

Equal Area

Kamb contour plot
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Figure 4. 18. Stereonets ofpoles to foliation and Kamb contour stereonets of
the poles, (a) Stereonets ofGroup 1, from outcrops ofbasement east of 22.0 km

grid line, (b) Stereonets ofGroup 2, from outcrops between 16.0 and 22.0 km grid
lines, (c) Stereonets ofGroup 3, from outcrops west of 22.0 km grid line. Trend
and plunge of pole to best fitting circle is N 57 E 20. (d) Stereonet data from all

localities. Groups 2 and 3 include some data from northern part ofMontana del

Incendio map sheet.
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Poles to foliation
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Thin section work yields additional structural information. During

fieldwork, only one foliation or cleavage surface was apparent. However, sample

88MBG164 has two cleavages. The more pronounced one is the SI phyllitic

cleavage collected in the field. S2 is a subtle cleavage cutting SI at a 30 angle. It

is defined by the alignment ofwhite mica. The presence ofmore than one

metamorphic surface would add considerable scatter to the stereonet data.

However, I am confident that most, if not all, ofthe data in Figure 4.18 is SI

because S2 was only found in thin section. Isoclinal folding was found in

samples 87MBG018 and 88MBG166. Foliation is isoclinally folded in 87MBG018

and this F2 fold is refolded by tight crenulations (F3). Isoclinal folding is

probablymuch more common at all scales, but is not well documented.

In summary, much evidence for a complex folding history is present in the

Valle de Catacamas region. The foliation data indicate that foliations are

generally folded about northeast-trending axes. Thin section and field data

indicate that multiple generations of small folds are present. Some of these are

isoclinal folds. The isoclinal folds have been refolded by small crenulations.

Additional complications within the basement rocks may have been caused by

faulting during the Mesozoic and Cenozoic. This terrain of basement rocks has

certainly experienced rotations about a horizontal axis and has probably

experienced rotation about a vertical axis during the later deformation stages.

The rotations about a horizontal axis are constrained by a) bedding Mesozoic

rocks which overlie the basement, and b) the northward dip of the Campantepe

volcanic rocks.

Similar styles of deformation has been described in basement rocks

elsewhere in Honduras (Fakundiny, 1970; Home et al., 1976; Simonson, 1977).

However, these deformation events cannot be correlated from one region to the

next. Most of the areas where basement rocks have been studied are separated

from each other by at least 100 km. Correlation of fold geometries commonly

cannot be successfully done over a distance of a few kilometers even in well-

studied metamorphic belts (Park, 1969). Isotopic work needs to be done to

establish the sequence of deformation in basement rocks of the Chortis block.
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Figure 4. 19. Stereonets of fold axes from the Cacaguapa Schist, (a) Folds in

bedding, (b) F2 folds (as defined in text) from Group 2 (same as foliation

grouping). Number 3 is a known F3 fold, (c) F2 folds from Group 3. Number 3 is a

known F3 fold, (d) All F2 folds.
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Agua Fria Formation

An inspection of Plate I quickly reveals that the bedding orientations in the

Agua Fria outcrop region are extremely variable. This result is confirmed by

plotting the data on stereonets (Figure 4.20). The bedding orientations from the

unmetamorphosed Agua Fria Formation are more or less north-striking and

east-dipping as the map data show (Figure 4.20a; Plate I). The bedding

orientations for the metamorphosed Agua Fria Formation are more

heterogeneous. They show a very weak point cluster striking east and dipping

north (Figure 4.20b), but the plot shows a distribution that is dominantly

random. Most of the bedding orientations have low dips. This feature contrasts

sharplywith the Rio Patuca regionwhere much of the bedding is steeply dipping.

The deformation style in the Valle de Catacamas regionmay be due to an

intrusion at depth because the rocks have low dips (W.R Muehlberger, pers.

comrnun.). Combining the data sets from the unmetamorphosed and the

metamorphosed regions yields shifts the data cluster to the east (west on the

stereonet). The diffuse pattern (Figure 4.20c) may indicate the presence of a

northeast plunging anticline. The fold data are likewise ambiguous (Figure 4.21).

Their plunges vary from 0 to 90 and their trends vary nearly 180. However,

several fold axes have a northeast trend. I believe that a clearer picture can be

determined by viewing the map. In general, the metamorphosed Agua Fria

Formation occupies a topographic low that strikes north. Realizing that the

volcanic rocks overlie the sedimentary rocks, I propose that they form an

anticline above the metasedimentary rocks. The volcanic rocks folded as a

competent bed. Room problems in the sedimentary rocks forced them to deform

in amuch more complex manner. The major folds along Rio Patuca also trend

north. This may be the dominant style of deformation in the region immediately

east ofthe Guayape fault. The bedding orientations ofthe unmetamorphosed

Agua Fria Formation can be explained as either the limb of a syncline or as a

rotated fault block.
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Figure 4.20. Stereonets ofbedding data fromAgua Fria Formation, (a)
Poles to bedding planes in the unmetamorphosedAgua Fria Formation, map unit
Jaf. (b) Poles to bedding planes in metamorphosed Agua Fria Formation, map
unit Jafm, and Kamb contour plot, (c) All bedding data from the Agua Fria

Formation, main outcrop area, southeast section of the map.
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Equal Area

Figure 4.21. Fold axes from the Agua Fria Formation. All but one are from

the metamorphosed Agua Fria Formation.

Sierra deAgalta Honduras Group

The unnamed siliciclastic member is commonly folded and faulted in

outcrop. Much ofthe faulting is recent, due to the formation ofBoqueron fault.

This faulting is discussed in a later section. Other faults formed synchronously

with the folding. The two types of faults are distinct in the field. The unit is

folded at the outcrop scale, and larger folds are also present. Folds with axial

traces less than 1 m long do not seem to be present. The competent beds of this

formation may not form small folds readily. Folds 10 m from limb to limb were

observed in several localities such as along the Carretera de Olancho. Bedding

data was collected to determine the regional folding. The map distribution of

strikes indicates some heterogeneity in the data set. Thus, the data were split

into two sets. The outcrop belt from west ofBoqueron to the eastern end of the
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roadcuts along the Carretera de Olancho forms the first data set (Figure 4.22a).

These data are grouped into a simple, non-plunging fold patternwith an axis

trending N 70W. This trend is significantly different than the folds in the

overlying Atima Limestone. The other data (Figure 4.22b) are from the outcrop

belt ofHonduras Group mapped between Quebrada Quiscamote and Rio del Real.

Honduras Group data from the Catacamasmap sheet are included in this set.

These data do not show any pattern. Folds are present in this region, but this

grouping is too large to show the regional pattern. The size ofthe data set does

not justify splitting it into several smaller groups. Alternatively, this region

may well have experienced more complex faulting which has obscured the fold

pattern over a large region. Individual beds commonly have a very different

orientation than beds in the overlying Atima Limestone. For example, bedding

in the Honduras Group has an orientation ofN 49W 42N at 08.95/34.3 along

the Carretera de Olancho whereas bedding in the Atima Limestone has an

orientation ofN 71 E 23S at 08.55/34.3. Bedding data from nearby outcrops

confirm the difference in attitudes but are not shown on the map (Plate I) for lack

of space. The discordance between bedding orientation between the two units

supports the interpretation of an angular unconformity discussed in the

stratigraphy section. The contrast in lithology alone would not explain

radically different bedding orientations. A difference in mechanical behavior

would lead to tighter, but coaxial, folding.

Yojoa and Valle deAngeles Groups

Deformation of the Atima Limestone has been much more intense in the

front of the Sierra de Agalta than elsewhere in Honduras. Overall deformation of

the Atima Limestone and of the Valle de Angeles Group has been relatively

simple folding and, presumably, thrust faulting. Basic detailed data on the

folding has been obscured by the development of cleavage. Cleavage development

is an important element of the structural history, but will be discussed later in

the text in order to understand its relationship to the folding.
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Figure 4.22. Stereonets of bedding data from the unnamed siliciclastic

member of the Honduras Group, (a) Boqueron data set. Data show simple fold
that trends S 70 E. (b) Bolola data set. The fold pattern is not well-defined,

though one with a N 85 E trendmay be present.
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Two major styles of folding occur in the Yojoa and Valle de Angeles Groups:

Monoclines and tighter, upright anticlines and synclines. Monoclines are

exposed further north than the anticlines and synclines. Awell-exposed

monocline crops out several kilometers north of the range bounding normal

fault (Figure 4.23). The dip is only 35, structural relief is not great, but this is a

major feature that has beenmapped for several kilometers. A similar, but not

identical, folding style is exposed 10 km southwest ofMontana El Pinabetal

above Rio Catacamas (Figure 4.24). This fold is on strike and represents the

continuation of the monocline (major monocline shown on Plate n). Other

monoclines cannot be followed as far along strike whereas they have a similar

amount of structural relief. I believe that the structure ofthe Cerro del Pate

region (square kilometers 09/39 to 12/39) can most easily be explained by a

monocline, but the structure has been obscured both by cleavage in the limestone

and by normal faulting that has affected all map units. A schematic view of this

structure is shown in Figure 4.7.

Folds south of the prominent monoclines were difficult to map. The most

complicated area is the northwest corner of the Santa Maria del Real map sheet

and the immediately adjacent section of the Catacamas map sheet. In this region

cleavage is pervasive and bedding orientation could only be seen in a few

locations. A few N 60 E-trending folds were mapped onMontana Piedra Blanca.

A clear folding pattern is not present on the stereonet (Figure 4.25). The plot of

the poles to bedding shows some evidence for a fold trending east, but this result

is not confirmed statistically with the Kamb contour plotting. Most bedding

orientations have a low dip to the south. The data is biased because cleavage

certainly is most intense in the regions of greatest deformation. The folds may

also have been broken up by the normal faults and rotated, obscuring the

stereonet pattern.

Valle de Angeles Group rocks are not exposed in the region ofAtima outcrop

in the Santa Maria del Real map sheet. They are in a block that has a normal

fault contact with the other units. Nonetheless, bedding orientations in the Valle

de Angeles Group (Plate I) indicate that it experienced tight folding prior to the

normal faulting. Comparison to the Catacamas and Juticalpamap sheets
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together.

To the southwest and northeast ofthe Santa Maria del Real map sheet, the

rocks are less deformed and it is easier to map the basic structures.

Unfortunately, these were not the areas where fieldworkwas concentrated. A

N 50 E syncline was mapped south ofthe majormonocline in the Catacamas

map sheet. Valle de Angeles Group crops out in center ofthe syncline which

makes it an easy-to-map structure. West of the SantaMaria del Real map sheet,

the structure seems to be dominated by west-plunging anticlines and synclines

(Plate II). These were mapped from air photos, five days of reconnaissance

mapping, and by photographs taken from the ground. These features, too, are

relatively easy to map because the Atima Limestone/Valle de Angeles Group

contact defines the folds.

Figure 4.23. Limestone monocline forms face ofMontana El Pinabetal at

23.0/51.0. View is to the west; beds are dipping to the south. This monocline is
5 km behind the range front fault. The fold trends ~N 50 E. SIR data shows that

the regional N 60W fold trend of central Honduras is dragged to the N 50 E

trend close to the Guayape fault. This exposure also shows that the Atima

Limestone is a least a few hundred meters thick at this location.
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Valle de Angeles Group

Cacaguapa #' \
Schist -v ^

Figure 4.24. Folded Atima Limestone above Rio Catacamas and line

drawing from photo. View is from 14.45/44.5 towards the north. Peak 1600 is at

14.4/47.6, Catacamas map sheet. Elevation of lowest limestone cliff is about

900 m. The limestone is no more than about 300 m thick at this location. No

evidence for Honduras Group rocks was found between the basement and the

limestone nearby. Thus, Honduras Group rocks, if present, are probably less

than 100 m thick.
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Figure 4.25. Stereonets ofbedding data from the Atima Limestone. Only
data from map unit Ka and Kas are included. Data are from SantaMaria del Real

and Juticalpa map sheets.
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The presence of cleavage in the limestone was unanticipated because it is

not reported in other better-studied areas in Honduras. The Atima Limestone is

typically openly folded and not highly deformed. Previous workers have not

reported pervasive cleavage within the Atima Limestone elsewhere in Honduras.

Emmet (1983) noted cleavage in the hinges of foldswhere the limestone is thin- to

medium-bedded. However, he did not observe a pervasive cleavage in thick-

bedded limestone throughout a broad region. In the Sierra de Agalta, the Atima

Limestone has a very planar fabric in outcrop. The rock commonly breaks into

thin (2-5 mm) sheets. The cleavage faces commonly have a thin coating of iron

oxides and other insolubles. The cleavage is not uniformly distributed in the

Sierra de Agalta. Rocks closer to the range front are more strained. Even in the

area from Montana Piedra Blanca to Cerro Bolola (Plate I) the cleavage is not

evenly distributed. Cleavage is more commonly observed than bedding, but

cleavage is not present at all outcrops.

The change from uncleaved to cleaved rock can occur over very short

distances. For example, on peak 980+ relatively undeformed, thick-bedded

limestone (sample 87MBG066) crops out at 08.3/35.95 without any trace of

cleavage in the hand sample. Further north the limestone is cleaved (more

steeply dipping than bedding), and the intensity ofthe cleavage increases

progressively away from the bedding. At 08. 1/35.95, the cleavage is the most

intense observed in the Sierra de Agalta. This change occurs in just 200 m. The

highly cleaved rock is in the core of an anticline suggesting a strong relationship

between folding and cleavage. Several other outcrops show a similar

relationship.

Small folds with which a relationship between cleavage and folding could

be derived do not form in the thick-bedded Atima Limestone. However, small

folds were observed in a thin-bedded limestone which may be part of the shaly

limestone unit of the Yojoa Group. These small folds have an axial planar

cleavage (Figure 4.26) that Is parallel to the cleavage exposed in nearby limestone

that does not have the lithologic layering.
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Figure 4.26. Atima Limestone is commonly strongly deformed. Limestone

in photo is folded and has an axial planar cleavage. This pervasive cleavage
commonly obscures bedding and other primary features of the limestone. The

cleavage formed during an earlier, shortening deformation phase. Fold axis is

N 79W 17. Location is 10.55/39.7.

Figure 4.27. Outcrop showing both bedding and incipient cleavage. The
relationship between bedding and cleavage proved difficult to establish in most
outcrops. In this outcrop the bedding, N 84W 50N, is parallel to the clipboard
and an incipient cleavage, N 86 E 60S, is parallel to the machete. More

typically the relationship could be established by observing bedding in one
outcrop and cleavage in a nearby outcrop, but the bedding orientations probably
change even over very short distances. Location is at 09.85/36.45.
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Only one example of the bedding/cleavage relationship in thick-bedded

limestone was found in a single outcrop (Figure 4.27). The bedding is still visible

probably because the cleavage is not pervasive. Where cleavage is pervasive, the

bedding is probably obscure because the Atima Limestone is very pure. Notable

lithologic contrasts between beds are uncommon in the thick-bedded limestone.

The orientations of the cleavage vary, but most of the cleavage strikes more

or less east and dips to the south (Figure 4.28). Due to the lack of places where

bedding and cleavage are both exposed, the amount of cleavage formation that is

due to layer parallel shear and amount that is true axial planar cleavage is

unclear. However, the axial planar cleavage in small folds (Figure 4.26), and the

limited exposures of bedding and cleavage indicate that cleavage formation is

axial planar. Thus, the vergence of the folds is to the north. No evidence for

folding ofthe cleavage, such as has been observed byMitra et al. (1984), has been

observed in the field or on the stereonet plot.

Petrographically, the cleavage is defined by the concentration of insoluble

materials such as hematite, limonite and phyllosilicates. The presence of

insolubles along the cleavage planes suggest that dissolution has occurred

(Alvarez et al., 1976; 1978). The rocks which are the most pervasively cleaved

have several other metamorphic features. Fossils are flattened parallel to the

cleavage (Figure 4.29), and are difficult to see in the highly tectonized samples,

but R.W. Scott (pers. comrnun.) suggested that sparry calcite subparallel to the

fabric in 87MBG032 is tectonized fossils. Several samples have a metamorphic

texture which is expressed as interlocking micrite grains or as an increase in the

size ofmicrite grains. In sample 9, coarser micrite grains are concentrated in

bands parallel to the cleavage defined by the insolubles. The spacing ofthe

cleavage and the presence of insolubles on the cleavage planes suggest that this is

a closely spaced cleavage induced by pressure solution. Criteria for total

shortening across the zone with cleavage has not been observed within the Atima

Limestone. However, the morphology of at least some of the cleavage is very
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Figure 4.28. Stereonets of cleavage in limestone. Data show a clear

clustering about a N 84 E 58S. If cleavage is truly axial planar, this orientation

implies that fold vergence is to the north. Data is from the Santa Maria del Real,

Juticalpa and Catacamas (south of 41.0) map sheets.
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similar to the very strong cleavage ofAlvarez et al. (1978). They found

telescoping of chert beds in limestone indicating that shortening was as high as

50%. This volume has been completely lost in the host limestone by pressure

solution. Thus, the spaced pressure solution cleavage in the Sierra de Agalta

could account for local shortening of up to 40-50%.

The micritic grain size of the limestone necessitates SEM study to better

understand the cleavage. Phyllosilicate grains define the cleavage in the SEM.

Compositionalry, these are probably illite or muscovite because ofthe presence

of potassium. The samples studied show a progression towards a greater amount

of cleavage development. Sample 87MBG077 has an alignment of phyllosilicate

grains at low magnifications, whereas at higher magnification the

phyllosilicates have a wavy, anastomosing fabric in which only a few grains are

aligned. Sample 86MBG112 has a well-defined alignment of small phyllosilicate

grains. The cleavage in this sample is similar to the penetrative cleavage ofTapp

andWickham (1987, their Figure 5b). Sample 9 has a well-defined alignment of

larger grains (Figure 4.30). Similar alignment of phyllosilicate grains has been

found by Schweitzer and Simpson (1986). Sample 86MBG1 1 1 has an alignment

of phyllosilicate grains which have a tabular shape that appears metamorphic.

The calcite also shows metamorphic development. The micrite grains in

samples 86MBG1 1 1 and 9 are 2-8M- and 5-lOji, respectively. The larger than

normal micrite grains are the result ofmetamorphic growth. The micrite in

sample 86MBG1 12 has an alignment similar to the penetrative cleavage ofTapp

andWickham, 1987, their Figure 5a). C-axis parallel spikes occur in the micrite

grains of sample 9 (Figure 4.30).

The observations discussed above help define the mechanism of cleavage

formation in the Sierra de Agalta. This point is key to interpreting the role of the

cleavage in the early structural development of the range. Although words like

cleavage and metamorphism, as used in this text, seem to imply deep seated

crustal conditions, all of the features described here can develop in rocks that

were never buried more than 6 km (Engelder and Marshak, 1985), including total

destruction of original sedimentary fabrics. These depths apply to the Sierra de
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Agalta rocks which have probably not been buried more than 4 km based on the

thickness of the overlying rocks.

An anomalous feature ofthe cleavage in the Atima Limestone compared to

limestone cleavage described elsewhere, is that theAtima Limestone is a very

clean limestone. Most cleaved limestone discussed in the literature develops in

marls with a high content of phyllosilicate grains. Marshak and Engelder (1985)

only found widespread cleavage in limestones with greater than 10% clay-quartz

matrix. Phyllosilicate grains, in particular, have been found to control the

development of closely spaced cleavage in limestones (Tapp andWickham, 1987;

Kreutzberger and Peacor, 1988; Lundin, 1989). The cleavage in theAtima

Limestone is also controlled by the alignment of phyllosilicate grains (Figure

4.30), but the total phyllosilicate content is very low. Some rocks that showed no

cleavage in hand sample have a micrite fabric that is very similar to the highly

cleaved samples. These rocks (specifically 86MBG097 and 87MBG032) have

virtually no phyllosilicate content. Thus, to know the deformation state of an

outcrop it is necessary to observe the rock in thin section, if not the SEM. The

presence of even minor amounts of phyllosilicates can lead to cleavage

development under the appropriate strain regime. Pure limestone may actually

be highly deformed microscopically without showing the spaced, solution

cleavage. These samples may have an appearance similar to the penetrative

cleavage ofTapp andWickham (1987, their Figure 5a).

Much interesting future work could be done on the Sierra de Agalta cleaved

limestones which would further constrain the deformation history, mite

crystallinity studies would constrain the temperature at deformation. Thin

section analysis of oriented samples representing a broad range of deformation

needs to be done, especially with ultra thin sections to see preferred orientations.

SEM and perhaps TEM would elucidate the detailed morphology ofthe cleavage.
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Figure 4.29. Photomicrograph, crossed polars, of deformed fossil. The

fossil has undergone significant strain, probably 2: 1 shortening parallel to

shearing. Cleavage not observed in hand sample, probably because rock has

negligible insoluble content. Sample 86MBG097. Location: 06.4/38.8, Juticalpa
map sheet. Fossil is 0.5 mm wide; field ofview is approximately 1.2 mm.

Figure 4.30. SEM photomicrograph showing cleavage. The cleavage is
defined by the parallel phyllosilicate grains. Calcite in spikes defined by their c-
axes. Deep etching of sample is essential in order to see the fabric. Sample 9
(from 1986 field season), location 09.5/39. 15. Magnefication is 2400x, or field of
view is 0.05 mm (lengthwise). Photograph taken by R.L. Folk.
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Northward dip ofCampantepe volcanic rocks

Throughoutmuch of the valley, the Campantepe volcanic rocks have a

northward dip of30 to 50 (Plate I, Figure 4.31; see also Kozuch, 1989b). This

orientation is observed from the San Francisco de Becerra region to the region of

El Hormiguero (Plate I).

Volcanic rocks can have an initial dip that is due to the slope ofthe

depositional surface. This problem is not relevant for the interpretation of the

bedding dipswhich are much too steep to represent deposition (Figure 4.31). The

bedding data collected includes data from epiclastic sedimentary rocks including

a shale bed. The dips of the sedimentary rocks are not significantly different

from dips on nearby volcanic layers. None ofthe bedding used for the stereonet

include welding textures or orientations of lithic clasts, features which

commonly do not have original horizontal attitudes. Most bedding orientations

are taken at lithologic layer boundaries. The consistent dip of the volcanic rocks

can also be observed in the field. The bedding can be seen based on its surficial

expression on many slopes which shows that its orientation is consistent for as

much as 1 km.

The Campantepe volcanic rocks are dipping towards the Boqueron normal

fault. A simple explanation is that the volcanic rocks are part of a fault block

that is rotating towards the range. Some complications may exist because the dip

is to the north whereas the fault strikes N 65 E. The difference could be

explained by rotation about a vertical axis due to dextral slip on the Guayape

fault.
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Figure 4.31. Stereonet plot showing northward dip ofCampantepe Volcanic

rocks.

FAULTING ASSOCIATED WITH BASIN FORMATION

As stated in the introduction, the purpose ofmapping the Valle de

Catacamas was to study the Guayape fault. Study of subsidiary features can yield

much useful information about strike-slip faults. The Valle de Catacamas is

defined by the Boqueron fault, the major range-bounding normal fault south of

the Sierra de Agalta. The east side ofthe valley is defined by the Guayape fault.

The south side of the valley is defined by low hills and much more subdued relief

than either the north or east sides of the valley. The west side of the valley is

defined by linears that are subparallel to the Guayape fault.

The Boqueron fault is key to the interpretation ofthe Guayape fault as a

dextral strike-slip fault. It is also the bestmapped fault in the valley. The

Guayape fault is the object ofthe study, but its expression is subtle in this area.

The general features along the Boqueron fault and geologic evidence for its

location are discussed below. The faulting in the vicinity of Juticalpa is well-

exposed, and thus, was studied in detail. Other faults presumably associated with
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the formation ofthe basinwere mapped east ofthe Guayape fault and south ofthe

valley (Plate n). Too little is known about these faults to evaluate their role in

basin formation.

Generalfeatures

The Boqueron fault forms the most prominent topographic feature of the

Valle de Catacamas region. A steep topographic scarp rises behind the fault. The

transition from valley to range is very abrupt. Most of the valley floor, except for

bedrock hills on the eastern end of the valley, is very flat with elevations near

the river of 300 m rising only to 400 m on the higher fans. Elevations behind the

fault rise to as high as 2354 m on the eastern end ofthe valley. Triangular facets

are well-developed along the fault scarp (Figure 5.3). Topographic relief across

the Boqueron fault decreases from the east end ofthe valley to the west end. Near

the Guayape fault, 2000 m of relief is associated with the fault. This relief

decreases to about 1 100 m near Boqueron and to 900m near Juticalpa. Likewise,

increasingly shallower structural levels are exposed in the footwall block of the

Boqueron fault from its intersection with the Guayape fault to Juticalpa (Plate

II). Near Catacamas, a broad terrain of Cacaguapa Schist is exposed below the

Mesozoic sedimentary rocks. From Santa Maria del Real to the Boqueron region,

the Honduras Group rocks are exposed immediately north of the principal fault.

Further west, Atima Limestone and then Valle de Angeles Group are the lowest

units to crop out in the footwall block. At the San Francisco de la Paz desvio,

Campantepe volcanic rocks are exposed in the footwall block. The decreasing

topography and the higher structural levels exposed indicate that the throw

across the Boqueron fault decreases to the west. Itwould be better, of course, to

estimate the throw from hangingwall and footwall cutoffs, but the geology of the

hangingwall is not well exposed. Where it is exposed, younger rock are always

placed on older rocks. Although typically one major fault is evident, the

Boqueron fault consists of a zone of several parallel faults. In Catacamas, one of

these places Atima Limestone on Cacaguapa Schist, and another places

Campantepe volcanic rocks on Atima Limestone. Immediately west of Santa

Maria del Real, Valle de Angeles Group is faulted against Honduras Group; the
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Atima Limestone is omitted across this fault which probably has a throw of at

least 1000 m. An exposed fault (Figure 4.32) at thewestern edge ofthe Santa

Maria del Realmap sheet places Atima Limestone on Honduras Group. The

throw on this fault may be as little as 100m although the degree of brecciation

indicates that it might be greater. The principal fault at this location is probably

at the range front itself. West ofBoqueron, Atima Limestone is faulted onto

Honduras Group behind the range front. At the range front, highly brecciated

Campantepe volcanic rocks are faulted against the Atima Limestone. At the west

end of the valley, the Campantepe volcanic rocks occur in both the hangingwall

and the footwall.

Figure 4.32. BrecciatedAptlanAtima Limestone (grey) is in fault contact
with underlying Honduras Group clastic rocks (reddish orange) at 09.05/34.2.
The fault is oriented N 58 E, 69 S, rake is 50W. The younger on older

juxtaposition across the fault establishes that the fault is normal as do

mesoscale structures. This fault is parallel to the strike of the range front.
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The Guayape fault is clearly the most important fault in the Valle de

Catacamas region. Its appearance in the field, like many strike-slip faults, is not

spectacular, and its trace is not easy to map. The major fault strand does not

appear in outcrop in this region. It can be inferred from several geologic criteria.

By the definition ofthe Guayape fault (Muehlberger, 1976), its principal position

in the area should be along Rio Guayape and Rio Tinto. In fact, the major

difference in geology across the few kilometers of the valley of Rio Guayape

demonstrates that the major fault strand is in this valley. West of the river,

numerous splay faults occur. Several photolinears were mapped in both the

Campantepe volcanic rocks and the Cacaguapa Schist. More importantly, the

contact between the two units is commonly a linear fault trace. Much of the

length ofthe Cacaguapa Schist/terrace contact is also a fault trace. From the Rio

Guayape, the fault continues up the course ofRio Tinto. Quebrada San Calix is

remarkably parallel to Rio Tinto for 12 km from 28.0/29.5 to 34.2/39.8 despite

the low divide that separates it from Rio Tinto. In the vicinity of Las Mesetas

(33/37) unsheared Agua Fria Formation crops out in Rio Tinto and to the west of

Rio Tinto. For these reasons, I consider the principal fault to be along Quebrada

San Calix. The Campantepe volcanic rocks/terrace contact roughly follows this

stream, too. A similar situation exists on the west side of Cerro del Suyate. The

course of Rio Wingle is straight for 8 km from 25.3/35.3 (Santa Maria del Real

map sheet) to 28.6/40.8 (Catacamas map sheet). To the north, the principal zone

of faulting continues from El Coyote (29/40, Catacamas map sheet) to the

northeast along a very prominent linearwhich cuts through the Campantepe

volcanic rocks. Strands of this linear crop out in a quarry at 29.8/40.55,

Catacamas map sheet. Overall, this region is a left-stepping zone ofthe Guayape

fault. This area is shortening because the Campantepe volcanic rocks are folded

about a N 15 E axis and because the elevations rise from the 300 m valley floor

to 625 m. The left-stepping zone in compression supports the dextral shear

interpretation of the Guayape fault. Although this result may seem paradoxical

for an overall extending zone (the Valle de Catacamas), it is merely a local feature

caused by the fault geometry. A similar zone of folding in an extensional basin

occurs in the Confidence Hills of the Death Valley region (Wright and Troxel,
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1984). Northeast of Cerro Quills (36.7/46. 1, San Jose de Rio Tinto map sheet), the

principal strand of the Guayape fault follows the course of the valley of Rio Tinto

and Rio Pataste. Near San Jose de Rio Tinto, the Guayape fault consists of several

faults which occur over a 5 km wide zone. The fault that follows the course of

Quebrada de LosMotos connects with the Boqueron fault to the southwest.

The western part ofthe Valle de Catacamas is well-defined by topographic

linears in the vicinity of Juticalpa. The rocks are well-exposed along the

roadcuts of the paved Carretera de Olancho and several nearby quarries. The

principal segment ofthe Boqueron fault is terminated north ofthe city. A N 15E

topographic linear continues to the south for 7 km. From there, faults with a

strike ofN 45 E continue to the southwest (Kozuch, 1989b). Yet, the N 15 E

linear is aligned with a linear that follows the course of Rio Jalan to the south.

Campantepe volcanic rocks crop out on each side ofthe faults indicating that the

offset is relatively small. All of the volcanic rocks along the roads are highly

faulted and fractured. A quarry was excavated on the trace ofthe Boqueron fault

at 84.9/22.6, Juticalpa map sheet. Only two fault planes were found. Brecciation

is extensive. More coherent faulting was found along the main set of roadcuts

south ofthe valley along the N 15E linear. In this region, faults parallel to the

linear show evidence for both dextral and sinistral slip. Other fault planes have

diverse orientations. Some of these faults have experienced significant

displacement (50-100 m ?) as exhibited by brecciation associated with the fault

(Figure 4.33). The fault slip data set was too heterogeneous to yield a valid stress

tensor (see below). This region is a complex zone of faulting despite its simple

topographic form and the presence of only the youngest bedrock unit.
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Figure 4.33. Faulted and brecciated Campantepe volcanic rocks near the

entrance to the city ofJuticalpa (84.6/21.0, San Francisco de Becerra map sheet).

This side of the valley is defined by a N 15 E linear subparallel to the Guayape
fault. Pictured fault is clearly an important feature, yet is oriented N 64 W.

Fault slip data from these roadcuts is extremely heterogeneous, and no well-

constrained stress orientations were obtained despite the robust data set.

Slickenside lineations indicate that two generations of opposed slip occurred

along this N 15 E linear. Fortunately, this fault also crops out on the opposite
side ofthe road, because pictured outcrop was subsequently removed by
excavation.

Microtectonic data analysis

Mapping ofmajor features was augmented with fault slip data analysis.

These techniques utilize geologic data from fault planes (orientation, slickenside

lineation, and sense of slip) and inverts the data to infer the stress tensor at the

time of faulting. The forward problem uses the Anderson theory of faulting

(Anderson, 1951) to predict where faults will form under a given stress regime. In

isotropic, undeformed rocks the Anderson theory of faulting can be directly

inverted. These conditions are not observed in nature. Thus, inversion

techniques take into consideration that preexisting weaknesses in rocks occur.
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The shear stress on these planes are parallel to the slip directions (Wallace, 1951;

Bott, 1959). Slickenside lineations on fault planes give the slip directions.

Arthaud (1969) used a graphicalmethod to invert the stress tensor. Laterworkers

have used computational methods which take each plane into account. In this

study the technique ofAngelier (1979; 1984) was used. This technique assumes

that preexisting planes ofweakness of all orientations are present. In addition,

new faults may have formed during deformation (Angelier, 1984).

In order to collect a viable data set, faulted outcrop must be available in a

small area and fault planes of diverse orientationsmust be present. In the Valle

de Catacamas region, a sufficient number of fault planes crop out only along

major roads and nearby quarries. In addition, several criteria must be met.

First, the fault surfacesmust have good striations. Second, some evidence for

sense of slip needs to be present. A variety of fault orientations needs to be

present to utilize the technique. Slip on a single plane does not constrain the

stress tensor (Celerier, 1988). In the Valle de Catacamas region, there always

seems to be sufficient variability in fault orientation. The fault planes are

assumed to be representative of the regional faulting. The only reason that faults

were excluded was the lack ofmovement indicators on the fault plane. By using

all ofthe fault planes, the regional stress tensor should be determined.

Accurately determining the sense of slip is critical to microtectonic

analysis. A popular misconception exists amongst many structural geologists

that the sense of slip can be determined based on the "steps" or "chattermarks" on

a fault plane. With these markings, the sense of slip is determined by the path of

least resistance. However, experimental (Paterson, 1958) and field evidence

(Dzulynski and Kotlarczyk, 1965; Tija, 1972; Petit, 1987) show that fault slips

opposed to the smooth direction ofthe fault plane are common, perhaps more

common than sympathetic slip. In this study, the sense of slip was largely

determined with the techniques ofAngelier et al. (1985) as well as those of

Dzulynski and Kotlarczyk (1965) Tija (1972) and Petit (1987).

Wherever slickenside orientations were found, the data were collected, but

sufficiently large data sets for fault slip analysis were only collected at three

locations. Each data set consist of approximately 30 to 40 planes with
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slickenside lineations (Figure 4.34). The data sets may seem small for a

structural geology technique, but they fit the range of 10-100 planes per location

used byAngelier (1979). One location is useful for analyzing the tectonic stress in

the footwall block of the Boqueron fault. The resulting mean principal stress

directions can be used to infer the sense of slip ofthe Guayape fault. The other

two data sets are more complex. Faults in these data sets probably formed in

multiple tectonic episodes.

Excellent outcrop occurs along the Carretera de Olancho north ofPunuare

(Plate I, and eastern area on Plate m). The exposure is more than 1 km long

(from 08.2/33.45 to 08.9/34.3), and the roadcuts are 10m high. The roadwas cut

through an areawhere a fault places Atima Limestone on Honduras Group

(Figure 4.32). The microfault data was collected exclusively from Honduras

Group clastic rocks exposed in the footwall block. These rocks have numerous

inhomogeneities which result in markings on fault planes useful for

determining the sense of slip. Useful criteria in these rocks include gouges left by

pebbles, Reidel shear orientations, asymmetrically filled cavities, and pluck

marks. Sufficient data (Figure 4.34a) were collected at this location to invert the

data for stress orientations (Table 4.1). The direct analytical inversion shows

that nearly all of the data can be fit to a single stress tensor. However, the O value

is low indicating that 02 and G3 are close in magnitude. The low <b value results

from marry faults having similar orientations. Nonetheless, the data show a G3

that is compatible with dextral slip on the Guayape fault. The data also show

that the slip which formed the measured slickenside lineations is due to the same

tectonic stress for nearly all fault planes. It would be fortuitous to derive a data

set frommultiple tectonic episodes and have such a low number (3.7%)

incompatible with the determined stress tensor. This outcrop is the simplest

studied despite the fact that the rocks have experienced multiple tectonic

episodes. Located directly in the footwall of a major normal fault, the recent

activity has probably completely overprinted earlier faults. Reactivated fault

planes have slickenside lineations from the last episode of slip. The least

principal stress determined for the Punuare data set (0*3 = S 33 E) is compatible

with a dextral sense of slip on the Guayape fault.



RESULTS OF FAULT SLIP ANALYSIS

Location n al a2 a3 O % Discordant

Punuare (4.33a) 27 262 64 052 23 147 12 0.008 3.7

Ocote (4.33b) 38 165 01 256 26 072 64 0.1 53

Juticalpa (4.33c) 33 309 05 194 78 040 10 0.1 61

Table 4. 1. These results were obtained from the program ofAngelier (1979).
The data are shown in Figure 4.34. a\, <5*i, 03 are principal stresses, and are given
as trends and plunges. O is the ratio [c2-C3)/[ci-C3). % Discordant refers "percent
with wrong sense of slip" from direct analytical inversion. These are planes that
would have the opposite sense of slip from this stress tensor than the observed

the sense of slip. Stress values are from iterative search.

A new road between the Carretera de Olancho and San Francisco de la Paz

was constructed in 1986. Fault slip data were collected along this road (middle

area shown on Plate in) in 1986 while the outcrop was still fresh. This area is

also in the footwall block of the Boqueron fault, but the traverse was

perpendicular to the fault, not parallel to it, so much data was not collected close

to the Boqueron fault. Data were only collected in the Campantepe volcanic

rocks. The criteria for sense of slip in these rocks are very similar to the criteria

used byAngelier et al. (1985) because they worked with similar rocks.

Asymmetrically filled cavities are particularly common in the Campantepe

volcanic rocks. The distribution of rough facets and polished facets (Angelier et

al., 1985, their Figure 4c) also proved to be a useful criteria. The direct analytical

inversion shows that 53% of this data set is incompatible with the stress tensor

determined. However, geological complications exist in this area. In order to

collect a sufficiently large data set, the data were collected from as much as 3 km

north of the Boqueron fault. At the north end a fault places Valle de Angeles
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Group against the Campantepe volcanic rocks. Thus, this area is not as

geologically simple as the Punuare area, and the inversion is disregarded.

Many faults are exposed in the roadcuts south of Juticalpa (westernmost

area on Plate UJ). These faults also displace the Campantepe volcanic rocks.

Although these faults occur along a N 15 E topographic linear, there is not much

control on the major structural style in this zone. The data set from these

roadcuts (Figure 4.34c) is sufficiently large (38, but 5 planes did not show sense of

slip criteria) to invert for stresses. The direct analytical inversion showed that

61% ofthe planes are discordant. This number is unacceptabty high. An effort

was made to consider sinistral and dextral planes separately, but this did not

yield an acceptable solution, either. This analysis shows that the major

structural features need to be understood prior to microtectonic analysis in order

to separate tectonic phases. Based on the presence of parallel dextral and

sinistral fault planes, I believe that this area has experienced two episodes of

slip. This situation is similar to areas that I have observed along the Guayape

fault zone, where N 30 E fault planes can have either sinistral or dextral slip.

None ofthe areas along the Guayape fault had enough exposed fault planes to

attempt an inversion. The Juticalpa area may also be complicated by N 64 W

fault planes like the one in Figure 4.33.
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Fault slip data from
Punuare locality

N = 27

Fault slip data from
Ocote locality

N-38

Figure 4.34. Fault slip data. Rakes of slickenside lineations are shown

with solid dots for normal faults and open dots for reverse faults, a) Data from

Punuare locality, b) Data from Ocote locality, c) Data from Juticalpa locality, d)

All fault slip data from Valle de Catacamas including 12 planes not included in

(a), (b), or (c).
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All fault slip data from
Valle de Catacamas

N = 110



8530'W

14 30'N 1430'N

8615'W 85 45'W

Figure 4.35. Tectonic map of the Valle de Catacamas. This is based on

geologic mapping of two ofthe seven 10' by 15' quadrangles shown, supplemented
by reconnaissance mapping, aerial photography and topographic map
interpretation. The valley is mostly at about 300-350 m elevation and is usually
flat. View of Fig 5.3 is shown by 5.3 and arrow. Fault slip data were collected at a,
(Figure 4.34a) and b (Figure 4.34b). Elevations of peaks inmeters are shown. The
Boqueron fault, BF is the major range bounding normal fault. Major towns in
the Valle de Catacamas are Catacamas, C, and Juticalpa, J.

The evidence for normal faulting and its significance for tectonic

interpretation ofthe Valle de Catacamas are summarized in Figure 4.35. The

Boqueron fault can be seen at all scales between that ofthe SIR image (Figure 5.2)

and the outcrop scale (Figure 4.32). The fault has well-developed triangular facets

along its length (Figure 5.3). The fault slip data collected in the footwall block

give a least principal stress (03) of 147. The orientation of the Boqueron fault

and the Guayape fault indicate that the basin is a releasing junction dextral fault

wedge basin (Christie-Blick and Biddle, 1985; their Figure 12b). The morphology

ofthe fault scarps suggests that the faulting is active, but fault scarps have not yet

beenmapped in Quaternary deposits. The Guayape fault cuts all bedrock

formations regardless of age, but no young bedrock crops out in the Valle de
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Catacamas region. Nonetheless, the fresh fault scarps could only be preserved in

a tropical, high rainfall region by active tectonism.

RELATIONS BETWEEN STRUCTURAL BLOCKS

The goal of studying the stratigraphy and structure of the Valle de

Catacamas region has been to develop an understanding ofthe tectonic style.

This is shown here by generalized geologic cross sections (Figure 4.36).

Cross sectionA-A' connects terrains I (Sierra de Agalta) and n (south side of

the valley). Basement rocks are exposed on the south side of the valley, butmost

ofthe Mesozoic sedimentary section is not present south ofthe valley. Section D-

D' (modified from Kozuch, 1989b) extends the connection across a major thrust

fault. The thrust places the Cacaguapa Schist on the Jurassic Agua Fria

Formation. The Agua Fria Formation commonly dips towards the thrust in a

homocline, indicating that it is thick in this region. It is not present at all in the

Sierra de Agalta, less than 20 km to the north. The youngerMesozoic

sedimentary units are present in the Sierra de Agalta, where they are more

highly deformed than comparable rocks in central Honduras. The structure

shown in the Sierra de Agalta may be oversimplified. The open folding is all that

is required by the limited number of bedding dips. The thin stratigraphy suggests

that much of the deformation is controlled by basement faults. To explain the

lack ofAtima Limestone on the south side ofthe valley, thrust faults are shown

in the middle of the valley. The cleavage indicates that the folding is northward

verging, so northward verging thrust faults may have placed the Cacaguapa

Schist on the Mesozoic rocks. This vergence is also shown on C-C. The thrust

fault interpretation is not unique; a buried strike-slip fault could also create

these features. Amajor structural dislocation must be present in the valley to

explain the lack ofAtima Limestone south ofthe valley and the lack ofAgua Fria

Formation north of the valley. The thrust fault interpretation is consistent with

the folding north of the valley and the major thrust south of the valley. North of

the Boqueron fault on section A-A*, a major normal fault dips to the north and

places Atima Limestone on Honduras Group. These north-dipping normal faults

are common along the range front; another one is shown on Figure 4.7. They do



not have a noticeable topographic expression suggesting that theymay be old

faults. On the SantaMaria del Realmap sheet, they have beenmapped

subparallel to the Boqueron fault. The role of these faults in the tectonic

evolution is uncertain inasmuch as the timing of this faulting is unknown. The

last event to affect the region between the north and the south sides ofthe valley

was the normal faulting associated with the opening of the basin. This event

placed younger rocks on older rocks on A-A' where it has been observed in the

field and C-C where it is inferred based on outcrops in the valley. It also resulted

in the northward dip ofthe Campantepe volcanic rocks (Tcv).

Sections B-B' and C-C connect the west and east sides ofthe Guayape fault.

Section B-B' shows the change in the geology from the middle ofthe valley (not

terrain n in the strict sense) to the east side ofthe Guayape fault. The two bedding

orientations shown in the sedimentary Agua Fria Formation (B-B') are actual

data points, but Figure 4.20 shows that the bedding ismuch more complicated.

The structural form ofB-B' as well as C-C is based on the stratigraphic model

developed from the Rio Patuca region (Figure 4.2). In other words, the volcanic

rocks are shown overlying the clastic rocks. The Agua Fria Formation does not

occur on the west side of the Guayape fault in this region. Campantepe volcanic

rocks and Cacaguapa Schist are faulted against each other. The volcanic rocks

have also been shown to overlie the basement rocks in this region. The rocks on

Cerro Campantepe dip steeply towards the range, but the oblique line ofthe cross

section results in a very low apparent dip. The uniform dip ofthe volcanic rocks

indicates that they constitute a thick section. The Guayape fault zone is more

complex in the region ofC-C. Several splays cross the area and are stepping to

the left. Left-steps in a dextral system results in the open folding observed in the

Campantepe volcanic rocks. The contact between the Campantepe volcanic

rocks and the Cretaceous sedimentary rocks occurs northwest ofCerro del Suyate

because Cretaceous rocks crop out in some isolated hills in the valley. This

contact is likely a principal strand of the Guayape fault.
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Plate n for location. None of the scales are the same. All sections were initially
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181

/

w

CO

o

o

E

o
>

9

E

o co
o o o
o CO o ^

CM* ^ CD
o co 1 JZ

b L_. 1 1
o

3
N

o

it:

o

CO

id

o

CM

OB



182

SUMMARY OF TECTONO-STRATTGRAPHIC EVENTS

IN THE VALLE DE CATACAMAS REGION

As has been discussed throughout this chapter, several phases of tectonic

activity have occurred in the Valle de Catacamas region. The most obvious

folding of the foliations (F2) is northeast-trending. Post-basement tectonic

activity includes rifting and basin formation as well as folding and thrust

faulting. Some of these events are inferred from clues provided by stratigraphic

variations or changes in structural styles. Other events are well-documented

from field mapping, yet may only represent one non-unique interpretation.

Based on the mapping completed to date, interpretation of the data has led to this

tectono-stratigraphic framework, but future mapping will probably modify the

understanding of the region. The principal post-basement tectono-stratigraphic

events are discussed below in sequential order. The geology east ofthe Guayape

fault is too poorly understood at this time to include in much of the discussion.

The widespread distribution of the Agua Fria Formation along and east of the

fault is the principal geologic significance of this terrain.

1) The Agua Fria Formation was deposited in a distinct basin limited in

areal extent. The northwestern edge ofthe basin (Figure 2.3) occurs near the

current axis ofthe Valle de Catacamas. No Agua Fria Formation is exposed

between the basement rocks and the Cretaceous section in the Sierra deAgalta

whereas a thick section is exposed south ofthe valley. Although thrust faulting

has brought the terrains in closer proximity, the difference from a stratigraphic

thickness of 0 to perhaps 2000 m cannot be explained by this mechanism alone.

A Middle Jurassic normal fault likely forms the basin margin, although no

direct evidence for it has been found. Evidence for this fault or fault system is

entirely inferred from the stratigraphic variations between the two terrains.

2) The unnamed siliciclastic member ofthe Honduras Group was deposited

in a different basin or series ofbasins and at a later time than the Agua Fria

Formation. These basins formed in basement terrains, not in regions ofAgua

Fria Formation outcrop. The thin Cretaceous stratigraphy exposed in the Sierra

de Agalta demonstrates that the basinwas not a major tectonic feature. The

coarse-grained nature of the formation and thickness variations in the Sierra de
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Agalta suggests that basins may have been fault controlled, albeit with relatively

small offsets. The age of unnamed siliciclastic member is unknown in the Sierra

de Agalta. Early Cretaceous palynomorphs have been found in similar rocks in

central Honduras (Emmet, 1983; Gose and Finch, 1987). The unnamed

siliciclastic member is overlain by a shaly limestone unit whose age is also

unknown in the Sierra de Agalta. A similar formation exposed near San

Juancito has been dated as Valanginian. The available data, though uncertain,

suggests that the Sierra de Agalta Honduras Group rocks were deposited in a

basin during the Valanginian and earlier, but not Jurassic.

3) The Sierra de Agalta Honduras Group experienced a phase of deformation

prior to the deposition of the Atima Limestone because the folding and faulting of

the Honduras Group rocks is more complex than the folding of the Atima

Limestone. This could be due to lithologic contrast between the two units.

However, much of the unnamed siliciclastic member is quartz-cemented

sandstone or very well-lithified conglomerate. It probably deformed as a

competent unit. Outcrops ofHonduras Group andAtima Limestone that are in

close proximity commonly have remarkably different bedding orientations.

These can be readily explained by an angular unconformity between the two

units, but cannot as easily be explained as a difference in behavior during

deformation. The deformation event need not have been a major orogeny or even

a folding event. The Honduras Group rocks could have been tilted during the

final stage of rift basin formation. Later deformation resulted in a more complex

distribution of bedding orientations than the overlying Atima Limestone. This

event is only inferred from map relations because no outcrop was found inwhich

the contact between the two units is exposed.

4) Deposition of the Atima Limestone represents a period of subsidence.

The Atima Limestone has a greater thickness in the same regions where

relatively thick Honduras Group sections are exposed. Deposition of the Atima

Limestone in the Sierra de Agalta occurred from the Aptlan to the upperAlbian

in shallow water as documented by the paleontological data. Although global sea

levels rose at this time, subsidence is inferred because the rise in sea level is less

than the thickness of the Atima Limestone.
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5) The Valle deAngeles Group redbeds suggest a very different

sedimentological and tectonic environment than the underlying Atima

Limestone. In the Sierra de Agalta, this transition was abrupt with conglomerate

being deposited directly on Atima Limestone. The sedimentological style may

imply tectonic activity, but this activity would be highly inferred. The limestone

may have been exposed by faulting, and the conglomerates may represent

syntectonic deposits. The style of faulting for this event is uncertain. No faults

active during deposition of the Valle deAngeles Group have been mapped. In

conclusion, this event is not documented, only inferred based on the

sedimentology ofthe Valle de Angeles Group.

6) Folding and thrust faulting in regions I and n is well-documented from

geologic mapping. Certain aspects of this event are not well-constrained such as

the timing of deformation and whether all convergent structures are related to

the same phase of deformation. The most prominent older structure within the

region is the thrust fault on the south side ofthe valley that was mapped by

Kozuch (1989b). This fault places Cacaguapa Schist on Jurassic Agua Fria

Formation. The timing of this event (not discussed by Kozuch, 1989a) is not well-

constrained because younger rock units are not involved. Valle de Angeles Group

crops out above the basement rocks in this area. It is relatively flat lying,

suggesting that the thrust faulting was pre-Valle deAngeles Group. The outcrop

relations in the area are not well enough exposed to establish whether the thrust

faulting was pre-Valle de Angeles Group or post-Valle deAngeles Group. If the

deformation was pre-Valle deAngeles Group, the thrust faulting occurred before

the deformation in the Sierra de Agalta in which the Valle de Angeles Group was

included. If the deformation occurred after deposition of the Valle de Angeles

Group, the deformation on the south side ofthe valley could be synchronous with

the deformation in the Sierra de Agalta. This timing is preferred because it

would be a simpler sequence of events. In this case, the Cacaguapa Schist/Agua

Fria Formation thrust fault could be a major backthrust to the northward

vergent thrusts of the Sierra de Agalta. However, a strong possibility exists that

the simpler sequence is incompatible with the field evidence, because no evidence

for thrusting ofthe Valle de Angeles Group south of the valley is present.
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The Sierra de Agalta stratigraphy is folded and probably cut by thrust or

reverse faults. The Atima Limestone is strongly cleaved especially in the area

near the range front. If the cleavage is axial planar, the folding is northward

verging. Yet, the majormonocline in the mountains is southward facing. These

observations are well-documented. Another observation that cannot be ignored

is the stratigraphic difference between terrains I and n. The Atima Limestone is

not exposed south of the valley and the Agua Fria Formation is not exposed in the

Sierra de Agalta. To explain the presence ofCacaguapa Schist immediately south

of the valley, a buried thrust fault is shown in the axis of the valley. This fault is

highly speculative, but amajor discontinuitymust be present to explain the

differences between the two sides ofthe valley. Including all ofthe speculations

into a unifying model, I propose that the south side ofthe valley is a major thrust

plate that was emplaced on the north side of the valley. The thrust fault that

places Cacaguapa Schist onAgua Fria Formation is a major backthrust to this

system. The southern front ofthe Sierra de Agalta is a fold and thrust (?) belt.

Cleavage developed in this zone because it was proximal to the major thrust

placing basement on the Mesozoic stratigraphy. North of the major monocline

front is the relatively undisturbed foreland. This region is relatively

undisturbed because it is a stable buttress. The Honduras Group and the Atima

Limestone are significantly thinner here suggesting that the basement is more

stable. The timing of folding in the Sierra de Agalta is only constrained as being

post-Cenomanian-Turonian.

The ultimate tectonic cause of the deformation in the Sierra de Agalta is

unclear. Mesozoic rocks throughout Honduras are commonly folded. The cause

of the deformation in central Honduras is considered to be the collision between

the Chortis and Maya blocks in the latest Cretaceous (e.g., Gose, 1985a). This

deformation could have also affected the Sierra de Agalta region. It would not fit

the structural model presented above because the fold belt should be southward

vergent. It would also not explain why the deformation is more intense in the

Sierra de Agalta than in central Honduras. Lacking other information, the

Sierra de Agalta deformation is considered to be part of a regional tectonic event

that most likely occurred in the Late Cretaceous.
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Figure 4.37. Plate reconstruction at the time of the earliest opening of the

Cayman Trough. This reconstructionwas made on the Evans and Sutherland

computer terminal which rotates the blocks on a spherical surface. Christoph
Heubeck operated the Evans and Sutherland for this and other reconstructions.

Initiation of spreading in the Cayman Trough is from Rosencrantz et al. (1988).

Abbreviations: GF, Guayape fault; JF, Jocotan fault; MAT, Middle America

Trench; MF, Motagua fault; OF, Oriente fault; PF, Polochic fault, and SIF, Swan

Islands fault.

7) Evidence currently available show that the Guayape fault experienced an

early sinistral phase. The folds in the Sierra de Agalta are deflected in sinistral

shear (Figure 5.2) and the distribution ofAgua Fria Formation shows a major

left-lateral separation. The folds could have formed prior to the deflection by

sinistral shear on the Guayape fault. The timing of the folding, the deflection of

folds in the Sierra de Agalta, and the separation of the Agua Fria Formation is

not tightly constrained with the available field evidence. Based on the regional

tectonic evolution of the northwestern Caribbean region, a likely time for

sinistral shear along the Guayape fault system is during the early opening ofthe



187

Cayman Trough (Gordon, 1987b). The Chortis block rotated by 32 in

counterclockwise manner during the Tertiary (Gose, 1985a). Prior to this

rotation the Guayape fault had a position parallel to the Swan 'sland fault

(Figure 4.37). The Guayape fault may have accommodated a major portion ofthe

sinistral plate motion during the early opening of the Cayman Trough. As it and

the Chortis block rotated, it ceased to have an orientation that efficiently

accommodated the plate motion. It would have then ceased to be an active fault.

Later, it has been reactivated as a Neogene dextral fault.

8) Normal faulting is the most recent phase of deformation that has

affected the Valle de Catacamas region. Two types ofmajor normal faults are

present along the range front of the Sierra de Agalta. North-dipping normal

faults have beenmapped and are shown on cross sections (Figure 4.7; Figure 4.36,

A-A'). These faults do not have a visible trace on topography. They commonly

place Atima Limestone on Honduras Group. The mapping establishes that some

of them are low-angle. Their appearance in the cross sections suggests that they

might be reactivated reverse faults. The timing of these faults is unknown. Their

occurrence in the footwall block of the Boqueron fault suggests that they have

been cut by the recent faulting. Although little is known about the north dipping

normal faults, their position is well-established from the mapping.

The Boqueron fault is the major range-bounding normal fault of the Sierra

de Agalta. As much as 2 km of topographic relief is associated with the fault.

Where observed, the fault always places younger rocks on older rocks. Its

northeastern extension curves into the Guayape fault suggesting that the

Boqueron fault is a splay fault ofthe Guayape fault. The geometrical

relationship between these two faults implies dextral slip on the Guayape fault.

The Boqueron fault is the best documented tectonic feature in the Valle de

Catacamas region. Its bearing on the dextral slip interpretation for the Guayape

fault is discussed in more detail in Chapter 5.



CHAPTER 5

NEOGENE DEXTRAL SLIP PROPOSED FOR GUAYAPE FAULT OF

HONDURAS BASED ON BASIN GEOMETRY

ABSTRACT

The morphology of basins forming along the Guayape fault suggests a

dextral sense of slip for the fault. Two basins are forming along splay faults

associated with the Guayape fault. These are normal faults which have a strike

of approximately N 65 E as opposed to the N 35 E strike of the Guayape fault.

Their orientation suggests that they are forming in a stress regime associated

with a dextral slip fault. This interpretation is supported by detailed geologic

data from one of these basins, the Valle de Catacamas. Two other basins are

forming at right steps between principal fault segments which implies that they

are pull-apart basins. The extensional nature of these basins and the right step

ofthe master faults imply that the Guayape fault is dextral. Thus, the

neotectonic motion along the Guayape fault is dextral. The dextral sense of slip

for the Guayape fault is unexpected because the fault is at a low angle to the North

America/Caribbean plate boundary which has experienced approximately

1 100 km of sinistral slip since the Eocene. However, evidence for an earlier

sinistral episode of slip exists. The change in sense of slip may have occurred due

to the rotation of Central America around Yucatan.

INTRODUCTION

The Guayape fault ofHonduras was recognized as amajor regional tectonic

element by Elvir (1974) and Muehlberger and Ritchie (1975). These workers

recognized that the alignment of five major rivers probably indicated a major

fault zone (Figure 5.1). Though they only had an inaccurate small scale map of

the region, recently published 1:50,000, accurate topographic maps demonstrate

that the stream alignment is real and coincides with topographic scarps. Since

the fault has been recognized, several workers have discussed its significance.

188
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Figure 5. 1. Tectonic setting of Northern Central America. Aminimum of

1 100 km of left-lateral offset has occurred along the North American-Caribbean

plate boundary but has not been documented in CentralAmerica. Three major
fault zones are well-known: the Polochic (PF), Motagua (MF) and Jocotan-

Chamelecon (JF) faults. The Aguan fault (AF) is less known. South of the plate

boundary a series of north-trending grabens are active. East ofthe Honduras

depression (HD), a distinctly different tectonic style is present. Other features

labelled are the Nicaragua Depression (ND), the Swan Islands fault, SIF, and the

Choluteca linear, CL. Basins along the Guayape fault (area in rectangle) are
labeled as follows: S, valley of Rio Sico; C, Valle de Catacamas; A, Valle de

Azacualpa, and J, Valle de Jamastran.
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Curran (1980) proposed that it was a neotectonic normal fault. Emmet (1983)

proposed that the Guayape fault was a left-lateral conjugate shear to the right-

lateralMontana de Comayagua structural belt during "Laramide" time. Emmet

(1986) proposed that this region of Honduras was dominated by sinistral wrench

faults, but did not specify the time of faulting. Burkart and Self (1985) proposed

that the Guayape fault is left-lateral based on offset topography. Manton (1987)

shows the Guayape fault as an active sinistral zone and reiterated Emmet's

proposal for northeast striking strike-slip faults in the region. These workers

relied solely on the general location of the fault to constrain their

interpretations inasmuch as little geologic information had been available from

this region. Ritchie and Finch (1984) made a field reconnaissance study along

the fault and showed that rocks as young as Miocene are faulted. They also

proposed the matching ofmajor rivers to indicate sinistral motion of 50-55 km.

When these authors proposed sinistral slip for the Guayape fault, no

detailed geologic data was available from the Guayape fault region. My fieldwork

in the Valle de Catacamas region and reconnaissance studies of other active

basins along the fault demonstrates that present-daymotion along the fault

must be dextral (Gordon, 1987a). This paper furnishes the data to support that

interpretation and to review evidence that the fault most likely had an earlier,

larger episode of sinistral motion.

IDENTIFICATION OF THE FAULT

The Guayape fault was recognized because ofthe alignment of five major

rivers. No other drainage alignment of similar length is present elsewhere in

Honduras (cf. Figure 1 ofManton, 1987). The interpretation ofthe drainage

pattern as a major fault (Elvir, 1974) has now been corroborated by fieldwork.

Numerous N 30 E fault planes are exposed in quarries and other limited

outcrops along this trend. These fault planes are commonly steeply dipping and

have horizontal slickenside striations.

The fault has been followed from the Caribbean coast ofHonduras to the

Valle de Jamastran region (Ritchie and Finch, 1984). Clearly the fault continues

offshore into the Caribbean (Ritchie and Finch, 1989) and may continue to the
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Swan Islands fault, though it has not yet beenmapped. South of the Valle de

Jamastran the Choluteca linear has the same strike as the Guayape fault and is

approximately on the same trend. Furthermore, northeast striking, vertical

disruptions have been reported from industry seismic reflection lines in the Gulf

of Fonseca. However, no public data is available presently to show that the

Guayape fault is a continuous feature from the Middle America Trench to the

Swan Islands fault.

The Mesozoic stratigraphy of central Honduras consists of clastic rocks

overlain by the Aptian-Albian Yojoa Group (mostly Atima Limestone) which is

in turn overlain by Albian-Campanian (?) Valle de Angeles Group (mostly

redbeds) (Finch, 1981). The Jurassic ageAgua Fria Formation has also been

documented, but it has not been found in stratigraphic continuitywith the

overlying units. The Guayape fault separates geologically distinct regions. For

example, in the Valle de Catacamas region, the typical stratigraphic succession

of central Honduras which overlies basement without Agua Fria Formation is

found on the west side ofthe Guayape fault whereas on the east side ofthe fault

only the Jurassic Agua Fria Formation is exposed. The lack of geologic

continuity across the Guayape fault suggests a large (tens of kilometers) lateral

offset.

BASIN GEOMETRY

Clearly a major goal of studying the Guayape fault is to evaluate its sense

and magnitude of slip. As yet, no piercing points used to determine the sense of

slip on strike-slip faults have been found. However, several basins are actively

forming along the fault. The Valle de Catacamas is the largest of these and is

where my field studies were concentrated. I have also analyzed topographic and

remote imagery data, and have done reconnaissance geologic field studies along

the accessible portions of the fault. The basin shapes and faulted boundaries

suggest right-slip for their formation.
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Valle de Catacamas

The Valle de Catacamas is a highly asymmetric extensional basin. The

valleywas first recognized as such by Mills and others (1967) (their "Olancho

Valley") who called it a "graben" and a block faulted valley. The valley has

formed under extension, but I propose that it is the result of strike-slip along the

Guayape fault. The north side ofthe valley is bounded by amajor topographic

scarp (Figure 5.2, Figure 5.3) while the south side is bounded by less abrupt

topography and is not as elevated. The N 65 E fault along the north side ofthe

valley (herein called the Boqueron fault) makes a 30 angle with the Guayape

fault which has a strike of N 35 E in this region.

The field data demonstrate that the Boqueron fault is a major normal fault

as shown by well exposed triangular facets (Figure 5.3), and it consistently

juxtaposes younger rocks against older rocks. Valle deAngeles Group is

commonly placed against the pre-Aptian Honduras Group in the vicinity of

Catacamas. Thus, the Aptian-Albian Yojoa Group is eliminated across the fault

(see Finch, 1981, for stratigraphy). Furthermore, analysis of slickenside

lineations on small fault planes shows a dominance of normal faulting. The

fault-slip inversion technique ofAngelier (1979) gives a value of N 50 W, 04 for

the least principal stress from fault planes exposed in the footwall of the

Boqueron fault (Figure 4.33a,b). This value is consistent with dextral slip on the

Guayape fault.

Regional tilt of the Sierra de Agalta causes elevations of the range to

decrease and progressively younger units to be exposed at the base ofthe range.

Elevations in the footwall block of the Boqueron fault are highest in the east,

near the intersection with the Guayape fault and decrease to the west. Likewise,

deeper structural levels are encountered in the footwall block on the east side of

the valley than on the west side. These patterns indicate that the displacement

on the Boqueron fault decreases with distance from the Guayape fault. This

change suggests that the Boqueron fault has a causal relationship to the Guayape

fault.
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Figure 5.3. View of Sierra deAgalta from Valle de Catacamas. The range
rises abruptly from the valley floor (-350 m) to the highest point (2354 m).

Triangular facets indicative of normal faulting are exposed in the range front.

Fieldwork in the Valle de Catacamas demonstrates that the Boqueron fault

is a splay fault associated with the Guayape fault and that the Boqueron fault has

experienced normal slip. Butwhat type ofbasin is the Valle de Catacamas?

Furthermore, how does the origin of the valley bear on the development ofthe

Guayape fault? The term "pull-apart basin" should be reserved for extensional

basins which are forming between a step in the strike-slip fault (Mann et al.,

1983). This is consistent with the original definition ofthe term (Burchfiel and

Stewart, 1966), and the usage ofCrowell (1974). Other terms (e.g., Quennell, 1958)

were used to describe pull-apart basins prior to Burchfiel and Stewart (1966), but

most current workers use pull-apart basin as a genetic term describing extension

in a step along a strike-slip fault (e.g., papers in Biddle and Christie-Blick, 1985).

The Valle de Catacamas has a form very reminiscent of the releasing junction

strike-slip basin of Christie-Blick and Biddle (1985; their Figure 12) or the fault
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wedge or fault flank type basins ofMann and others (1990; their Figure 3). Based

on the orientation of the Boqueron normal fault with respect to the principal

strand of the Guayape fault, the Vf>ile de Catacamas is forming as an extensional,

releasing junction basin along a dextral fault (the Guayape fault).

Valley ofRio Sico

The valley ofRio Sico lies just south ofthe Caribbean coast (Figure 5.1,

Figure 5.4a). The northwest edge of the valley is formed by a linear scarp with a

strike of N 25 E. Presumably, this scarp is dominantly a strike-slip feature

because it is continuous with the linear scarps to the south with the same strike.

Asmuch as 1000 m of topographic relief across this scarp occurs. The scarp and

the valley make a sharp turn to N 45 E in the middle of the valley. Peaks

continue to rise sharply northwest of this scarp. This scarp makes a right-step to

a less well-defined scarp on the southeast side of the valley with an orientation of

N 60 E (Figure 5.4a). Overall the valley has a typical "lazy z" form, characteristic

of pull-apart basins forming along dextral strike-slip faults (Mann and others,

1983).

Valle deAzacualpa

The Valle de Azacualpa occurs south ofthe Valle de Catacamas (Figure 5. 1,

Figure 5.4b). Between the Valle de Catacamas and the Valle deAzacualpa, the

Guayape fault strikes N 40 E and continues in a straight line to the south. At the

Valle de Azacualpa, the scarp on the west side ofthe river valley diverges to

another scarp which defines the northern edge ofthe Valle deAzacualpa. The

geometric relationship between this fault and the Guayape fault is similar to the

one between the Boqueron fault and the Guayape fault. The fault on the north

edge ofthe Valle de Azacualpa strikes N 65 E, and 1000 m of topographic relief is

associated with it. Southwest of the valley, several linears are parallel to the

Guayape fault (Figure 5.4b). Thus, the Valle deAzacualpa has a form similar to a

lazy z, dextral pull-apart basin. However, its general shape is more compatible

with it being a fault wedge or fault flank basin like the Valle de Catacamas.
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Figure 5.4. Geometric relationship between the Guayape fault and basins.
The valley of Rio Sico and the Valle de Jamastran are pull-apart basins, and the
Valle de Azacualpa is a fault wedge basin. All suggest dextral slip on the Guayape
fault. Shaded area is floor of each valley. Heavy lines are faults; light lines are
unfaulted basin margins.
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Valle de Jamastrdn

The Guayape fault continues in a straight line to the Valle de Jamastran

(Figure 5.1, Figure 5.4c). The Valle de Jamastran is approximately square (11 km

by 13 km) with the Guayape fault defining the southeast side ofthe valley. The

valley floor is nearly flat at an elevation of 450 m with the surrounding

mountains abruptly rising behind linear scarps, to elevations over 1000 m on

the northwest side ofthe valley and to about 900m on the other sides. The

northwest and southeast sides ofthe valley are the best defined scarps, N 45 E

and N 40 E, respectively. Redbeds ofthe Cretaceous Valle de Angeles Group in

the valley are faulted against Jurassic Agua Fria Formation which crops out in

the mountains. Thus, the valley most likely has an extensional origin.

Two linears make a five kilometer right-step at the Valle de Jamastran.

Thus, part of the valleymay be forming as a pull-apart basin. However, this five

kilometer step does not explain the 1 1 km width of the valley as measured

orthogonal to the fault. In the early stages of field work, the Guayape fault was

thought to be continuous with the Choluteca linear (Ritchie and Finch, 1984).

Thus, Gordon (1987a) suggested that the Guayape fault including the Choluteca

linear made a large right-step at the Valle de Jamastranwhich would account for

extension in this region. After further study and more fieldwork, it appears that

the Guayape fault does not connect directly with the Choluteca linear (see below).

However, the main strand ofthe Guayape faultmakes a right-step at the Valle de

Jamastran which is experiencing extension. This behavior still supports a

dextral sense of slip for the Guayape fault.

CHOLUTECA LINEAR

The Choluteca linear (Figure 5.1) forms a well defined topographic scarp for

25 km northeast of Ciudad Choluteca with a strike of N 30 E. Detailed geologic

mapping has not been done in this area, but reconnaissance work shows that

Neogene volcanic rocks crop out in the vicinity. Thus, this linear is a young

feature. The region south of Choluteca City to the Gulf ofFonseca is of low

topographic relief; no linears would be obvious. North of the Choluteca linear no

continuation to the main segment of the Guayape fault is readily apparent on the
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1:50,000 topographic maps. Extrapolation of this trend would require a major

right-step if the linear is interacting with the Guayape fault as previously

proposed (Gordon, 1987a). Because this region is experiencing extension, it would

be consistent with dextral slip on the Guayape fault. Though the linear is not

expressed topographically, it may be present but relatively hidden by the young

volcanic cover whereas the Guayape fault proper cuts through significantly older

rocks.

SUMMARY OF EVIDENCE FOR DEXTRAL SLIP

From the Caribbean coast to the Valle de Jamastran region, the basins

forming along the Guayape fault exhibit geometric characteristics compatible

with dextral slip but incompatible with sinistral slip. The valley of Rio Sico has

the morphology of a lazy z pull-apart basin found on dextral strike-slip faults.

Normal fault orientations in the Valle de Catacamas and Valle de Azacualpa are

consistent with dextral slip and inconsistent with sinistral slip. Though the

Valle de Jamastran region is not as simple as the preliminary study implied, the

orientation of local normal faults and the gross structure of the region suggest

formation as a dextral pull-apart basin. The amount of slip is unknown, but to

form these basins it need be only a few kilometers.

EVIDENCE FOR EARLY SINISTRAL SLIP

Although the neotectonic features in eastern Honduras indicate a dextral

sense of slip for the Guayape fault, several geologic features suggest an earlier

phase of sinistral motion. First, in the Valle de Catacamas region, the east-

southeast trending folds of the Sierra de Agalta appear to be deflected to the east-

northeast as seen on the SIR image (Figure 5.2). The bend (concave to the north),

is consistent with an interpretation of drag in sinistral shear. Secondly, the

mapped distribution of the Agua Fria Formation on either side of the fault has a

left-lateral separation of at least 80 km. Though slickenside planes are common

in quarries and roadcuts along the fault zone, many of the horizontal slickenside

lineations show sinistral slip. In fact, the only consistent data obtained to date

is along the Boqueron fault; other slickenside lineation data is too heterogeneous
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to derive a successful inversion for principal stress directions. None of these

features requires that the sinistral slip be neotectonic. Thus, I feel that the data

is compatible with the Guayape fault being a reactivated fault with an opposite

sense of slip to its previous history.

DISCUSSION

The dextral sense of slip for the Guayape fault would not have been

predicted from the regional tectonic style because the Caribbean/North America

plate boundary is a zone of sinistral faulting. The 1 100 km length of the Cayman

Trough requires the same amount of sinistral strike-slip faulting to form it. The

trough has been forming since the Eocene (Rosencrantz and others, 1988).

To date, this amount of strike-slip motion has not been documented in

Central America. Three major plate boundary faults have previously been

recognized (from north to south): the Polochic fault, the Motagua fault, and the

Jocotan-Chamelecon fault (Figure 5. 1). Seventeen pairs of geologic features

offset 130 km have beenmatched across the Polochic fault (Burkart and others,

1987). All of this motion has occurred since 10 Ma. However, no estimate for the

total slip from the other faults has yet been determined. The Motagua fault is

active and has a slip rate between 1.5 mma"1 and 6 mma"1 (Schwartz and others,

1979). Its offset could be large because it is parallel to aMaastrichtlan suture

zone (Schwartz and others, 1979). The Jocotan fault was active between the upper

and lower Padre Miguel volcanic units (demons, 1966). Precise dates of these

units are not known for this region, but this bracketing indicates a Miocene age

for the faulting.

Recognizing that the major plate motion could not be accommodated on a

single strike-slip fault, Muehlberger and Ritchie (1975) suggested that the

onshore plate boundarywas distributed across a broad zone. It is clear that the

Jocotan and Guayape faults are not presently contributing to a broad shear zone.

However, they may have contributed to the plate motion during an earlier period.

When the Cayman Trough is closed (approximately at 50 Ma, Rosencrantz and

others, 1988), the Chortis block ismuch furtherwest relative to Yucatan than at

present. Furthermore, the Chortis block has experienced a 30 counterclockwise



rotation during the Tertiary (Gose, 1985a). At Anomaly 21 time, the three

previously recognized plate boundary faults were neither in an appropriate

position or orientation to serve as plate boundary faults (see Ross and Scotese,

1988, their Figure 1 1). In fact, these authors did not use the mapped strike-slip

faults in Central America to make their reconstructions, presumably because it

is more difficult to use them for rigid block reconstructions. The Guayape fault

was aligned with the Cayman Trough, and prior to the 30 rotation with respect

to NorthAmerica that it has experienced since 60 Ma (Gose, 1985a), it had

approximately the same orientation as the Oriente fault zone. Thus, early in the

history ofthe Cayman Trough, the Guayape fault would have been a suitable fault

in CentralAmerica to participate in the plate motion (Gordon, 1987b). If it had

been part of the plate boundary earlier in its history the features indicating

sinistral shear could have formed at this time. As the Chortis blockwas

translated and rotated aroundYucatan, the Guayape fault would have become

less efficient at accommodating plate motion, and slip would have transferred to

the other plate boundary faults.

The counterclockwise rotation of the Chortis block is still continuing as it

moves east relative to the North American plate. The Guayape fault may be

serving as the boundary between the western part of Central America that is

rotating around the Yucatan Peninsula and the rest that is tied to the semi-rigid

Caribbean Plate.

Dextral faulting in an overall sinistral zone is a paradoxical result and was

unanticipated. A similar situation has been reported for the Anegada Passage

(Virgin Islands) by Jany and others (1987). These workers also report strike-slip

basins forming due to dextral faulting. The fault in the Anegada Passage is also

at a low-angle to the sinistral Caribbean-North America plate boundary.

Although they are unexpected features, faults with opposed sense of slip can occur

in complicated plate boundary zones. Proposed senses of slip need to be based on

observations without making assumptions based on regional tectonics.
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CONCLUSIONS

1) Study of the geometry of actively forming basins along the Guayape fault

demonstrates that the sense of slip along the fault *s dextral. My conclusions rest

primarily on the geologic mapping of the Valle de Catacamas. In this basin, a

major normal fault, the Boqueron fault has formed as a splay fault to the

Guayape fault. Mapping ofthe Valle de Catacamas shows that it is a fault wedge

basin forming as a result of dextral slip. Further documentation of dextral slip is

exhibited by reconnaissance studies and the topographic interpretation of three

other basins. One of these is another fault wedge basin; the other two are pull-

apart basins with right steps indicating that they are forming due to dextral

shear.

2) Further analysis shows that the Guayape fault experienced an early stage

of sinistral slip. Amajor contact shows a large left-lateral separation across the

fault. Furthermore, a SIR image shows that folds near the fault have been

deflected in sinistral shear. Although this deformation is only dated as post-

Cenomanian, I favor the early Tertiary.



CHAPTER 6

STRUCTURAL FEATURES ASSOCIATED WITH THE MOST RECENT EPISODE

OF SLIP ON THE GUAYAPE FAULT

INTRODUCTION

Strike-slip faults are typically difficult to observe, because two blocks

sliding past each other do not necessarily create vertical uplift to expose the fault

planes. Strike-slip faults also concentrate drainage causing the rapid erosion of

bedrock in the fault zone. The fault zone is commonly covered by young alluvium

further obscuring its structure. These characteristics certainly hold true for the

Guayape fault. Alongmuch of its length, it cannot be traced in outcrop. However

several lines of evidence supporting its origin as a strike-slip fault can be

documented. During the course ofmy fieldwork, I have visited asmany places

along the fault as possible. Reconnaissance studies along the fault are presented

in this chapter. Some sites reported here need to be studied inmore detail.

Perhaps more importantly, many more sites remain to be documented. More

detailed reconnaissance studies along the fault have been done (Ritchie and

Finch, 1984; 1989; Finch and Ritchie, submitted). New data is reported in this

chapter, and my view on specific aspects of the fault may differ from that of

Finch and Ritchie. No attempt is made to repeat their work, though their studies

also report much information pertinent to the evolution of the Guayape fault.

As has been stated earlier, the Guayape fault was initially recognized by the

distinct alignment of rivers in eastern Honduras. From north to south the Rio

Paulaya, Rio Pataste, Rio Tinto, Rio Guayape and Rio Guayambre are aligned

along a N 30 E trend (Figure 6. 1; Plate m). Further south, part of Rio Choluteca

has a similar trend. These rivers commonly define topographic linears, but

there are significant exceptions to this rule. From the Caribbean Sea to the Valle

de Jamastran a series of topographic linears, approximately oriented N 30 E,

occur close to the aligned rivers. Description ofthe Guayape fault zone is based

on the topographic linears (Plate III) and on observations at accessible localities

along the fault (Figure 6.2). Faulting in the Valle de Catacamas region is not

discussed here (see Chapters 4 and 5).

203
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Offset streams?

Ritchie and Finch (1984; 1989) proposed that the drainage along the

Guayape has been offset 50-55 km in a sinistral manner, and Burkart and Self

(1985) proposed that the topography is offset 50 km in a sinistral fashion. There

are several problemswith using rivers along the Guayape fault as piercing points.

(1) No geologic feature has been shown tomatch the 50 km offset. (2) The courses

of Rio Guayape and Rio Guayambre are controlled by the location of recent

extensional basins, the Valle de Catacamas and the Valle de Jamastran,

respectively. Thus, their channels do not represent a pretectonic line which can

be reconstructed. (3) Strike-slip faults concentrate drainage. As a result streams

are commonly captured and give the wrong sense of slip because the resulting

reconstruction is not valid (Wallace, 1968). Along the San Andreas fault, half to

two thirds ofthe streams show no offset, and a quarter ofthe remainder show the

wrong sense of slip (Gaudemer and others, 1989). Wallace (1968) and Sieh and

Jahns (1984) have shown that the fluvial historymust be documented in detail

prior to using streams as piercing points on strike-slip faults. Matching of

several streams proved successful for the Polochic fault (Burkart, 1978) where

bedrock units are offset the same amount (Burkart et al., 1987). Along the

Guayape fault, the apparent offset of the streams contradicts evidence for

neotectonic dextral slip. Ritchie and Finch (1989) propose that the stream offset

is inherited from the earlier sinistral episode.

The canyon of RioWampu is larger than would be expected for the small

drainage basin ofthe river (Finch and Ritchie, submitted). The size ofthe canyon

suggests it was formed by a riverwith a higher discharge than Rio Wampu. Finch

and Ritchie (submitted) suggest that the size ofthe channel supports their

interpretation that Rio Guayape once flowed down the channel ofRioWampu.

Because the proposed dextral slip on the Guayape fault is only a few kilometers,

the western course of Rio Guayape may be approximately in the same location

before the dextral faulting began (RC. Finch, pers. comrnun., 1990). A sinistral

offset of the drainage prior to the recent faulting would reconcile the dextral slip
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on the Guayape fault determined from basin geometry with the sinistral slip

inferred from the drainage offset.

Figure 6. 1. The Guayape fault was initially recognized by its prominent

topographic appearance. Five major rivers are aligned along the fault and were
used by the earlyworkers to map the fault. Ritchie and Finch (1984) estimated a

left-lateral offset along Guayape Fault as 50-55 km based the realignment ofRio

Guayambre with Rio Patuca (1A- IB) and Rio Guayape with RioWampu (2A-2B). I

do not accept these correlations because the courses ofRio Guayape and Rio

Guayambre are largely controlled by actively forming basins on the west side of
the fault. A right-lateral offset is also possible (Rio Guayape with Rio Patuca).

However, any offset based on the streams is tenuous.

Consistent offset of small streams should give an indication of the sense of

slip on active faults although apparent left-lateral offsets occur on the Wallace

Creek system along the SanAndreas fault (Wallace, 1968; Sieh and Jahns, 1984).

This technique was applied successfully to the Polochic fault (Kupfer and Godoy

O., 1967). Small stream offsets across the Guayape fault were examined for offset

across principal fault segments. A convincing, consistent offset is not observed

although many streams are offset as much as 1 km or more (Plate III). Obvious
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left-lateral and right-lateral offsets occur exactly on the fault segments. The

major rivers typically flow along the Guayape fault. Thus, streams naturally

tend to flow towards the river, i.e. left-lateral "offsets" on one side and right-

lateral "offsets" on the opposite side of the river. Thus, an offset opposed to the

flow of the major river is more significant than one sympathetic to the flow. Of

the small streams shown on Plate in, 1 1 have a right-lateral offset opposed to the

river flow versus 5 that have a left-lateral offset. Of all the streams showing

some offset 15 have right-lateral offset and 13 have left-lateral offset. A study of

all the streams along the fault may yield a different result, but would still show

both senses of slip. Thus, the evidence for sense of slip on the Guayape fault based

on small stream offset is not convincing. The basin geometries provide much

more solid evidence for a dextral sense of slip on the Guayape fault (see

Chapter 5).

RIO PAULAYA SEGMENT

Approximately from the headwaters of Rio Paulaya to the Caribbean coast,

the Guayape fault is not accessible by road. Yet, the striking topographic features

in this region make it worthy of discussion even though I have not had the

opportunity to visit this region. As discussed in Chapter 5, the valley of Rio Sico

has the form of a lazy z, dextral pull-apart basin. Although this interpretation

has not been proven, this approach has proven successful for analyzing the

origin of active strike-slip basins in Panama (Mann and Corrigan, 1990) and

ancient strike-slip basins in the Maritime Provinces of Canada (Bradley, 1982).

The geometry of the basin is a legitimate technique for assessing the sense of slip

on the strike-slip fault system. South of the valley of Rio Sico, the principal

topographic linear of the Guayape fault does not follow Rio Paulaya. The main

fault trace continues directly south from the fault scarp forming the west side of

the valley ofRio Sico. The most prominent scarp in this region occurs at Cerro

Portillo deWill (Figure 6.2; 05/75, Portillo de Will map sheet). The topographic

relief is only 160 m, but the scarp is linear for 9 km. Small stream offsets along

this fault trace could be interpreted as either sinistral (maximum offset 4.5 km)
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or dextral (maximum offset <2 km). South of Portillo de Will, the fault and Rio

Paulaya coincide.

RIO WAMPU SEGMENT

Streams which flow into RioWampu cross the Guayape fault without

consistent offset. The drainage divides between RioWampu and rivers to the

north and south are very low (Plate m). The divide between RioWampu drainage

and Rio Paulaya is at 560 mwhich is in strong contrast to elevations that reach

1500 m on either side ofthe fault (Plate m). The divide between RioWampu and

Rio Pataste is even lowerwith an elevation of 520 m. Between these two divides

several small streams cross a valley largely filled with dissected terrace deposits.

RioWampu flows along the east side of the valley approximately parallel to the

Guayape fault. The principal strand of the fault is 10 km to the northwest along

the northwest side of the valley. This strand forms a prominent topographic

break between the valley and the range (Figure 6.3), but without the major

topographic relief of the Boqueron fault. Limestone crops out northwest of the

fault at Cerro Zopilote 49.7/67.2, Dulce Nombre de Culmimap sheet.

Isolated bedrock hills occur in the valley. Agua Fria Formation crops out

on Cerro Las Minas (64.6/72.7, Curso Medio del RioWampumap sheet). Faulted

limestone crops out in a quarry at 47.4/59.6 (Dulce Nombre de Culmimap sheet).

This outcrop is immediately east of the principal strand ofthe Guayape fault.

N 30 E fault planes have subhorizontal slickenside lineations which show

dextral shear (data included in Figure 6.4).

RIO GUAYAMBRE-RIO PATUCA AREA

South of the Valle de Catacamas, the Guayape fault forms a fault-line valley

to the confluence ofRio Guayape with Rio Patuca. The fault occurs in the middle

ofthe alluvial valley. I have not studied the area south ofthe Santa Maria del

Real map sheet in detail. In the map area (Plate I), no obvious faults were

observed on 1:20,000 or 1:40,000 aerial photographs.
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Figure 6.3. View to north ofGuayape fault from Cerro Las Minas (64.6/72.7,
Curso Medio del RioWampu map sheet, east ofDulce Nombre de Culmi on Figure
6.2). The northwest side ofthe valley is formed by a major scarp. At the north

end of the valley, Rio Paulaya flows directly to the Caribbean along the N 30 E

trend which defines the Guayape fault. The drainage ofRioWampu crosses the

valley, and the river flows through the mountains to the Patuca and the

Caribbean. To the south, the rivers flow along the Guayape fault to Rio Patuca.
Most of the floor of the valley is covered with terrace deposits. The immature

drainage system and antecedent nature ofthe streams suggest active tectonism in

this region.

A relatively new road provides good access to the upper Rio Patuca and the

region near the confluence ofRio Guayambre with Rio Guayape. Two interesting

areas ofAgua Fria Formation crop out in this region. The first is near the bridge

over Rio Guayambre (03.7/95.8, Azacualpa-Rio Guayambre map sheet). The

second is along the south bank of Rio Patuca. The stratigraphy of this area was

discussed in Chapter 4. These two areas were discovered fortuitously. A

systematic search of the region should yield even more information about the

Guayape fault.



Figure 6.4. Fault slip data collected along the Guayape fault zone including
data from the Valle de Catacamas region. Solid dots are rakes of faults showing
normal component, open dots are faults showing reverse component.

Although alluvial terraces covermuch of the Guayape fault as defined by

the river alignment, excellent outcrop is exposed in Rio Guayambre (Figure 6.5).

The river level is only about 10 m below the contact between alluvial terrace

deposits and bedrockwhich is exposed in outcrop on the east side ofthe bridge.

The terraces demonstrate that, in the recent past, the Agua Fria rocks were

planed off, terraces were deposited, and now the Agua Fria rocks are being eroded

below the level of the earlier unconformity. This history is compatible with a

regional lowering of base level observed throughout the Guayape fault region.
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Figure 6.5. Shear zone outcrop in Rio Guayambre. Shear zone is at

03.7/95.75, Azacualpamap sheet.

Agua Fria Formation crops out in the river. All of the rocks are well-

indurated unlike the outcrops in the mountains to the northwest. A 10 m wide

zone is highly sheared. The shearing is strike-slip. The rocks have a strongly

developed planar fabric striking N 40 E vertical. Within the shear zone

coherent beds of sandstone and shale have been obliterated (Figure 6.6 and 6.7).

The shale has a sheen and the sandstone has been stretched into small clasts and

altered to quartzite. This rock has complex shearing indicators. Lenses of

sandstone are sheared in a sinistral manner (Figure 6.6). These lenses have been

folded (Figure 6.7). The fold asymmetry indicates dextral shear. A rotated

sandstone clast indicates dextral shear (Figure 6.7). This outcrop may have

experienced two episodes of shearing, or the sense of shearmay not be apparent

in hand sample. A few meters from the shearing, the rocks appear unsheared in

hand sample. Tight folds with a N 32 E 63 fold axis are present.
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Figure 6.6. Shear zone, Rio Guayambre. Nearby rocks are onlymoderately
deformed whereas within this 10 m wide shear zone rocks are highly strained.
Foliation strikes N 40 E, vertical and is parallel to the Guayape fault. Exposed
surface is horizontal. Lenses of sandstone have experienced sinistral shear. If

the large clast has been rotated, this rock has also undergone dextral shear.

Figure 6.7. Shear zone, Rio Guayambre. Fold asymmetry shows dextral
sense of shear. Lenses of sandstone found in Figure 6.6 are folded with the

layering.
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The rocks along Rio Patuca are folded in a south-plunging syncline between

08.5/96.3 and 1 1.3/96.4, El Portal delMemo map sheet. The timing ofthe

folding is only constrained as being post-Middle Jurassic in age. Several faults

also occur here. Some are probably contemporaneous with the folding. Strike-

slip and normal faults are post-folding (shown in Figure 6.4). Although some are

parallel to bedding, sub horizontal slickenside lineations indicate that they are

strike-slip faults, and not due to the flexural slip folding which is also present.

VALLE DE JAMASTRAN

Rio Guayambre defines the Guayape fault from the Rio Patuca to the Valle de

Jamastran. Several topographic linears define the Guayape fault close to the

Valle de Jamastran. The principal fault segment runs along a topographic linear

from Santa Maria (Figure 6.2) to El Chichicaste. This fault segment forms the

southeast scarp of the Valle de Jamastran. This fault segment is a linear feature

formore than 20 km. Southwest of Jutiapa, this fault makes a 1 km right-step.

This small area of the Valle de Jamastran could be considered a pull-apart basin

or sub-basin. This fault continues to the southwest in a valley between Cerro

Sierra Morena (53/42, El Paraiso map sheet) and Cerro Calabaceras (52/39, El

Paraiso map sheet). Farther to the southwest, this fault crops out (see below).

From the Valle de Jamastran to the El Paraiso region the fault changes strike

from N 40 E to N 60 E forming a releasing bend on the fault.

The fault segment along Rio Guayambre is not strongly defined in the Valle

de Jamastran region. The fault changes strike over short distances and may

have several releasing and restraining bends along it. South ofthe major bend in

Rio Guayambre (LA on Figure 1; 72.2/54.5, Valle de Jamastranmap sheet), this

fault segment continues as a series of restraining and releasing bends to the Rio

del Hato at 66/42, Rio de Apalimap sheet. For 14 km to the southwest, this

segment forms a fault line valley striking N 40 E. Interaction between the

Guayambre and the SantaMaria-Jutiapa segments ofthe Guayape fault zone may

be responsible formuch ofthe topography, but they do not explain the origin of

the Valle de Jamastran.
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The northwest side ofthe Valle de Jamastran is formed by a major

topographic scarp striking N 45 E. This scarp does not continue to either the

northeast or southwest as a prominent linear. If the Valle de Jamastran were a

simple pull-apart basin, this scarp would continue to the southwest as the

principal strand of the Guayape fault. No obvious connection with the Choluteca

linear is apparent on the 1:50,000 topographic maps or frommy reconnaissance.

Such a connectionwould require a major right-step in the Guayape fault system

which may explain the broad zone of extension in this region (Gordon, 1987a).

The step does not offer a simple explanation for the localized extension forming

the Valle de Jamastran. Mapping by Finch and Ritchie (1990) in the adjoining

Danli map sheet may address the Valle de Jamastran problem. They mapped

major east-striking shear zones across the Danli map sheet. The northeast scarp

of the Valle de Jamastran may connect with these zones forming a releasing

bend. Although not a simple pull-apart basin, the mapped geology suggests that

the Valle de Jamastran is a dextral strike-slip basin.

EL PARAISO REGION

Several topographic linears occur near the city of El Paraiso (Plate III).

These are the southernmost topographic linears associated with the principal

section ofthe Guayape fault. In order to see if these linears are associated with

faulting, I visited this area with R.D. Rogers (Peace Corps) in 1990. From

39.9/32.3, El Paraiso map sheet towards the northeast, white tuff, interbedded

laharic deposits, green sandstones, red amygdaloidal flows and red sandstones

are exposed. The volcanic sequence is faulted; some of these faults show evidence

of dextral slip in a N 80 E direction (Figures 6.8, 6.9). Many northwest-striking

faults are exposed but have an indeterminate sense of slip. At 42.45/33.8, a

major vertical fault is exposed that places Valle de Angeles Group on the

northwest side against Agua Fria Formation on the southeast side. Both units

are highly brecciated in the fault zone. The strike of the fault could not be

determined from a single outcrop, but the topographic linearwhich crosses this

location strikes N 55 E. The contact between the Mesozoic rocks and the Padre

Miguel Group is covered here. Although nearby Padre Miguel Group contains
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redbeds, they are distinct from the redbeds exposed at the fault. The Padre Miguel

redbeds contain mostly volcanic detritus and no limestone cobbles whereas the

Valle de Angeles Group exposed at the fault contains limestone cobbles and no

volcanic clasts. A covered fault may place Valle de Angeles Group against the

Padre Miguel Group. Faulting along these roadcuts shows that the Guayape fault

continues at least to the southern portion ofthe El Paraiso map sheet. No fault

termination structures were found in this area or inferred from the topography.

No suitable topographic linears occur to the south on the Dipilto map sheet

which is dominated by a northwest-striking drainage pattern. Slip is probably

being transferred to faults 15 km fartherwest. These faults are part ofthe

Choluteca linear.

CHOLUTECA LINEAR

The lower portion of Rio Choluteca is approximately aligned with the

principal section ofthe Guayape fault. Muehlberger (1976) identified a

topographic linear along Rio Choluteca which he considered a fault zone.

Northeast-striking drainage patterns are common on the eastern half of the San

Lucasmap sheet and the southeast part of the Yuscaranmap sheet about 15 km

west of the last outcrop of the principal segment of the Guayape fault. This

drainage pattern is particularly remarkable because northwest-striking

drainage trends are observed in the region as a whole (e.g. Dipilto map sheet).

These drainage patterns apparently represent a fault zone. The faults do not

occur along Rio Choluteca north ofMorolica, but the small drainage patterns

indicate that the Choluteca linear continues north of the river alignment.
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Figure 6.8. Outcrop of fault in Tertiary volcanic rocks near El Paraiso

(location: 40.9/32.9, El Paraiso map sheet).

Figure 6.9. Fault plane of fault in Figure 6.8. Orientation is N 87 E, 82N;
rake of slickenside lineations is 17E. Sense of slip is dextral based on bedding
offset observed in Figure 6.8.
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Between Choluteca and Orocuina, a very prominent N 30 E linear is

exposed along the Rio Choluteca (Figure 6. 10). I visited this region to determine if

this linec^rwas a bedrock feature and if so its relationship to the Guayape fault. I

found that the linear is due to fracturing in the Miocene Padre Miguel Group, thus

the fracturing must be young. From Choluteca to Morolica, the river is following

a distinct fracture trend in the volcanic rocks. Exposure on the riverbanks is

commonly excellent. South ofOrocuina, a N 30 E vertical fracture set forms the

dominant pattern near the river at 89.25/85.45, Orocuina map sheet. These

fractures could be either joints or faults; characteristic features were not

identified on the fracture faces. A subordinate fracture pattern strikes west, a 60

angle to the first. East ofOrocuina at 92. 15/89.8, the river also flows along a

distinct topographic linear, but with a N 70 E strike. A normal component of

fault movement is suggested for this linear because a high volcanic plateau has

been uplifted north ofthe river. The subordinate fracture pattern is about

N 80 W, a 35 angle to the dominant trend. This study does not definitely link

the Choluteca linearwith the Guayape fault. However, considering the

orientation of the fractures and their geologic youth, it seems likely that the

Guayape fault and the Choluteca linear are undergoing similar tectonic events.

At the very least, a deep seated fault is controlling the development of the

fractures and that fault is most likely part ofthe Guayape fault system.

Finch and Ritchie (submitted) take a different view of the southern portion

of the Guayape fault. They view the fault as terminating in a series of splay faults

near El Paraiso. Yet, based on the degree ofbrecciation the fault that crops out

west of El Paraiso has probably undergone slip ofmore than a few hundred

meters. Inasmuch as no fault termination structures are observed, I favor a

model in which the slip is transferred in a right-step to the Choluteca linear. I

view the entire Valle de Jamastran, Danli, El Paraiso, northern Choluteca linear

region as a complex extensional strike-slip zone dominated by right-steps in

dextral strike-slip faults.
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Figure 6. 10. Linear fault scarp along Choluteca linear. View is to the south

from 89.75/86.7. Hills are located at 90.0/84.5, Orocuinamap sheet.

DISCUSSION

In a broad sense, the Guayape fault is a transtensional fault. Restraining

bends are small features (fault steps less than three kilometers). The extensional

features are much larger. Extensional structures associated with the Guayape

fault occur dominantly on the west side ofthe fault. The divergent nature ofthe

west side of the fault is compatible with the model presented in Chapter 3.

Rotation between the Honduras depression and the Guayape fault creates an

extending zone on the west side ofthe fault. The east side ofthe fault is relatively

stable and is moving with the Caribbean plate.

CONCLUSIONS

The reconnaissance study along the Guayape fault establishes its existence

as a major fault zone. Prior to the first reconnaissance work (Ritchie and Finch,

1984), the fault was only known from the unique alignment of the rivers. Strike-
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slip faults have been found parallel to the drainage, and major changes in the

geology occur across the fault. A regionallywidespread bedrock unit, the Agua

Fria Formation, shows a major separation across the fault which may be due to

early left-slip along the fault. Topographic linears exist from the Caribbean

coast almost to the Pacific coast. Geologic evidence for strike-slip faulting

includes the following: the morphology of scarps, the shear zone in Rio

Guayambre, the juxtaposition of different rock types across the fault, faults of

various scales exposed in the field, and the fracturing in the Rio Choluteca. The

fault affects rocks as young as Miocene. Faults have not beenmapped in definite

Quaternary deposits, but the faultmay be an active fault with a low slip rate

(<1 mm a"1).



CONCLUSIONS, SIGNIFICANCE AND FUTUREWORK

As is typical of any scientific endeavor, this study proposes answers to

some problems, yet has also raised a number of problems for future study. Prior

to my fieldwork in the Valle de Catacamas only sketchy geologic information

was available from this region. In this study, I have mapped part ofthe Valle de

Catacamas, a key region to understand the Guayape fault. Conclusions from this

mapping project are divided into two groups. On group consists of basic

conclusions derived from geologic mapping, laboratory and office work. The

other group result from the first group of conclusions, and are more interpretive.

The second group of conclusions leads me to propose a structural model for the

valleywhich has a strong bearing on the geologic history of the Guayape fault.

The interpretation of the history of the Guayape fault has significance for the

behavior of strike-slip faults. Future projects are identified below to better

understand the Chortis block and its role in the tectonic interaction between the

North America and Caribbean plates. Both the conclusions and the future

projects bear on the basic tectonic problem of northern Central America that was

outlined in the Introduction.

Conclusions from fieldwork

1) Metamorphic rocks (the Cacaguapa Schist) form the oldest rock unit in

the region. These rocks were multiply deformed prior to the Mesozoic. In the

Valle de Catacamas region, the rocks underwent multiple fold generations and at

least two foliations developed.

2) In the Middle Jurassic, a thick section (>2000 m) of clastic rocks was

deposited. Rocks of the Agua Fria Formation were deposited in a basin that is

limited in lateral extent. East of the Guayape fault, the clastic rocks of the Agua

Fria Formation are overlain by volcanic rocks. The rocks of the Agua Fria

Formation have experienced very low grade metamorphism (<200C) and exhibit

an incipient cleavage.

3) A stratigraphy for the Sierra de Agalta Is proposed. The stratigraphy is

similar to that of central Honduras (Finch, 1981), but local differences exist. The
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stratigraphy below the Atima Limestone is more complex than in the Lake Yojoa

region.

4) The Cretaceous stratigraphy ofthe Sierra de Agalta experienced an

episode of shortening. This deformation was more intense than the deformation

ofthe same-age rocks in central Honduras. The Atima Limestone in the Sierra de

Agalta has a pervasive pressure solution cleavage. This cleavage has not been

documented previously in Honduras. It apparently formed as an axial planar

cleavage to folds in the Sierra de Agalta. These folds probably formed in the late

Cretaceous, synchronouswith the folding in central Honduras.

5) A normal fault defines the range front of the Sierra deAgalta. Younger

rocks are faulted onto older rocks across this fault. Small, outcrop-scale faults

have movement indicators showing normal slip. Triangular facets are developed

behind the fault indicating that the fault is a normal fault.

6) Reconnaissance work along the Guayape fault zone has revealed much

evidence for faulting which had not been established prior to this study. The

evidence for faulting includes outcrop scale strike-slip faults with subhorizontal

slickenside lineations, shear zones, and offset ofmajor rock units across the

fault.

Interpretive conclusions

1) The Guayape fault experienced an early, left-lateral phase. Close to the

Guayape fault, regional folds of Cretaceous-age rocks are deflected in sinistral

shear. A large (80 km?) apparent offset of the Agua Fria Formation outcrop belt

suggests that major left-lateral faulting has occurred. The regional stratigraphy

suggests that this stage of faulting is post-Cenomanian in age, but does not

constrain the timing more tightly. A probable time for this stage of faulting

would be the during the Paleogene when the Cayman Trough was developing. At

this time the Guayape fault was oriented properly to accommodate strike-slip

faulting on the plate boundary. As the Chortis block rotated and translated

about the Maya block, the Guayape fault acquired a less efficient orientation for

accommodating the plate motion, and it temporarily ceased motion.
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2) The current development of the Valle de Catacamas shows a distinctly

different structural style. The valley is forming as a releasing junction fault

wedge basin along the Guayape fault. The development ofthe basin is controlled

by a major normal fault systemwhich is a splay ofthe Guayape fault. The

normal faults form major topographic scarps and consistently place younger

rocks on older rocks. The orientation of the faults is compatible only with

dextral slip along the Guayape fault. The style of other basins along the Guayape

fault also supports the interpretation of dextral slip (Chapter 5).

Significance

In addition to developing a geologic framework for the Valle de Catacamas

and the Guayape fault, this study contributes to the understanding of strike-slip

faults, in general. Amajor aspect of this study has been to map and analyze the

development of a strike-slip basin, the Valle de Catacamas. This basin is not a

pull-apart basin as defined by Burchfiel and Stewart (1966), Crowell (1974),

Mann et al. (1983) or Christie-Blick and Biddle (1985). Nonetheless, it is a key

feature for interpreting the tectonic history of the Guayape fault. The

physiographic form of the basin can be compared to the theoretical basin

geometries in the literature (Christie-Blick and Biddle, 1985; Mann et al., 1990).

However, few examples of these basin types have been well-documented in the

literature. Why form a releasing junction fault wedge basin? The Valle de

Catacamas is forming on the axis ofmajor pre-existing weakness which is

exploited by the Guayape fault. The block rotation model proposed in Chapter 3

(Figure 3. 12) may also play a role in causing a releasing junction fault wedge

basin. Independent evidence for rotation is needed to substantiate this

hypothesis because the rotation model is based, in part, on the presence ofthe

basin.

The dextral Guayape fault is forming on a major pre-existing weakness: the

dextral faulting is occurring in the same zone as an earlier sinistral fault.

Reactivated strike-slip faults have not been as well-documented in the literature

as have reactivated thrust faults (Bally et al., 1966) or reactivated normal faults

(Cooper et al., 1989). Documentation of two phases of strike-slip motion on the
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Guayape fault adds another fault to the growing list of faults that have

experienced two episodes of opposed strike-slip motion (Muehlberger, 1986;

Holloway and Chadwick, 1986; Watanabe and Kimura, 1987).

Projects for future work

1) In general, the basement rocks ofthe Chortis block form a major source

terrain for all subsequent deposits including the Atima Limestone. Basement

quartz pebbles are found throughout the stratigraphy, and metamorphic quartz

is the most common constituent of the sandstones. Studying the basement rocks

is necessary to elucidate the structural history and paleogeographic setting of the

Chortis block.

Amajor unanswered question is the origin of the block, itself. From what

terrane or continent did it originate? To answer this question we need to know

the age of the blockwhich can be done with either isotopic dating or a fortuitous

discovery of diagnostic fossils. We also need more detailed information on the

structural history of the basement rocks. Although I have not answered these

questions based on the rocks south of the Valle de Catacamas, hopefully I have

added to the database which will allow a correlation in the future.

2) A regional study of the Agua Fria Formation needs to be done to know its

distribution, facies, age range and environment of deposition. This study would

have direct bearing on the history of the Guayape fault. Present information on

its distribution indicates that is more common along the Guayape fault than

elsewhere on the Chortis block. Furthermore, its principal outcrop belt has been

offset by the fault. A better understanding of its internal stratigraphy would

allow correlation of features across the fault, orwould help asses the role of the

fault in the facies distribution.

3) A regional structural study ofthe folded Cretaceous rocks needs to be

done. How do folds mapped in the Rio Patuca region by Mills and Hugh (1974)

relate to the convergent deformation episode in the Valle de Catacamas region?

A framework for the unmapped region from the Valle de Catacamas to the Lake

Yojoa region also needs to be developed.
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4) Several features still need to be better understood in the Valle de

Catacamas region, a) Amajor thrust fault which places basement rocks onAgua

Fria Formation has beenmapped west ofthe Guayape fault (Kozuch, 1989b). If it

can be found on the east side ofthe fault, the net slip (left-slip minus right-slip)

on the Guayape fault will be known, b) Key rock units need to be dated in this

region. The three most important ones to date are the basement rocks, the

igneous rocks associated with the Agua Fria Formation, and the Tertiary (?)

volcanic rocks. The age of the volcanic rocks would better constrain the timing

ofthe present faulting episode on the Guayape fault, c) Mapping needs to be

extended to the northwest ofthe map area (Plate I) to better Understand the

stratigraphy and structure ofthe Sierra de Agalta. A key, but difficult, region to

map is the San Francisco de la Paz map sheet. The Valle deAngeles Group and

the Atima Limestone are well exposed in this area, d) The contact between the

basement and the Cretaceous section needs to be mapped west ofthe Valle de

Catacamas (e.g., the Lepaguare map sheet). On Plate n, this contact is below the

alluvium on the floor of the valley. Along the old Carretera de Olancho directly

east of Juticalpa, Atima Limestone is exposed on numerous cliffs whereas about

15 km to the south along the new, paved Carretera de Olancho basement and

intrusive rocks are exposed. This reconnaissance suggests that a contact could be

found between the basement rocks and the Cretaceous section. This contactmay

explain the absence of the Cretaceous rocks, particularly the Atima Limestone on

the south side ofthe Valle de Catacamas.

5) Other basins along the Guayape fault should be mapped. Detailed

mapping of the valley of Rio Sico would be very interesting, but thick vegetation

and the absence of roads make it an unlikely prospect. This basin is not a good

place to start mapping. Many interesting features are exposed in the Valle de

Azacualpa region, and the basin has a similar, but smaller form to the Valle de

Catacamas. The Valle de Jamastranwill be mapped by RD. Rogers (Peace Corps)

in 1991. This study will help constrain the geologic history ofthe Guayape fault.



APPENDIX A

THIN SECTION DESCRIPTIONS

Rocks collected in the Valle de Catacamas region are described here. Most

ofthe samples are from the Santa Maria del Real map sheet (Plate 1). This

appendix serves as a database for Chapter 4. In light of this, organization is
similar to that of Chapter 4: Oldest rocks first, then increasingly younger rocks.

The following information is provided sequentially for each rock: sample
number, UTM coordinates, description of location, and map sheet names for

samples that are not from the SantaMaria del Real sheet.

CACAGUAPA SCHIST

Augen Schist Member

86TA100. 07.3/21.75 Orica-Guayape (2860 III) map sheet. Tributary to Quebrada
Cuesta Vieja. This sample was collected byAthena Andrews Rodbell (Peace

Corps) and Ing. Jose Maria Gutierrez (DGMH), but I visited the site with Ing.
Gutierrez in 1988. Rock is dominantly white mica, quartz, biotite augen schist.

Other phases present include sphene, microcline, garnet and plagioclase.
Zircons occur in biotites. Microcline and quartz occur in augens. All quartz is

highly strained and has experienced dynamic recrystallization. Grain size is

much coarser than other metamorphic rocks. Garnet is growing over biotite;

white mica is growing over biotite. The abundant mica is evidence for high
aluminum content in the rock. Along with the abundant quartz, this suggests a

metasedimentary origin for this rock. However, based on field and more

extensive thin section work, Simonson (1977) considered the rock to be

metaplutonic. Without further evidence to the contrary, I accept this

classification.

Las Marias Member

86MBG101. 92.75/29. 1 Juticalpamap sheet. Roadside outcrop near Ocote along
new (1987) road between Juticalpa and San Francisco de la Paz. Chlorite, quartz,

white mica phyllite. White mica grown over chlorite. Coarse quartz is

dynamically recrystallized, but finer quartz is too small (50u) to show

recrystallization texture. Rock is divided into quartz rich and chlorite rich

layers generally parallel to SI cleavage. Rock could be isoclinally folded but has

not been observed in section. Quartz vein is folded. Foliation is crenulated (F2).

Late stage ductile extensional faulting has developed.

87MBG016. 20.05/23.3. Top of hill 505 m. Quartz arenite. Occurs within

mapped region ofbasement rocks. Cleavage not recognized in hand sample and

rock does not appear to be significantly strained in thin section. Opaque
minerals present are hematite or limonite. Metamorphic minerals are present

(white mica, sphene), but are detrital. Extensive pressure solution of quartz

grains has occurred. Some porosity is present, but the pressure solution suggests
that it is secondary. I consider the sample to be basement. Lack of dynamically

recrystallized quartz may be due to post orogenic heating and recovery (Boehm
lamallae are present). Alternatively, this region ofmassive quartz behaved more
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competently than the sea of squishy phyllite, and, consequently, experienced
less strain.

87MBG0lft 19.3/24.8. Main gully east of hill 565 m. White mica, chlorite,

quartz schist. Graphite is also present. Quartz is dynamically recrystallized by
subgrain enhancement. Evidence for at least three phases of deformation is

preserved in this thin section. SI foliation characterized by white mica/chlorite
layers and parallel foliation. Layers were isoclinally folded (F2). A crenulation

(F3) has deformed the F2 folds.

87MBG027. 14.85/23.0. Upper drainage ofQuebrada Honda, roadside outcrop.
Quartz, chlorite, white mica phyllite. Limonite is present. Sphene, biotite and

feldspar are present as detrital grains. Most of the quartz Is very fine-grained,
<50ji. Some larger grains are present, and may be detrital. Large quartz grains
display dynamically recrystallized texture. Quartz/chlorite+white mica layers
are folded in a FI fold.

88MBG164. 08.8/22.75. Quebrada del Terrero Colorado, near road. Quartz, white

mica, chlorite phyllitic schist. Large (2 mm) quartz granule and large (1.5 mm)

garnet grain are detrital deposits. The garnet is fractured but shows no post
depositional metamorphic fabric. Quartz veins have highly strained,

metamorphic fabric as does the quartz in the groundmass. Two cleavages have

developed. SI is the phyllitic cleavage which I measured in the field. S2 cuts SI

at a 30 angle. It is defined by alignment ofwhitemica grains. It is not fully
developed, but is well defined.

88MBG166. 07.95/22.35. In Quebrada del Terrero Colorado. Quartz, biotite,

chlorite, white mica, graphitic schist. Biotite is commonly altered to chlorite.

Rock is mylonitic. Rock fragments are stretched out. Many rock fragments are

older metamorphic rock containing biotite and quartz. The biotite is at an

oblique orientation to cleavage in the rock; this is a result of biotite occurring in

detrital grains. Isoclinal fold hinges are present; whole rock is probably

isoclinally folded. Bedding (?) defined by diffuse graphite layering in quartz-rich
areas suggests that these are FI folds.

88MBG175. 08.5/22.25. Tributary ofQuebrada del Terrero Colorado. Quartzite
interbedded with schist. Quartzite bed is approximately 1 m thick. Rock is a

quartz arenite, principal accessory phase is white mica. Opaque minerals

include hematite and limonite. Some opaques form pyrite pseudomorphs.
Detrital biotite, sphene and garnet are present. Quartz is highly sheared and

dynamically recrystallized by subgrain enhancement. White micas define a

cleavage (SI) parallel to bedding. Fractures perpendicular to bedding and

cleavage are filled with opaque minerals.

Intrusion into basement

8SMBG165. 08.2/22.55. InQuebrada del Terrero Colorado near road.

Granophyric granitic intrusion. Quartz is euhedral, unstrained indicating that

the intrusion is entirely post metamorphic. Much of the quartz is similar to

volcanic quartz. Sericitlzation is widespread. Quartz and plagioclase are
dominant phases; crystals of each are as large as 3 mm. K-feldspar is probably
represented by granophyric regions. Biotite forms clumpy texture within



granophyric regions. In spite of the very coarse grain size, this is probably a

fairly high level, late granite.

HONDURAS GROUP

Point counts of sandstones were done with the Gazzi-Dickinson technique.
These results are classified with respect to tectonic setting according to
Dickinson et al. (1983). Point counts are based on 200 points.

Aqua Fr-jg Formation

Clastic rocks

The sandstones and shales of the Agua Fria Formation have experienced
very low grade metamorphism. Due to their fine grained texture and consequent
lack of readily identifiable minerals in thin section, quantitative work on rocks
such as these is commonly done with X-ray or chemical analyses (Frey, 1987).
This workwas considered beyond the scope of the current project. Thus, to
describe these rocks, I use qualitative description of similar rocks in the
literature (Kossovskaia and Shutov, 1959; Frey, 1970).

86MBG055. 30.5/22.95. In stream channel. Poorly sorted sandstone. Mapped as

unmetamorphosed Agua Fria Formation. 47.5% Qp; 29% Qm; 1 1.5% MRF; 5%

plagioclase; 1% K-feldspar; 4% chlorite cement, 2% opaque cement. QFL =

81/6/ 12, recycled orogenic; QmFLr = 31/6/63. lithic recycled. Quartz cement is

present, but minute. Graphitic schist rock fragments are present. No incipient

cleavage but still may be beyond diagenetic alteration (M. Frey, pers. comrnun.).

86MBG091. 33.3/25.2. In south fork ofQuebrada Sonzapote. Metasiltstone.

Mapped as metamorphosed Agua Fria Formation. Fine-grained (<50|i) silt grains
in matrix with high clay content. Detrital grains include metamorphic quartz.

Cleavage is parallel to bedding and is locally well-developed. Dominant

phyllosilicate is chlorite, but white mica is present. "Zone of altered argillaceous
and authigenic quartz cement" (Frey, 1970).

88MBG146. 34.05/28.7. In Quebrada San Jose. Metasiltstone. Mapped as

metamorphosedAgua Fria Formation. In most of the rock, the largest grains are

ca. 50u, mostly quartz. Beds 0.6 mm thick of quartz sandstone (grains 0. 1 1 mm)
occur. White mica and chlorite define cleavage parallel to bedding. Fresh pyrite
(>0.2mm), largest ones are definitely diagenetic, suggesting that reducing
conditions prevailed. Anastomosing fabric defined by graphite gives rock

appearance ofbeing squashed. Late stage quartz veins cut rock nearly
perpendicular to bedding. "Zone of quartzite-like structures and hydromica-
chlorite cement" (Kossovskaia and Shutov, 1959).

88MBG154. 34.15/27.95. In north branch ofQuebrada Seca. Interbedded
sandstone in shale. Mapped as metamorphosed Agua Fria Formation. Poorly
sorted, grains generally 0.3 mm; one granule (2.5 mm) ofmetamorphic quartz is

present. 49% quartz; 22.5% MRF; 6% K-feldspar; 3% plagioclase; 0.5% SRF; 15%

chlorite as matrix; 2% mica; 1.5% opaque. QFL = 58/10/32; Recycled orogenic.
Some quartz is volcanically derived; most is metamorphically derived. Much of

the counted MRF is almost matrix due to diagenesis/metamorphism. K-feldspar
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is altered almost beyond recognition. Noticeable lack of opaque minerals.

Pressure solution has occurred; porosity is secondary (along fractures). Matrix

has reacted with detrital grains. "Zone of altered clay cement" (Kossovskaia and
Shutov, 1959).

88MBQ1RC) 29.5/22.7. In stream channel. Sandstone. Mapped as

unmetamorphosed Agua Fria Formation. Well sorted, most grains are from 0. 1

to 0.15 mm. 33% Qp; 13% Qm; 17.5% MRF; 3% K-feldspar, 1% plagioclase; 14%
vein; 10% calcite cement; 7.5% chlorite matrix; 1% opaque. QFL = 68/6/26;

recycled orogenic. Qm^T = 19/6/75; lithic recycled. One microcline grain
found. Counted veins are quartz with matrix (chlorite and calcite) inside veins.
Calcite veins are also present. Some bedding parallelmica growth, but not as

prevalent as in 88MBG 146. Bent mica grains show significant bedding parallel
compression (seeWilson and McBride (1988) for other examples). "Zone of

altered clay cement" (Kossovskaia and Shutov, 1959).

Volcanic & intrusive rocks

86MBG047. 34.1/22.2. In gully. Metamorphosed lithic, welded ash flow tuff.

Andesite (?). Dominant mineral is plagioclase. Glass shards and lithic clasts.

Some clasts are plagioclase rich volcanic rocks which contain clasts ofMRF.

Matrix is completely devitrified, microlites of plagioclase. Quartz is present only
as lithic fragments and as alteration products. Much of the glass and matrix has
altered to chlorite. Pumpellyite (M. Frey, pers. comrnun.) growing on plagioclase
crystal.

86MBG054. 30.5/22.0. Meta-andesite. Mineralogy: plagioclase, biotite, zoisite,

pyroxene, amphibole and opaques. Quartz is present as alteration product.

Totally devitrified microlitic texture. Micro-spherulitic texture is present. No

evidence for pyroclastic origin, but cannot differentiate between lava or
intrusion because ofmetamorphic alteration.

86MBG058. 33.35/24.1. In stream channel. Metadacite (?). Large phenocrysts of

plagioclase, quartz. Epidote in plagioclase but not in groundmass. Completely
devitrified microlitic groundmass. Much greenish gray mineral, pumpellyite (?).

Lack of lithic fragments and shard textures suggests that it is a lava.

86MBG061. 30.75/22.65. In stream channel directly north of hill 693 m.

Metamorphosed crystal lithic pyroclastic. Plagioclase, quartz, epidote. Chlorite

present in groundmass between grains.

86MBG062. 33.1/25.7. Roadside near El Ojo deAgua. Definitely intrusive dike
based on field relations. Quartz, feldspar. Zenoliths (?) with relict pyroxene

mostly altered to opaque. Spherulitic devitrification texture. Flow banding
similar to a lava but acceptable for a dike.

86MBG085. 34.15/25.45. In Quebrada de Carrtzal. Metamorphosed lithic,

crystal welded tuff. Dacite (?). Fresh volcanic quartz. Skeletal plagioclase from
melt reaction. Crushed pumice (?). Chlorite, pore filling in original tuff.

Epidote. Spherulites.
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86MBOOK7 30.95/23.45. In brook off ofmain stream channel. Altered volcanic.

All of volcanic glass is devitrified to relatively coarse yet microlitic crystal size.

Phenocrysts of sericitized plagioclase. Chlorite. Could be a tuff or a lava; lacks

distinctive characteristics.

86MBO0ftft 31.05/23.75. Lithic pyroclastic. Dacite (?). Most lithic fragments
are volcanic fragments. One is definite siltstone and one may be from an

intrusion. Flattened glass shards (?). Glass is totally devitrified to quartz and

plagioclase.

86MBG090. 33.35/25.1. In south fork ofQuebrada Sonzapote. Fine-grained
intrusion. Dacite (?). Plagioclase and quartz, chloritized biotite. Granophyric
texture. Its intrusive nature is known from field relations, not petrography.

88MBG147. 34.05/28.7. In Quebrada San Jose below Cerro San Jose. Definitely
intrusive dike based on field relations. Metadacite (?). Plagioclase and quartz.
Plagioclase occurs as large phenocrysts and in groundmass. Epidote occurs as
alteration product in plagioclase grains though plagioclase is more commonly
sericitized. Quartz is rounded, but some grains are embayed. Groundmass is

completely devitrified; contains chlorite and calcite as alteration products.
Biotite altered to chlorite?

88MBG149. 24.7/28.3. In Quebrada San Jose. Lithic, crystal tuff. Numerous
skeletal grains in both lithics and crystals. Variety of lithic types. Flattening of

shards. Spherulitic texture. Groundmass is devitrified, but to very fine "dusty"
grains size. Rock is vesicular. Chlorite and kaolinite (?) in vugs.

88MBG151. 35.25/31.1 La Bacadia map sheet. In QuebradaVallecito. Volcanic or

shallow intrusive rock. Phenocrysts of highly altered plagioclase. Most of the

groundmass is plagioclase, quartz may be 10% ofthe rock. Includes some lithic

fragments. Grain size ofmatrix is 0. 1 mm. Chlorite present in matrix.

88MBG153. 34. 15/27.95. In north branch ofQuebrada Seca, near Cerro laMina.

Lava flow or shallow level intrusive. 10-15% quartz, otherwise plagioclase is

dominant phase. Relatively coarse, but still subphaneritic grain size. Numerous

sperulites. Phenocrysts of plagioclase with epidote. Chlorite as alteration

product.

88MBG156. 33.6/27.05. In upper drainage ofQuebrada Seca. Altered intrusive.

Phenocrysts of sericitized plagioclase (1-2 mm). Quartz in groundmass.

88MBG162. 34.0/25.7. In tributary ofQuebrada del Carrizal. Lithic, crystal tuff.

Identical in appearance to 88MBG149. Andesite (?). Phenocrysts and xenoliths

have resorption (i.e., skeletal) texture. Plagioclase laths. Large (1 mm) CPX

phenocryst, aegerine-augite (?). Groundmass is devitrified, but fine-grained.
Chlorite, epidote and opaques are present as alteration products.

ft8MBG168. 32.1/24.1. In stream channel. Volcanic rock. Dacite (?). Plagioclase
and quartz. Well displayed banding in hand sample. Devitrification has

obscured it in thin section. Difficult to tell whether it is a welded tuff or a lava

flow. Relatively coarse devitrification texture.
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88MBQ1RQ 33.25/21.75 Montana del Incendio map sheet. In QuebradaVallecito.
Mafic intrusion, gabbro or diorite. Phaneritic texture with high mafic mineral

content. Both OPX and CPX present. Abundant plagioclase.

89RPat2i4. 10.5/96.45 El Portal del Infiemo map sheet. Roadside along Rio
Patuca. Lithic crystal tuff. Andesite (?) Plagioclase, kaolinitlzed feldspar.
Quartz is probably all xenolithic. Lithics include metaquartz. Pumpellyite is
present (M. Frey, pers. comrnun.). Chlorite also present as alteration product.
Chalcedony in vugs. Has a coarse devitrification texture.

Unnamed siliciclastic member

86MBG035. 09.95/38.9. On hillside. Very coarse-grained, poorly sorted arenite.
Grain size is 1-2 mm; granule size grains are common. 52.5% Qp; 23.5% Qm;
22.5% MRF; 1.5% clay cement with limonite. QFL = 77/0/23; recycled orogenic.
QmFLr = 23/0/76; lithic recycled. All quartz in metamorphic quartz; Qm is

artifact of using Gazzi-Dickinson technique. Quartz cement is present, but not
counted because the cross hairs did not center on cement during counting. At
least one detrital sphene is present.

Shaly limestone

87MBG037. 09.3/34.35. Roadcut on Carretera de Olancho. Shaly limestone with

alternating orange and red streaks. Streaks are hematite and limonite; Shale

and calcite are gray. Silt size quartz, including metamorphic quartz. Most

phyllosilicates are in clay size fraction, but fine-grained white mica and chlorite

(?) are present. Limonite and hematite are present. Limonite is dispersed.
Hematite is in S-shaped shears. Oxidized pyrite framboids. Foliation is very

well developed and is crenulated. Rock is highly sheared. Stylolites
perpendicular to foliation. Foliation may be parallel to bedding, but apparent

lithologic layering in outcrop is at 30 angle to foliation. Deep carbonate shelf to

slope depositional environment is possible (R.W. Scott, pers. comrnun.).

87MBG060. 09.3/34.35. Roadcut on Carretera de Olancho. Thin bed, about 10 cm

thick. Volcaniclastic deposited in a limey lake. Sericitized phenocrysts of

plagioclase which also has calcite alteration. MRF and metamorphic quartz.
Chlorite as alteration product. Very random fabric. Opaques, quartz. Calcite

veins. Although it is surrounded by "typical" shaly limestone like 87MBG037,

the total calcite content is actually very low.

YOJOA GROUP

Volcanic unit

86MBG037. 10.4/40.2, Catacamas map sheet. South ofBuena Vista. Limestone

clastic. Mostly breccia of limestone clasts. Also contains VRF and phenocrysts.
Likely a lake deposit with a large volcanogenic input. Map unit is Kav.

K6MBG115. 10.8/40.3, Catacamasmap sheet. Quebrada del Higuero. Dacite lava
flow. Fresh volcanic quartz. Highly sericitized, euhedral plagioclase. Chlorite

and opaques.
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86MBQn.qn 09.65/40.0. Cerro del Pate. Pyroclastic. Phenocrysts of quartz and

feldspar. Lithic fragments. Abundant calcite and opaques. Rock has been

tectonized. Calcite clasts are stretched. Pyroclastic deposit into a limey lake.

Map unit Kav.

86MBGOR4. 1 1 .65/4 1 . 1 , Catacamasmap sheet. Epiclastic volcanogenic
sandstone. Clasts of opaque minerals with altered crystals inside them.
Indicates that opaques are devitrified mafic glass. Very immature texturaUy;
poorly sorted, angular clasts. Map unit Kav.

86MBG104. 08.9/37.6. Top of ridge. Lithic crystal ash flow tuff. Abundant VRF,

magnetite and hematite. Calcite is present throughout rock. Limestone is

present on all sides indicating that sample is from the core on an anticline and is

stratigraphically below the limestone. Tuff deposited in limey lake.

Atima Limestone

88MBG176. 06.85/33.65. Eastern canyon slope of El Boqueron. Dolomite with

chert nodules. Authigenic apatite. Framboidal spheres of pyrite indicating
consumption of organic matter by bacteria (R.L. Folk, pers. comrnun.). Dolomite

has a uniform crystal size, sparry 0.2 mm across, rhomb shape. Chert has quartz
and dolomite veins and some remnant of dolomite in chert. Two generations of

quartz veins cut both the dolomite and the chert. Stylolites in dolomite. Veins in
dolomite do not contain organic matter whereas matrix has dispersed organic
matter. Calcite-vein fabric and clastic dolomite fabric are similar suggesting
that both are replacing fine micrite clastic fabric. Preserved here and not in

limestones because this dolomite deformed brittlely (RL. Folk, pers. comrnun.).
Dissolved rock in 10% HC1: Calcite veins dissolved, quartz veins stand out, chert

is pitted. SEM: Etched intensely with 10% HC1. Spongy rhombs which represent
calcite that was dissolved by etching. They are 1-2 u inclusions of calcite in the

dolomite. These grains are remnants of original micrite mud.

88MBG174. 09.0/37.9. Prominent cliff in upper drainage ofQuebrada
Quiscamote. 86MBG103 is from same location, but top of cliff. Biomicrite.

Peloidal. Abundant fossil debris. Bedding parallel stylolites. Veins and

fractures at high angle to bedding.

86MBG103. 09.0/37.9. Top of cliff. 88MBG 174 is from same location, but bottom

of cliff. Biomicrite. Abundant dispersed organic matter. Pyrite, limonite,
hematite (?). At least two sets of intersecting stylolites.

87MBG069. 08.6/35.5. Ridge east of peak 882. Dominantly biomicrite with

sparry calcite (Folk). Caprinid wackestone (Dunham). Dedolomite (rhombic

grain which is now sparry calcite). Formed by fresh water. Quartz replacing
fossil and dedolomite grains. Peloids.

87MBG067. 08.6/36.6. Stream channel north of peak 1005. Micrite (Folk). Lime

mudstone (Dunham). Dispersed organic matter. Rock is sheared, but not cleaved.

Sparry veins are present. Veins are not sheared.

ft7MBG066. 08.3/35.95. Between peaks 980+ and 1005. Biomicrite (Folk).
Wackestone (Dunham). Minor quartz, dolomite. Limonite after pyrite. Pyrite is



234

probably from algal mats. Rock is sheared. Shearing is post veining. Organic
matter is in matrix. Stylolites. Abundant fossils, some are diagnostic (see
Appendix B). Fossils have algal coating.

87MBOQ7n 04.7/37.0, Juticalpamap sheet. West side of stream. Micrite (Folk).
Lime mudstone (Dunham). Minor quartz. Rock is highly fractured. Fractures
are both pre- and post-shearing. Stylolites.

86MBG112. 07.6/34.85, Juticalpa map sheet. Ridge above Punuare. Deformed

biomicrite. Micritic grains are neither enlarged nor reduced, but show

interlockingmetamorphic texture under high power. Rock has cleavage, but not
as well expressed as in sample 9. Fossils are flattened. SEM: Large areas with no

phyllosilicates. Polyhedral blocks. Most calcite grains aligned vertically, most

phyllosilicates between them but are small. Phyllosilicates have Si, Al, and K

peaks indicating that they are probably illite ormuscovite.

86MBG100. 09.55/37.45. Peak860+. Biomicrite (Folk). Chondrodont

wackestone (Dunham). Minor quartz. Calcite veins. Organic material has

migrated out of fossils, due to relatively high temperatures. Diagnostic fossils
are present (seeAppendix B).

87MBG032. 08.55/34.3. South side ofMontana Piedra Blanca. Deformed

microspar (aftermicrite) (Folk). Lime mudstone (Dunham). 10|i grain size is 2-3

times normal size due to metamorphism. Sparry twinned grains also present.

Sparry vein perpendicular to cleavage. Very little organic matter. Numerous

subparallel spar lenses may be tectonized fossils (R.W. Scott, pers. comrnun.).

86MBG097. 06.4/38.8. Overhanging cliffby trail above Quebrada de LaAvispa.
Micrite (Folk). Lime mudstone (Dunham) with sandy calciturbidite. Minor

quartz. Bedding parallel stylolites. 2: 1 shortening of fossil in this view. Has lost

all of its organic matter. Sheared, but cleavage was not observed in hand sample.

89QQ204. 09.3/37.75. Cliff face above Quebrada Quiscamote. Calcirudite.

Nodular bioclast wackestone (Dunham). Clasts ofmudstones in grainstone and

wackestone. Local dolomite. Some micrite-grainstone contacts are

microstylolites. Major stylolites are post-veining. Dominantly bedding
parallel.

89QQ205. 09.3/37.75. Cliff above Quebrada Quiscamote. Recrystallized sparite.
Hand sample looks like it has evaporite nodules. Two mutually perpendicular
thin sections. Nodules contain length-slow chalcedony indicating evaporitic
conditions. Edge of nodule is defined by opaque rim. Nodules contain

chalcedony and calcite. Sparry calcite progressively becomes coarser towards

center of nodule in one section, but not in other. Indicates that grains are

prolate. Whole rock has sparry grain size. Largest grains are free of hematite.

ft7MBG059. 18.9/43.2. Cerro las Sabanetas, Catacamas map sheet. Calcarenite.

Can clearly see granule size quartz grains in limestone matrix. In fact, diverse

grain types are present. Metamorphic quartz, chert, metasiltstone or very fine

grained quartzite. Most of rock is sparry, recrystallized limestone. Reef pebble
debris.
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86MBGni4. 06.3/35.1. Canyon ofEl Boqueron. Paleomagnetic drill site.

Biomicrite (Folk). Mollusk-echinoid wackestone (Dunham). Magnetite and

hematite. Stylolites and veins. Microcrystalline organic content. Not as

sheared as sample 9.

86MBG1 1 } 08.1/35.95. Hill 980+. In hand sample, thiswas the most

penetratively cleaved limestone observed. Red flakes of insoluble minerals

define parallel cleavage planeswith a 2-3 mm spacing. SEM: Etched in 10% HC1.

Calcite grains 2-8n., recrystallized micrite. Phyllosilicate flakes have Si, Al, and
K peaks indicating that they are illite ormuscovite. Highly sheared, but calcite is
not elongated. Phyllosilicates are aligned, "look metamorphic", tabular shape.

87MBG077. 31.25/49.8, Catacamasmap sheet. Quebrada Siguate. Cleaved

limestone. SEM: Etched in 10% HC1. Most phyllosilicates are not oriented.

Only a few needed to give rock the cleavage. At low magnification phyllosilicates
have preferred orientation, but at higher magnification, the fabric is more
random.

S (collected in 1986). 09.5/39.15. Ridge below Cerro del Pate. Deformed micrite.

Insoluble minerals concentrated in one edge of thin section parallel to cleavage.
Cleavage defined in part by concentrated hematite. Highly sheared, strongly
developed cleavage. Some coarser micrite grains may have resulted from

metamorphism. Concentrated in bands parallel to cleavage. Pyrite framboids.

SEM: Intensely etched with 10% HC1. Calcite in spikes aligned along their c-
axes. Cleavage is defined by phyllosilicate flakes, Al, Si, and K peaks indicates

that flakes are probably illite ormuscovite. Quartz grains. Second sample,
shorter etching: vein calcite is not as etched as metamicrite groundmass.
Unetched: Calcite grains 5-10|j., slightlymetamorphosed. Cleavage ismuch

better displayed in etched sample.

89SFP209a&b. 90. 1/46.35, San Francisco de la Pazmap sheet. Roadside outcrop,
new road (1989) from San Francisco de la Paz to Gualaco. 50 m stratigraphically
below contact with Valle de Angeles Group. Biomicrite (Folk). Caprinid

packstone (Dunham). Peloid bioclast, nearly a coquina. Micrite between clasts.

Spar is dominantly as fossil parts. Diagnostic fossils are present (see Appendix
B).

89SFP210a. 89.95/42.25, San Francisco de la Pazmap sheet. Roadside outcrop.
New road (1989) from San Francisco de la Paz to Gualaco. 5 m below contact with

Valle de Angeles Group. Biomicrite (Folk). Miliolid wackestone-peloid

packstone (Dunham). Numerous parallel veins. Stylolites have heterogeneous
orientations. Apparent offset of vein by stylolite

- dissolution in third

dimension.

VALLE DE ANGELES GROUP

Lower redbeds

Point counts of sandstones were done with the Gazzi-Dickinson technique.
The results are used to classify the sandstones with respect to tectonic setting
according to Dickinson et al. (1983). Point counts are based on 200 points.
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87MBprraA 13.9/39.35, top of hill 485. Very poorly sorted sandstone; grains are

angular. Grain sizes as large as 1.25 mm in the sandstone; mean size is 0.3 mm.

Part of thin section is pebble conglomerate. 37% Qp; 16.5% Qm; 12.5% MRF;

1.5% limestone; 0.5% URF; 8% plagioclase; 3.5% K-feldspar; 15.5% calcite

cement; 3% opaque; 2% chlorite cement. QFL = 67/ 14/ 18, recycled orogenic;
OmFLp = 21/14/65, borderline transitional arc/lithic recycled orogenic. MRF

grain of epidote and quartz, an uncommon rock type for this region. Calcite

cement is probably late because some MRF grains are squashed from pressure.

Oversized pores filled with calcite cement suggest dissolution of some grains.
Minor quartz cement.

88MBG103. 20.2/39.05. Quarry on hill 422. Poorly, sorted calcite cemented
sandstone. Grains are subangular, up to 0.5 mm in size; mean size is 0.25 mm.

23% Qp; 21% Qm; 14% MRF; 9% limestone; 1.5% VRF; 1.5% chert; 5% K-feldspar;
3.5% plagioclase; 13.5% calcite cement; 3.5% opaque; 3% clay; 1.5%, quartz
cement. QFL = 56/ 1 1/33, recycled orogenic; QmFLr = 27/ 1 1/62. lithic recycled

orogenic. Only porosity present is secondary. Kaolinite after feldspar and VRF.

Diagenetic pores in grains have developed. Deep burial prior to calcite

cementation: bent mica grain at contact with quartz, broken quartz grain, bent

plagioclase grain, pressure solution. Wilson and McBride (1988) estimate that

these features form at a minimum of 3 to 5 km of burial.

Limestone

87MBG014. 96. 1/47.5, San Francisco de la Paz map sheet. Near Los Chaguites.
Precise stratigraphic position is unknown, but it is similar to definite Valle de

Angeles limestone exposed on new (1989) road. Biomicrite (Folk). Lime

wackestone with bioclasts (Dunham). High clay content. Dispersed organic
matter. Pyrite. Solution features. Fossils are not diagnostic in thin section.

87MBG013. 9 1 . 1/52.6, San Francisco de la Paz map sheet. "Near yellow number

52". New (1989) roadcut destroyed the yellow number, but improved the outcrop.
The limestone is definitely interlayered in the Valle de Angeles group. It is also a

thick (>100 m) unit. Thin-bedded, beds 4-20 cm thick separated by 0.5 cm thick

beds of shales. Similar in appearance to Guare Member of the Jaitique
Formation. Microspar recrystallized from biomicrite (Folk). Lime mudstone

with bioclasts (Dunham). High shale content. Small pyrite crystals are

ubiquitous. Minor organic matter. Green algal fragments. Recrystallized calcite

has pushed organic matter aside.

87MBG058. 12.55/38.65. On hill 495. Pelsparite (Folk). Peloid packstone
(Dunham). 3 thin sections. Recrystallized to microspar. Organic matter is

diffuse, not driven out. Stylolites. Veins that post date stylolites. Chlorite vein.

87MBG012. 19.55/56.95, San Francisco de la Pazmap sheet. Intramicrite (Folk).

Packstone (Dunham). Very high clay content. Organic rich mud matrix with

numerous intraclasts. Clay is approximately 1/3 ofmatrix; calcite is

approximately 2/3. Most intraclasts are carbonate, but quartz is present.

ft7MBG073. 27.9/43.35, Catacamasmap sheet. South end ofCerro Monte

Redondo. Sample is not representative of outcrop. Microspar recrystallized
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from micrite (Folk). Mudstone (Dunham). Quartz as replacement mineral.

Weathered pyrite. Calcite veins. Highly fractured.

87MB(^Q7R 28.1/43.65, Catacamas map sheet. Cerro Monte Redondo. Microspar
recrystallized from biomicrite and pelrricrite (Folk). Bioclast-peloid packstone
(Dunham). Bivalves and gastropods. Quartz as replacement mineral. Bedding
parallel stylolites.

CAMPANTEPE VOLCANIC ROCKS

86MBGQ16. 28.4/38.2. Cerro del Suyate. Lithic ash flow tuff. Mafic clasts which

contain plagioclase (0.1 - 0.2 mm) with parallel orientation, epidote, chlorite,
opaques. Some clasts were early lava flows. These clasts are more mafic than
rest of rock. Xenocrystic plagioclase (as large as 0.5 - 1 mm), epidote in host rock.

Plagioclase has resorbed texture, and is subhedral to anhedral in shape.
Devitrified glass. Devitrified pumice.

86MBG017. 28.4/38.3. Cerro del Suyate. Lithic ash flow tuff. Plagioclase and

epidote. Fine-grained, devitrified groundmass. Chlorite, sphene and zeolite (?)
after clinopyroxene (?).

86MBG027. 20.8/24.95. Hill 465, near contactwith basement. Lithic ash flow

tuff. Volcanic quartz, sericitized plagioclase, white mica. Devitrified glass.
Chlorite and zeolites occur as hydrothermal alteration products in glass.
Crushed pumice. Calcite in vesicles. Zenoliths of basement quartz.

86MBG070. 24.85/31.1. Roadside quarry south ofPaso del Burro. Airfall tuff.

Highly altered plagioclase, quartz, opaques, sphene. Matrix is completely
devitrified, no shard texture. Zenoliths of basement quartz.

86MBG074. 23.8/29.2. Side road, Guanabita. Mafic pyroclastic rock. Rounded,
altered plagioclase grains as large as 2 mm. Calcite after plagioclase. Epidote,
zeolites, chlorite. Opaque minerals are devitrified mafic glass. Pumice or scoria.

Shard-like fragments. Matrix and clasts are compositionally similar.

Hydrothermal alteration occurred in clasts before eruption.

87MBG001. 28.8/37.3. Hill 520+. Crystal, lithic, vitric tuff. Andesite (?).

Plagioclase is dominant mineral, shows resorption texture. Mafic clasts which

have abundant opaque mineralogy representing devitrified mafic glass.
Devitrified, probably mafic, glass with clumpy chlorite.

87MBG002. 29.25/38.6. Lithic, crystal, vitric tuff. Andesite (?). Plagioclase is
dominant mineral. Plagioclase is resorbed, cloudy and sericitized. Fresher

plagioclase is fractured. Groundmass is recrystallized. Clasts of quartzite from

basement.

S7MBG004. 30.5/39.8. Vitric, lithic, crystal tuff. Mafic clasts include

plagioclase with chlorite and opaque minerals with plagioclase. Plagioclase as

xenocrysts (0.25-0.5 mm), resorbed and sericitized. Chlorite and epidote as
alteration products.



88MBCms 31 3/36.05. Quebrada San Calix south of confluence
with Quebrada

AguaZarca. Crystal, lithic tuff. Many clasts are >2 mm long. Plagioclase is

resorbed and sericitized. Lithic fragment with serpentine. Glass is devitrified to

chlorite. Rock is probably mafic: no quartz, abundant plagioclase,
chlorite.

Microfaults displace crystals and lithic clasts.
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PALEONTOLOGICAL DATA

FOSSIL NAMES AND AGES
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DEPOSITIONAL ENVIRONMENT

Sample #

87MBG058

87MBG013

87MBG014

89SFP210

89SFP209

86MBG014

86MBG097

89QQ204

86MBG100

Formation

Valle de Angeles
limestone

Valle de Angeles
limestone

limestone

Atima Limestone

~5 m below contact

with Valle de Angeles
Group, lower redbeds

Atima Limestone

-50 m below contact

with Valle de Angeles
Group, lower redbeds

Atima Limestone

Atima Limestone

Atima Limestone

Atima Limestone

Environment

Shallow, high energy
carbonate shelf

Deeper carbonate shelf
to slope is possible

Ostracods are probably
shallow water

Deeper carbonate shelf
to slope is possible

Shallow shelf lagoon on
carbonate shelf

Shallow, high energy
carbonate shelf

Shallow shelf

Deeper carbonate shelf
to slope is possible

Deeper carbonate shelf
to slope is possible

Deeper carbonate shelf
to slope is possible

shallow water,

backwater lagoon

Paleontologist

R.W. Scott

R.W. Scott

R.M. Waite

R.W. Scott

R.W. Scott

R.W. Scott

R.M. Waite

R.W. Scott

R.W. Scott

R.W. Scott

R.M. Waite

R.W. Scott

86MBG112 Atima Limestone

87MBG066

87MBG067

Atima Limestone

Atima Limestone

very shallow water

Shallow shelf lagoon on

carbonate shelf

Deeper carbonate shelf
to slope is possible

R.M. Waite

R.W. Scott

R.W. Scott



87MBG069 Atima Limestone Shallow shelf lagoon on K. Young,
carbonate shelf R.M. Waite

86MBG103 Atima Limestone? Shallow shelf lagoon on R.W.Scott

or previously carbonate shelf

unrecognized
Paleozoic strata

88MBG174 Atima Limestone Shallow shelf lagoon on R.W.Scott

carbonate shelf
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