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ABSTRACT
The mapped area lies along the Motagua Fault Zone,, a
long linear feature associated with the Bartlett Trough in
the Caribbean.

Block faulted east-west ridges and valleys

form the topography of the region.

The Sierra de Las Minas,

a complex of metamorphic rock, lie north of El Progreso.

At

the foot of these hills, the fault zone follows a serpentine
horst which underlies the Motagua Valley.

A long fault has

divided the horst into northern and southern blocks.

The

southern block has been repeatedly depressed in the past,
forming a trough in which two successive clastic units have
accumulated.

The older of these, the Subinal Formation,

was previously defined by Hirschmann (1963), but is here
further described, discussed, and dated.

The younger de¬

posit, the Guastatoya Series, is defined herein for the
first time.

The southern portion of the horst is itself

divided by faulting into a northern ridge of Subinal material
/

and a southern valley occupied by the Rio Guastatoya and the
elastics of the Guastatoya Series.

South of the valley is

Cerro Piedra de Cal, a ridge consiting primarily of lime¬
stone, which is bordered on the south by a second metamorphic
complex.

Several volcanic and recent alluvial and landslide

deposits cover portions of the older units in the valleys and
on low hills in the area.
The fault zone contains numerous large and small faults
and associated jointing with various orientations.

It has

been the site of extreme disturbance with local volcanism
in the past, and some faults are still active.

Most of

the observed recent movement in the valley has been vertical,
but an attempt was made to determine if there had been
strike-slip motion there in the past.

Nothing was found to

confirm or deny the existence of such motion on a large or
small scale when the fault was younger.

Cross section of Motagua Structure along line A-A1
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INTRODUCTION
Purpose
This paper will describe and discuss the geology of
the southern half of the El Progreso Quadrangle in the
Department of El Progreso, Guatemala, Central America.
The area is located along the landward projection of
the Bartlett Trough, a structural depression in the Carib¬
bean floor between the island of Santo Domingo and Guatemala.
Major fault zones form the northern and southern boundaries
of this sea floor feature and extend into the Central
American landmass, where they cut the Cordillera and form
two large, linear valley systems.

The mapped area is

located along the Motagua Valley Fault Zone, a feature of
the southern system.

This paper discusses and attempts to

provide more information on the fault zone and associated
clastic deposits.

A new member has been added to the

stratigraphic column.

It is defined and described in

Chapter 2.

Prior Work in This Region
The first important scientific work concerned with the
geology of Guatemala was a synthesis of the geology of
northern Central America, published in 1868 by the Frenchmen
Dolfus and Mont-Serrat.

Their maps and discussion were

highly generalized, having been based in part on material
and reports received from non-geologists.
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In 1899 Karl Sapper published a major work on the
geology of Central America.

This great German naturalist

spent many years traversing large areas of Central America
making records and maps which were later compiled into a
definitive report on the region.

His maps were almost the

sole source of geologic information on northern Central
America for many decades.

These maps were of 1:500,000

scale and represented reconnaissance work only, but they
were the foundation of all structural interpretation of the
area for many years.
A.R. McBirney worked in the area immediately northwest
of El Progreso for his doctoral dissertation, "Geology of
a Part of the Central Guatemalan Cordillera," (1963).
McBirney's paper contains excellent discussions of the
lithologies found in the Motagua Valley and the Sierra de
las Minas.
Tomas Hirschmann mapped the southern half of the El
Progreso Quadrangle and some surrounding territory for an
unpublished 1963 M.A. thesis from Indiana University.

The

Subinal formation was first defined and described in that
work.

Location
The mapped area lies in the southwest central portion
of the Department of El Progreso, about 75 kilometers north¬
east of Guatemala City.

The area is within the Central
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American Cordillera, north and east of the Volcanic Highlands
Province.

Topography
Basin and range block fault ridges and valleys cross
the area from east to west.

A major mountain mass, the

Sierra de las Minas, lies immediately north of the mapped
area.

This block of metamorphic rock reaches an elevation

of 1940 meters in the El Progreso Quadrangle.

South of this

range is the Motagua Valley, a zone of major faulting.

The

valley has developed on a horst of serpentine which has
been eroded to an elevation only slightly greater than 300
/

meters near El Rancho.

The Rio Motagua, the largest river

in eastern Guatemala, follows the valley.

A ridge of
/•

Cenozoic clastic sediments lies south of the Rio Motagua.
It is bounded on both sides by active faults.

This hill

supports a lush vegetation and is known as Cerro Monte Verde.
A narrow fault valley containing the Rio Guastatoya lies
south of the hill.

This valley has been depressed by

faulting and is rapidly being deepened and broadened by
the erosive force of the Rio Guastatoya.

There is another

system of mountains and hills south of the Guastatoya Trough.
The northernmost ridge in this system, Cerro Piedra de Cal,
is composed of lightly metamorphosed limestone of unknown
age.

It reaches an elevation of 1150 meters in the El

Progreso Quadrangle.

A band of ancient metamorphic rocks

-4has been uplifted south of the limestone forming a hilly
area between Cerro Piedra de Cal and the volcanic province
to the south.
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Summary of Stratigraphy
Alluvium Recent.
Landslide Deposits
Terrace Deposits and Gravels
Ignimbrige and Pumice

Quaternary or Recent.
Exposed in modern river valleys.

Basalt
Ignimbrite

Late Tertiary or Quaternary.
Exposed on Cerro Monte Verde.

Granite Conglomerate

Guastatoya or post Guastatoya.
Very coarse granite conglomerate.
Exposed on Cerro Monte Verde.

Guastatoya Series
Upper Guastatoya Series
Los Sares Formation

Tertiary.
Fault trough clastic deposits,
black shale, limestone, volcanic
rock.
Exposed in the Guastatoya Valley.

Subinal Formation

Cretaceous.
Fault trough clastic deposits,
limestone.
Exposed in Cerro Monte Verde.

Diorite

Pre-Subinal, post-limestone.
Intrusive into limestone.
Exposed on north flank Cerro
Piedra de Cal.

Unnamed limestone

Age unknown.
Lightly metamorphosed, re¬
crystallized, unfossiliferous
limestone.
Exposed in Cerro Pieadra de Cal.

Granite

Pre-Subinal, possibly pre-limestone.
Intrusive or migmatitic body.
Poorly exposed at foot of eastern
Cerro Piedra de Cal.

Southern Metamorphic Series

Late Paleozoic?
Metasediments and metavolcanics
of the Lower Greenschist Facies.
Exposed south of Cerro Piedra de
Cal.

Chuacus Metamorphic Series

Pre-Pennsylvanian.
Metasediments, mostly schist and
gneiss, and metavolcanics of
the Upper Greenschist Facies.
Exposed in the Sierra de las
Minas.

-7STRATIGRAPHY
Basement Complex
The oldest rocks exposed In the mapped area are two
ancient metamorphic complexes., one north and one south of
El Progreso.

The older of these two Is the highly meta/

morphosed, pre-Pennsylvanian Chuacus Series.

This series

forms the backbone of the Sierra de las Minas north of the
/

Rio Motagua.

A second series, lightly metamorphosed, forms

a broad area of hills south of Cerro Piedra de Cal and may
be seen on the map south of Santa Rita.
The Chuacus Series consists primarily of thick sequences
of micaceous schist and gneiss with occasional massive beds
of marble.

Large quartz veins cut the complex.

The primary

minerals observed were quartz, feldspar, muscovite, biotite,
chlorite, hornblende, epidote, garnet and calcite.
rocks belong to the upper greenschist facies.

The

Relations

with overlying Pennsylvanian sediments indicate that lithification and metamorphism took place in pre-Pennsylvanian
time.
The southern metamorphic series has been discussed by
Williams et al. (1964).

These rocks have been lightly meta¬

morphosed to the lower greenschist facies and include shale,
lightly metamorphosed limestone, phyllite and amphibolites.
The degree of metamorphism increases toward the southeast
where igneous intrusions can be seen.

There is little

similarity between the Chuacus Series and the southern

8

-

metamorphics.
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The schist and gneiss complexes are not

present in the south, the material is much less massive,
and the lithologies differ in that there is much less
limestone and quartz in the southern complex and the degree
of metamorphism is far less severe.
The age of the formation is not known, but the metamorphic patterns and rock assemblages resemble several other
formations elsewhere in northern Central America which were
subjected to an Upper Pennsylvanian or Permian orogeny.
This metamorphism apparently occurred after the Chuacus
Series was formed.

Serpentine
The floor of the Motagua Valley is underlain by a large
mass of serpentine which has come to the surface along the
Motagua Fault Zone.

Serpentine minerals, primarily antigorite,

with some magnetite comprise the bulk of this body.
bastite are common at some locations.

Talc and

Most of the rock is

highly sheared, and has a soft, soapy or waxy texture.

Color

varies from light blue or green to darker hues, purple and
black.

Fresh surfaces generally show a high luster, and

much of the rock is highly schistose.
Small lenticular masses of serpentine are associated with
faulting at several locations in the Guastatoya Valley.
Lithologically these resemble the main body very closely,
and differ only in size.

The mineralogy of the serpentine

9

-

-

varies little throughout the mapped area.
The times of formation and emplacement of the serpentine
are not known.

The rock formed at great depth, probably

very long ago, but it may not have moved into its present
position until relatively recent geologic time.

A post-

Permian, pre-Jurassic age of emplacement was postulated for
similar serpentine bodies elsewhere in Guatemala by early
students of Guatemalan geology on the basis of supposed
intrusive relationships.

McBirney has studied some of these

"intrusive" relationships and believes that they are in
reality fault contacts.
The serpentine had been emplaced and was exposed by
Upper Cretaceous time.

During this period, pebbles and

cobbles of serpentine were eroded and deposited in the
Subinal conglomerates.

Unnamed Limestone
A ridge of lightly metamorphosed limestone, Cerro Piedra
de Cal, overlies the southern metamorphic complex immediately
/

south of the Rio Guastatoya.

This unit, of unknown age,

consists of light to dark gray calcite of highly variable
grain size.

No dolomite was identified.

The crest and

slopes of the ridge have been partially dissolved and calichified to a depth of five or six meters.

The limestone has

also been cut extensively by faulting and jointing.

The

amount and direction of dip at the surface vary erratically

10
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from place to place and do not reflect accurately structures
at depth.

Relatively undisturbed bedding and sedimentary

features may be seen in deep roadcuts along the Atlantic
Highway.

A pattern of large-scale folding is evident there,

with the majority of the beds dipping to the south.

The

beds generally vary from ten to fifty centimeters in thick¬
ness.

Numerous small and medium-sized intrusive bodies cut

the limestone in a zone of faulting along the north flank
of Cerro Piedra de Cal.

Contact metamorphism, limestone

recrystallization and the formation of hematite have altered
the rocks in the contact zones around the intrusive bodies.
✓

The Rio Guastatoya has formed a cross-section of Cerro
Piedra de Cal in the canyon south of El Progreso.
hundred and fifty-meter cliffs flank the canyon.
folds can be seen in the limestone.

One
Numerous

The river has cut

completely through the limestone in places, and rocks re¬
sembling the southern metamorphic complex are exposed at
the base of some of the cliffs.

The top of the formation is

not identifiable, so the total thickness of the limestone is
not known, but it exceeds 150 meters.
Light recrystallization has destroyed any fossils which
might have been preserved in the limestone, so the exact
age of the unit is unknown.

It may correlate with Permian

or Cretaceous limestones elsewhere in Guatemala.

11
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Subinal Formation
The Subinal Formation is a fault-trough accumulation of
red-bed silts, sands and conglomerates with small quantities
of limestone.

These elastics are excellently exposed along

the length of Cerro Monte Verde and in a series of small
hills north of Santa Rita.
The formation was first named and described by Tomas
S. Hirschmann in a 1963 Master's thesis from Indiana Uni¬
versity.

The formation was named for a small village in the

lower Guastatoya Valley about seven kilometers west of El
Progreso where the original type section was measured.
Appendix A contains geologic sections which were measured
by the author in 1965 near kilometers 76 and 80 of the
Atlantic Highway.
Conglomerates and sandstones each make up slightly less
than one third of the Subinal section, while shale comprises
slightly more than one third of the section.

Small quantities

of limestone are also present.
The conglomeratic beds contain a wide variety of grain
sizes.

The types and approximate percentages of clastic

material in the conglomeratic and sandy beds is listed below:
quartz 30$, limestone fragments 20$, schist and gneiss 20$,
serpentine 15$, diorite 5$, granite 5$, marble 5$, fragments
of indurated red sandstone and siltstone 5$, and volcanic
fragments 5$•

The percentages vary greatly from place to

place within and between beds.

The values listed above are

12
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approximate and were obtained by analyses of several beds at
widely dispersed locations.
Quartz pebbles are abundant nearly everywhere and the
percentage varied relatively little from one location to
the next.

This mineral is the most stable and consistent

component in the clastic beds.
Very fine grained fragments of schist and gneiss make
up the majority of the matrix material

and 20 per cent of

the coarse component of the Subinal beds.

Schist and gneiss

detritus is the most voluminous material in the Subinal
Formation.
Two types of limestone detritus were seen.

Most of the

fragments were gray and recrystallized by light metamorphism,
but occasional fossiliferous pebbles and cobbles had ap¬
parently been eroded from limestone occurrences within the
Subinal itself and redeposited.

Hirschman reported cobbles

of fossiliferous gray and brown limestone which he believed
were eroded from the Cretaceous age Coban Formation.
author was unable to identify any such fragments.

The

There are

no major occurrences of Coban Limestone near El Progreso
which might act as a source for such material.

Hirschman

may have seen the cobbles of Subinal age described above.
A conglomeratic horizon consisting almost exclusively
of large, subangular to subrounded serpentine cobbles was
found along the northern foot of Cerro Monte Verde.

This

horizon was quite low in the exposed portion of the Subinal

-13section.

It was exposed for a length of several kilometers.

The matrix of the bed was yellow-brown and contained little
mica or red clay.

Small pebbles and fragments of serpentine

are found throughout the remainder of the formation.
Fragments of granite and diorite, marble, blocks of
indurated red sandstone and siltstone, and volcanic fragments
are found in small quantities in the Subinal.
Matrix material forms from 30 to 60 per cent of most
of the conglomeratic beds.

The matrix is very fine grained

and consists primarily of mica and red clay with lesser
amounts of quartz, calcite, limonite and feldspar grains.
The clays give most of the beds a bright red color.

The

matrix material in some of the coarser cobble beds contains
less clay and has a light brown, yellow brown or green color.
Color changes between beds in the Subinal are abrupt, and
follow bedding planes.
Sedimentary structures are plentiful with numerous graded
beds and channel cut and fill structures.
are generally sharp.

Bedding contacts

Many of the conglomeratic beds grade

upward into sandstone.
A distinctive block of sediments has been isolated
between a fault in Quebrada del Astillero and a fault along
the north edge of the plain near El Progreso and Santa Rita.
The sediments in this block have a coarser average grain
size and a smaller range of grain sizes than those in Cerro
Monte Verde.

Shale and siltstone comprise less than one-third

-l4-

of the material in this blocks coarse sandstones well over
one third, and gravel and fine conglomerates the remainder.
No limestone was found.

The coarsest material seen was of

small cobble size.
There is little red clay in the matrix of this unit,
and red beds are seen only at the very base of the faulted
section.

The majority of the material is purple, purple-

gray and gray white.

Large quantities of mica in the matrix

give the formation an extremely lustrous appearance.

Color

changes are gradual within this unit with one shade grading
into the next.

The percentage composition of these beds

resembles the material in Cerro Monte Verde except for an
increase in the amount of mica and a decrease in the amounts
of red clay and limestone fragments.
Differences also exist in the sandstones at the two
locations.

The sands in Cerro Monte Verde are generally a

brilliant red, contain a variety of grain sizes, and
frequently show graded bedding.

The sands south of the

fault are relatively uniform in grain size and generally are
coarser grained.

The red color has paled to red-purple,

purple, gray, and gray-white.

Graded bedding is less common,

and sandstone forms a larger percentage of the material.
The southern beds contain a large quantity of mica, giving
them a lustrous appearance.

Occasional brown or green

sandstone beds can be seen north of Quebrada del Astillero,
but these are absent south of the fault.
Two occurrences of interbedded limestone and limestone
rubble conglomerates were found in the Subinal along Cerro
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Monte Verde.
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None was seen In the unit south of the fault.

The first occurrence was in the Motagua Valley southeast
of Palo Amontonado in Quebrada Agua Shuca, and the second
along the north side of Quebrada del Astillero at a rail¬
road cut in Cerro Monte Verde southwest of El Callejon.
This limestone apparently formed during Subinal time,
and several beds containing Cretaceous fossils were found.
Bedding thicknesses range from thin platey units to massive
beds up to a meter in thickness.

Rubble deposits of variable

thickness containing well-rounded limestone pebbles and
cobbles are interbedded with the undisturbed limestone.
Several types of limestone are present in the accumula¬
tions.

A light-gray, very fine-grained fossiliferous calcite

limestone was found near Palo Amontonado.

Most of the remains

had been crushed prior to deposition, and this limestone
contained a hash of small fossil fragments.

These fragments

generally stand out clearly on a weathered surface.

Few

complete specimens were preserved and most pieces were too
small to identify.
Appendix B.
centimeters.

The identifiable material is listed in

Bedding thickness varies from ten to twenty
Small quantities of limonite and red clay are

present, and minor fracturing and calcite veining cut the
rock.
A dark-colored fossiliferous limestone was also found
at this location.

It had a distinctive brown color and

showed fine bedding laminae.

It was massive and contained

-16numerous small shell fragments.

Much of the rock had been

shattered and calcite veining was extensive.

The origin

of the brown color is not known.
Several massive., unfossiliferous beds of mottled
limestone were seen at both locations.

They contained small

irregularly shaped pieces of light gray limestone in a
dark gray, lime matrix.

The light-colored fragments are

very irregular in shape and interlock with one another.
Red limestone was also found at both sites.

It con¬

tained large quantities of red clay.
Intraformational limestone conglomerates were found in
the Subinal which included fragments of all the limestone
types described above.

Grain size in these conglomerates

varies from small pebbles to large cobbles.

Most of the

material is highly rounded and disturbed internally, indi¬
cating that much of the mud was transported prior to lithification.

The matrix in these limestone conglomerates is

generally fine grained and contains large quantities of clay

Age
Hirschmann dated the Subinal as post-Cenomanian and
pre-Pleistocene on the basis of limestone cobbles in the
Subinal conglomerates, and on "interbedded" volcanics.
Hirschmann believed that the limestones contained Cenomanian
fossils and were from the Coban Limestone.

No Cenomanian

fossils or cobbles identifiable as Coban Limestone were
found during this field work.

Hirschmann may have seen the

-17intraformational conglomerates of Subinal limestone described
above.

The "interbedded" volcanic materials he mentions

were apparently lava flows and volcanic beds in the overlying,
younger Guastatoya Series and pumice deposits of Quaternary
age which have been washed into Quebrada del Astillero and
mixed with eroded Subinal debris.
Fossils were found in the Subinal limestones which
range in age from possibly Cenomanian to Maestrichtian time.
This would seem to set a lower age limit for the formation
as Maestrichtian or post-Maestrichtian.

The absence of a

large amount of volcanic debris in the Subinal indicates
that the formation was deposited prior to the major volcanism
which Williams (i960) reports began during the Miocene.

Environment of Deposition
Red beds were long believed to be the product of
deposition under hot desert conditions.

This view was

disputed by P.D. Krynine who stated in a 1949 paper that
red beds formed in humid tropical regions.

Red soils are

known to be common in tropical rain forests where the annual
temperature range is between 22 and 27 degrees Centigrade
and there is a seasonal pattern to the rainfall which exceeds
1.25 meters annually.

Krynine believed that these red soils,

if eroded and deposited rapidly in an oxidizing environment,
would retain their red color and stain the sediments
accumulating in the basin of deposition.

-18The stains on the surface of the pebbles and cobbles
in the conglomerates

and the red clays in the matrix may

well be the remains of a tropical soil which was washed into
the Subinal trough.

Most of this material was apparently

derived from the schists and gneisses in the Sierra de las
Minas.

The regional climate at the time of Subinal depo¬

sition must have been warm and seasonally moist.

Erosion

and deposition were rapid and oxidizing conditions existed
in the trough.

Fault blocks were apparently uplifted inter¬

mittently north of the trough.
The coarsest conglomerates frequently contain only
small amounts of red coloring matter.

These beds probably

accumulated during periods of uplift.

The rising blocks

may have changed the patterns of air movements across the
Sierra de las Minas, creating rain shadows and causing changes
in temperature and rainfall where red soils had been forming.
The rate of erosion in the source areas may have exceeded
the rate of soil formation, and red clay may not have been
formed in sufficient quantity to stain the very coarse
sediments.
The Subinal sediments in the block south of Quebrada
del Astillero contain little red pigment.

Recent faulting

in the quebrada has offset lava surfaces along the fault
trace.

The offset shows that the block south of the fault

was depressed relative to Cerro Monte Verde.

Thus the

distinctive sediments in this block are apparently from higher

19
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in the Subinal section than those in Cerro Monte Verde.
The lack of red coloring matter in this upper Subinal facies
may indicate that the climate or the rate of uplift was
gradually changing as Subinal deposition drew to a close.
Analysis of rock types and textures in certain beds of
the Subinal provides clues to which areas were rising or
high-standing when these layers were deposited and the dis¬
tance the sediment was transported.

The fragments of schist

gneiss and marble in the Subinal were derived from the
/

Chuacus metamorphic rocks in the Sierra de las Minas.

This

material makes up a majority of the Subinal sediments
indicating that the range was probably high-standing through
out much of Subinal time.

Alternating layers of coarse and

fine fragments in Cerro Monte Verde show that uplift was
intermittent in the source areas.

The younger sediments

south of Quebrada del Astillero are generally coarse grained
and display a relatively limited range of grain sizes.
Schist and gneiss fragments are more abundant in this block
than in Cerro Monte Verde.

This is evidence that there was

a major uplift north of the trough as the Subinal period
was ending.
Only a small quantity of detrital material from south
of the fault trough was found in the Subinal conglomerates.
Cobbles of light gray, unfossiliferous metamorphosed lime¬
stone and fragments of diorite and granite were found in the
conglomerates, but no samples of the southern metamorphic

20
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facies were seen.
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There was apparently relatively little

uplift on the southern flank of the trough during Subinal
time.

As the period drew to a close, the Cerro Piedra de

Cal fault block apparently was stable and yielded very
little sediment to the uppermost Subinal sediments.
The quartz fragments in the beds reveal little about
sedimentary patterns during Subinal time.

Quartz is a major

component of the metamorphic complex in the Sierra de las
Minas, and is common in vein form south of the trough and
in all the younger units.

Thus any given quartz pebble

could have been derived from any formation in any direction
from the basin.

Quartz is extremely resistant to either

chemical or physical destruction.

This explains the high

percentage of quartz fragments in the Subinal.
Serpentine cobbles are common in the Subinal conglom¬
erates.

Their presence shows that serpentine had been

brought to the surface in the fault zone by Upper Cretaceous
time at the latest.

The fragments in the Subinal are

coarsest and most abundant along the northern flank of Cerro
Monte Verde.
south.

Grain size generally decreases toward the

The serpentine cobbles are very soft and are easily

fractured during transport.

The source of the cobbles was

apparently a block of serpentine lying between the trough
and the Sierra de las Minas.

The northern boundary of the

sedimentary basin thus lay within the modern Motagua Valley
south of a ridge of serpentine.

This ridge was cut by
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rivers carrying large quantities of sediment from the north.
A monolithologic serpentine cobble conglomerate several
meters in thickness is exposed for several kilometers along
the northern foot of Cerro Monte Verde.

The matrix of this

bed is brown and non-micaceous and contains very few
fragments of material from the Sierra de las Minas.

The

texture of this bed is very coarse showing that the period
of transport must have been of very short duration.

This

bed probably formed when the serpentine block was uplifted*
forming a ridge between the trough and the Sierra de las
Minas which dammed the rivers from the north.

Chuacus

detritus was unable to reach the trough during this period.
The modern topography resembles that of Subinal time
very closely.

A low range of hills of serpentine today

occupies the site of the Subinal-age serpentine ridge.
Numerous small rivers pass through breaks in the hills
carrying a mixture of Chuacus and serpentine detritus into
the valley.

Small quantities of limestone are carried into

the lowlands from the relatively low Cerro Piedra de Cal.
Small amounts of volcanic material were found in the
Subinal.

These may have been derived from ancient volcanic

deposits or from minor volcanic activity during the upper¬
most Cretaceous.

Major volcanism did not begin in Guatemala

until the Miocene period* but minor activity may have
preceded the major extrusions.
The presence of chunks of indurated red sandstone and
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siltstone in the conglomerates and the presence of beds of
conglomeratic limestone show that the fault trough was
undergoing intensive deformation as sedimentation took place.
This material was cannibalized from older Subinal beds.
Areas of the basin floor were apparently constantly being
uplifted by small scale movements.

Partially indurated

clastic beds and lime mud deposits in the Subinal were
eroded and redeposited elsewhere.
disturbances may be seen today.

The result of these
Small scale faulting cuts

the Subinal, and many beds are folded or tilted.

Sections of

the formation are missing and many beds are discontinuous
laterally.

It is doubtful if there is any one place where

deposition was continuous throughout Subinal time.

As

deposition took place at one location, other areas on the
basin floor were being uplifted and eroded and the sediment
redeposited elsewhere.

For this reason, no single measured

section exists which typifies the entire Subinal formation.
The limestone beds in the Subinal were deposited during
moments of tectonic quiescence.

As the hilly areas which

surrounded the basin were lowered by erosion, clastic material
no longer enetered the basin in quantity, and sandstones and
conglomerates no longer formed.

During these periods, the

conditions for lime precipitation were occasionally met.
Beds of lime mud then formed and were ultimately lithified.
Small scale movements on the floor of the trough continued
as the limestone was being precipited, and partially solidified
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blocks of lime mud were frequently shifted and broken up.
Loose bits of mud rolled about on the sea floor, forming round
balls.

These collected in depressions and ultimately formed

limestone conglomerates.

Minor movements frequently broke

up the lime mud, but left it in place where it was sub¬
sequently buried by fresh mud which filled the cracks,
producing a mottled limestone.

Red limestones were formed

when quantities of red soil were washed into the basin during
lime accumulation and mixed with the lime mud.

Conclusions
The Subinal is a fault-trough arkose which was deposited
in a narrow linear basin between intermittently rising fault
blocks.

The formation is restricted to a small local de¬

pression and was never continuous over a large area.

There

are numerous similar red-bed accumulations elsewhere in
Southeastern Guatemala which resemble the Subinal and which
must have been deposited under similar conditions, but not
necessarily at the same time.

The age of the Subinal has

been roughly determined, but the ages of these other red-bed
units are still not known.

Such deposits may resemble one

another closely but be of vastly different ages.

Therefore,

no assumption about the ages of these other units should be
made on the basis of this paper.
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Guastatoya Series
The name Guastatoya Series is herein proposed for a
previously undescribed unit which overlies the Subinal
Formation south of Cerro Monte Verde.

This unit contains

conglomerates, sandstones, siltstone and shale, limestone,
and acidic and basic volcanic rocks.

The name is taken from

/

the Rio Guastatoya Valley where several stratigraphic
sections were measured.

The unit is exposed in a system of

valleys which extend from the western margin of the mapped
area to El Florido and along the valley of the Rio Guastatoya
/

,

to the adjacent San Agustin Acasaguastlan Quadrangle.

The

deposits are limited to the valley, and exposures are general¬
ly poor.

The unit forms several small hills on the valley

floor, however, and river and gully cuts provide some good
exposures.

Lithology
The Guastatoya Series is a fault-trough deposit, as is
the Subinal Formation, but the two units differ greatly.

The

Guastatoya Series contains large quantities of sedimentary
limestone and volcanic rocks in flows and as detritus in
conglomerates.

The clastic material is generally much more

angular than that in the Subinal, and little or no red
staining material is present in the matrix.

It was impossible

to make an estimate of the percentages of sand, shale,
conglomerate, limestone, and volcanic rocks in the series
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as a whole because the majority of the section Is buried
and could not be Identified with respect to lithologic type,
but the Guastatoya beds do contain greater amounts of
volcanic material and limestone than the Subinal.

There

are also marked differences in the clastic beds.
The Guastatoya conglomerates do not display the homo¬
geneity found in Subinal elastics.

It is generally impossible

to distinguish one conglomerate bed in the Subinal from
another on the basis of color or the rock types they contain;
monolithologic conglomerates are very rare.

In the

Guastatoya Series, each conglomeratic bed is more or less
distinctive in appearance with a unique color, percentage
composition and dominant rock type.

There is no uniformity

in composition between conglomeratic beds, and monolithologic
conglomerates are relatively common.

This inhomogeneity in

the conglomerates facilitates the separation of the Guastatoya
Series into two units, a lower Guastatoya or Los Sares
Formation and an Upper Guastatoya Series.

Los Sares Formation
The lower unit of the Guastatoya Series is named for
Quebrada Los Sares where the type section was measured.

This

section is recorded in Appendix C.
The Los Sares Formation consists primarily of beds of
conglomeratic granite, limestone and diorite, alternating
with beds of very fine grained detrital material.

The basal

-26layer of the formation is a granite cobble conglomerate
with a reddish-brown matrix.

The granite fragments are

generally angular and most are highly weathered.

The matrix

material is primarily sand or finer sized grains of quartz
and feldspar.

No evidence of water working was seen.

Induration is poor.

The bed has a minimum thickness of one

to one and one-half meters, but exposures are poor, and the
total thickness may be much greater.

The conglomerate was

apparently deposited over a granite body upon which had
developed a thick red soil.

The vertical succession from

granite through soil to coarse-grained conglomerate is
exposed in the quebrada.

This is the only location where

the base of the Los Sares Formation was identifiable.

The

basal conglomerate is easily distinguished from Subinal
conglomerates, from the underlying granite, and from the
soil cover by color and texture, and from the Upper
Guastatoya beds by the extremely high percentage of granite
fragments present, and by the texture.
Above the basal conglomerate is an unexposed interval
representing an unknown thickness of sediment.

This covered

material probably consists primarily of easily eroded
shales.
The unexposed interval is overlain by a series of coarse
conglomerates several tens of meters thick.

These conglom¬

erates are exposed in the hills west of Santa Rita and north
of Quebrada Los Sares.

The beds consist primarily of small
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and large cobbles and small boulders of granite mixed with
fragments of diorite.

Granite fragments comprise approxi¬

mately eighty per cent of the material, and diorite twenty
per cent.

The matrix is fine grained, brown in color, and

shows no evidence of water working or transport.
very poorly indurated.

The bed is

The lateral extent of these conglom¬

erates is apparently quite great.

They are exposed at

several locations in the system of quebradas east and west
of Santa Rita and occasionally may be seen in small hills
which rise above the El Progreso plain.
The granite-diorite conglomerate is interbedded with a
monolithologic conglomerate on the large hill west of Santa
Rita.

This interbedded unit is poorly indurated and coarse

grained, with angular to subrounded cobbles of recrystallized
limestone in a brown matrix.

Several beds with this lithology

were found on the hillside, but their thickness could not
be measured.

Many of these beds also contain occasional

blocks of granite and diorite.

Contacts between the limestone

and granite-diorite conglomerates were generally sharp.
The limestone conglomerates were found only on the hill west
of Santa Rita and were not as wide spread as the granitediorite unit.
These three conglomeratic units comprise the Los Sares
Formation.

Their lithologies are quite distinct from any of

the Subinal beds or the Upper Guastatoya conglomerates.

The

color, the coarseness of grain size, and the rock types present
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make the beds easily identifiable.

The Los Sares Formation

is overlain by another covered interval which separates it
from the Upper Guastatoya Series.

The Upper Guastatoya Series
The Upper Guastatoya conglomerates resemble the Subinal
elastics more closely than the coarse beds of the Los Sares
Formation.

The younger series generally contains a variety

of rock types and is relatively uniform in content and
appearance from one location and from one bed to another.
There are few monolithologic beds in the upper unit, and the
grain sizes are relatively small, seldom exceeding twenty-five
centimeters.

Fragments are generally moderately rounded.

The following particle types were found in decreasing order
of abundance in the conglomerates: quartz, limestone, granite
and diorite, serpentine, schist and gneiss, and marble.
Volcanic fragments are also present, but their abundance
varies greatly from place to place.

Volcanic material is

generally rare near the base of the unit, but becomes much
more common toward the top of the series.

Some of the upper¬

most conglomerates consist almost entirely of pebbles and
small fragments of volcanic rock.
Although the Upper Guastatoya does resemble the Subinal
in some ways, there are numerous differences between the two
units.

The Upper Guastatoya beds have a coarse-grained,

sandy brown to yellow-brown matrix with little or no red clay.
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They contain very little mica, but large quantities of
volcanic material are present in the uppermost beds which
are generally green in color.

Fragments of limestone,

diorite and granite are much more common in the Upper
Guastatoya Series than in the Subinal, while schist and
gneiss are present in much smaller quantities.
Several measured sections of the Upper Guastatoya
Series are recorded in Appendix C.

These were located in

Quebrada Santa Rita and at two locations along the Rio
Guastatoya, west of the Atlantic Highway bridge and near
the town of Las Morales.
The lowest exposed unit in the Upper Guastatoya Series
is a massive, very well-indurated conglomerate, which forms
a ridge of hills along the southern foot of Cerro Monte
Verde.

A cross-section of this conglomerate is exposed along

the Atlantic Highway at the turnoff to Las Morales.

This bed

is at least 30 meters thick and may be considerably thicker.
The same or a similar massive unit is exposed in a cliff
/

face along the Rio Guastatoya near Tierra Blanca.

All the

common rock types from both north and south of the Guastatoya
Valley are well represented in the clastic fragments.

The

coarse portion of the bed includes pebbles and small cobbles
up to fifteen centimeters in diameter.

The matrix is light

brown, and contains relatively little fine-grained volcanic
detritus.
Numerous additional conglomeratic beds

were seen in
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Quebrada Santa Rita and along the Rio Guastatoya west of the
Atlantic Highway bridge.

These beds are higher in the

Upper Guastatoya Series and are thin, averaging one meter
in thickness.

The fragments are angular and seldom exceed

small cobble size.

Volcanic fragments are common and the

matrices were brown or green.

Formation contacts are general¬

ly sharp and little graded bedding was seen.
These thin conglomerates are frequently interbedded
with coarse grained, pebbly sandstones.

There is relatively

little sandstone in the Upper Guastatoya Series, however.
Most of the clastic material in this series is coarser than
sand-size.

The sand beds vary in color from brown to olive

and green.

The content of these layers is essentially the

same as that of the conglomerates.
Sandstone layers were found high in the section along
Quebrada Santa Rita.

This material was interbedded with

volcanic flows and contained large quantities of relatively
fine-grained volcanic detrital fragments.

The beds were

green in color.
Over fifty per cent of the material in the Upper Guastatoya
Series is soft, easily eroded, non-resistant rock which does
not crop out at the surface or form good exposures in crosssection.

This soft material generally forms swales or is

buried under loose debris.
shale.

It may consist primarily of

Shale may thus be the most abundant rock type in the

Upper Guastatoya Series.

Shale is exposed at only a few
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locations in the mapped area, along fresh river cuts and
in gulleys where erosion is exceptionally rapid.

Weathering

has not had a chance to destroy the surface material at
these sites.
/

Excellent shale exposures were located along the Rio
Guastatoya in cliffs immediately west of the Atlantic High¬
way bridge and in fresh cuts in Quebrada Santa Rita.
Numerous thin layers of green and brown shale were interbedded with sandstone, conglomerates and volcanic material
in the cliff face along the river.
shale were also seen.

A few layers of black

Bedding thickness ranges from one-

fourth meter to one-half meter.
A very thick accumulation of black shale was exposed
along a fault in Quebrada Santa Rita.

Over one meter of

this material was visible, but the original thickness of the
bed might have been much greater.

The shale was extensively

sheared, and a large portion of the bed could have been
removed during movements along the fault.
Thin beds of green and brown shale were seen at a few
locations in Quebrada Santa Rita.

These beds did not exceed

one-fourth meter in thickness, and exposures were poor.
A few thin beds of fine-grained unfosssiliferous gray
calcite limestone were found in the Upper Guastatoya Series
in the El Progreso Quadrangle.

The quantity of limestone

in the mapped area is very small, but it increases rapidly
to the east.

Much larger accumulations of limestone were

found in the San Agustin Acasaguastlan Quadrangle.
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Volcanic Rocks
Volcanic rocks are a major component of the Upper
Guastatoya Series.

They are present in small quantities near

the base of the series and become increasingly abundant
toward the top of the section.

Excellent exposures of these

rocks may be seen in Quebrada Los Sares and Quebrada Santa
/

Rita and along the Rio Guastatoya west of the Atlantic High¬
way bridge and south and east of the town of Subinal.

An

excellent section was exposed in Quebrada La Palma in the
*

S

San Agustin Acasaguastlan Quadrangle.
Rhyolites, pumice, and ignimbrite make up the majority
of the material in the volcanic section, but basalt is also
present.

The volcanic flows are generally thin bedded, with

most flows less than one-half meter thick, although some
beds reached one meter in thickness.

The rhyolitic material,

pumice and ignimbrite are generally light colored, pale
green to light red, and very fine grained.

Several of the

rhyolites contain large quartz grains, and the ignimbrites
generally include numerous light-colored fragments of ash.
The pumice generally showed no evidence of having undergone
transport or water working and frequently contained large
biotite flakes.

Many of the rhyolite flows are highly

vesicular.
Thin, platey basalt flows of small lateral extent were
common in some areas near the top of the section.

Relatively

massive beds up to three-fourths meter in thickness were also
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The basalt Is generally black,

fine grained and highly vesicular.
The volcanic flows in the Upper Guastatoya section are
all small, thin units with very limited lateral extent.
Most beds which can be traced any distance laterally are
seen to thin rapidly as the margin of the flow is approached.

Intrusive Rocks
Several small intrusive bodies, dikes, and possible
volcanic feeders were found in the Upper Guastatoya section.
These feeders may have been the source of the Upper Guastatoya
volcanics.

Small scale extrusions from such local sources

could be expected to produce the pattern of small thin flows
described above.

Age
No identifiable fossils were found in the Guastatoy
beds, so the age of the series had to be determined from
indirect evidence.
The Upper Guastatoya Series contains large quantities
of volcanic rock.

Williams (i960) believes that the recent

phase of major volcanism did not begin in Guatemala until
the Miocene Period.

A few fragments of volcanic rock were

found in clastic beds in the Subinal Formation and at the
base of the Upper Guastatoya Series, but large quantities
of lava, ash and volcanic detritus do not appear until the

middle of Upper Guastatoya time.

This could indicate a

Miocene or younger age for the upper portion of the Upper
Guastatoya Series.
The Los Sares Formation and Upper Guastatoya Series are
overlain unconformably by a post-Guastatoya basalt cap on
several hilltops near Santa Rita.

This indicates that

volcanism was still active along the Motagua Fault after
deposition of the Guastatoya Series had ceased.

The line

of major volcanic activity probably moved south from the
area of the Guastatoya trough to what is known today as the
Volcanic Highlands Province during the late Tertiary or
Pleistocene Period.

This would indicate that Guastatoya

deposition probably ceased before Pliocene or Pleistocene
time.

The period of the Guastatoya Series deposition thus

probably lies between pre-Miocene or early Miocene time
and the Pliocene or Pleistocene Period.

This range is con¬

firmed by a K/Ar date on ignimbrites gathered in the adjacent
San Agustin Acasaguastlan Quadrangle by Eric Bose.

Environment of Deposition
The Guastatoya Series was deposited in an environment
very similar to that in which the Subinal was laid down.
Both troughs apparently had approximately the same boundaries.
There are no recognizable fragments of reworked Subinal
material in the Guastatoya sediments.

This indicates that

the entire Subinal Formation was buried at a very early
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stage in Guastatoya sedimentation and that subsequent dis¬
turbances within the basin were not severe enough to
exhume the older sediments.

Guastatoya sediments may thus

once have covered the Cerro Monte Verde fault block.
Serpentine fragments are present in the Guastatoya
conglomerates, as are fragments of schist, gneiss, limestone,
diorite and granite.

This indicates that the northern boundary

of the Guastatoya trough lay within the modern Rio Motagua
Valley south of a range of serpentine hills which separated
the basin of deposition from the Sierra de las Minas.

This

same pattern prevailed during Subinal time and the same
fault may have formed the northern boundary of both troughs.
Both troughs were bounded on the south by the fault block of
Cerro Piedra de Cal.
The Guastatoya Series does not contain any red-beds.
There can be three explanations for this: the climate may
have changed between Subinal and Guastatoya time;

the

Guastatoya sediments may have been derived from a different
source area than the Subinal;

oxidizing-reducing conditions

may have changed in the trough.

There is no direct evidence

on the climate during Guastatoya time, but the presence of
black shales in the Upper Guastatoya Series indicates that
a reducing environment may have existed during the deposition
of at least part of the Upper Guastatoya beds.

There is

extensive evidence of changes in the source area of sediments
from Subinal to Guastatoya time.

Most of the Subinal detritus
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came from the Sierra de las Minas north of the trough.

Red

clays which were included in this material gave the Subinal
its color.

The Los Sares Formation, on the other hand,

consists entirely of limestone and intrusive rock fragments from
south of the trough.

The Upper Guastatoya contains an equal

mixture of material from both north and south of the trough
and includes large quantities of volcanic detritus.

Thus

it can be seen that each unit had its own distinctive
mixture of materials from different source areas and that
the red clays which were so common in the Subinal were absent
or greatly diluted in the Guastatoya beds.
Los Sares time was a period of tectonic disturbance
south of the Guastatoya trough.

The basal unit of this

formation shows no evidence of having undergone transport
and may be a portion of a fossil soil or weathering layer,
but the overlying conglomerates are composed of material
eroded from the vicinity of Cerro Piedra de Cal.

The

fragments in these beds are very coarse and angular and
underwent a short period of transport and rapid deposition.
These beds generally contain granite and diorite fragments
exclusively or limestone fragments exclusively.

This

separation of lithologies seems to indicate that each
conglomerate bed had a different source area.

Limestone

forms most of the rock mass south of El Progreso, while
granite and diorite are more common southeast of Santa Rita.
Cerro Piedra de Cal was apparently broken up by faulting at
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this time into small, essentially monolithologic blocks.
Differential movements first elevated a block or blocks of
one lithology, and as these blocks were worn down, a mono¬
lithologic bed was deposited.

The other lithology was then

uplifted, and a second bed of the other rock type was formed.
As alternating lithologies were raised, interbedded mono¬
lithologic conglomerates formed.

The area north of the trough

was apparently stable during Los Sares time, as no detritus
from this area was identified in the formation.
During the time of Upper Guastatoya deposition, the
independent movement of fault blocks south of the trough
ceased, and the entire area north and south of the trough
was subjected to a gradual regional uplift.

The first pulse

was of long duration and produced a coarse conglomeratic bed
at least thirty meters thick.

The detritus in this bed is

of moderate grain size and well rounded, indicating that
uplift was gradual and that transportation was slow and of
long duration.
laid down.

As the uplift ceased, shales were apparently

Numerous minor tectonic pulses again occurred

later in Upper Guastatoya time producing additional thin
conglomeratic beds and occasional sandstones interbedded with
fine material marking periods of tectonic quiet.

The texture

and small percentage of conglomerate and sandstone in the
Series indicates that there was relatively little uplift
during Upper Guastatoya time.
Limestone and black shales were formed during some of
the periods of tectonic inactivity.

Black shales generally
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are produced by very slow sedimentation in a reducing environ¬
ment.

The Upper Guastatoya trough and surrounding areas

were apparently exceptionally stable during the period when
black shales and the limestones were formed.

A thick deposit

of black shale in Quebrada Santa Rita formed during the
longest of these stable periods.
Volcanism began in the basin in the middle of Upper
Guastatoya time.

Rhyolites and basalts apparently were

released as small flows from fissures along the floor of
the trough.

Small intrusive bodies which could have acted

as feeder dikes are common in the Guastatoya Series, but
no volcanic cones are known to have formed.

The intrusive

bodies follow zones of weakness established by the extensive
faulting in the basin.

Ignimbrites apparently flowed through

the trough as glowing avalanches.

As material at the surface

of the flows cooled, it cracked and flaked off, was picked
up again and reincorporated into the flow.

The cooled

pieces of crust were lighter in color than the internal
material, giving the flows a mottled appearance.

Numerous

pumiceous beds were seen which od not show any evidence of
transport.

These may have been ashfalls.

The Upper Guastatoya Series, like the Subinal Formation,
was disturbed by faulting, folding and tilting during
deposition, and most beds can only be traced short distances
laterally.

Cannibalism of old deposits was probably common

and deposition was frequently limited to small pockets in the
trough.

The individual volcanic flows were each limited to

a small area.

For these reasons, the Guastatoya section
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varies from one location to another, and no single column
can represent the history of the entire formation.
The main differences between the environments of Subinal
and Guastatoya time are the changes in primary source areas,
the change in rate and type of uplift, and the beginning of
major volcanism in the later period.
There seems to be little similarity between the
Guastatoya Series and the Padre Miguel Group as described
by Burkart (1965) and Crane (1965).

Both units were deposited

in fault troughs during periods of volcanism, but there are
few other similarities.
compositions.

The deposits have very different

Volcanic rocks are far more prominent in the

Padre Miguel Group than in the Guastatoya Series, which is
dominated by sedimentary rocks.

There is no unit in the

Padre Miguel Group comparable to the Los Sares Formation.
The Guastatoya rocks are a relatively small local

deposit

limited to a single trough and laid down during a period of
regional uplift just as volcanism was beginning in the area.
The Padre Miguel is a much larger, more extensive unit which
covers a large area, filling several troughs.

It was deposited,

possibly later than the Guastatoya Series, during a period
of major volcanic activity.

There appears to have been

little tectonic activity in the area of the Padre Miguel
deposition other than that directly associated with volcanism.
There is no evidence of gradual regional uplift such as
that which typified Guastatoya deposition.

-4oThe bedding is generally much more massive in the Padre
Miguel Group, and induration is more thorough.

The massive

flows of the Padre Miguel may correlate with the postGuastatoya volcanic deposits described below.

Granite Conglomerate
The south flank of Cerro Monte Verde is overlain by an
extremely coarse granite conglomerate in the region of Tierra
Blanca and on several small hills northwest of Santa Rita.
Granite boulders, one meter of more in diameter, are common
in this bed.

The largest fragment seen exceeded three

meters in length and one and one-half meters in height.
Small boulders and cobbles of diorite are also present,
comprising about twenty per cent of the coarse fragments.
The material is well rounded, but most blocks have been
shattered into angular or subangular pieces.
the bed is extremely poor.

Induration of

A loose brown sand, rich in

quartz and feldspar, forms the matrix material.

The unit

covers a broad area on the hillside, but its thickness is
not known.
The granite conglomerate is essentially indistinguishable
from a typical Los Sares conglomeratic bed.

Both units

contain the same rock types from the same source areas in
the same percentages.

Both were deposited in the same area

south of Cerro Monte Verde.
tion in a similar manner.

Both overlie the Subinal Forma¬
The granite conglomerate is far
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coarser than other known Los Sares material and is separated
from those deposits by an active fault, however, and there
does not seem to be any way of proving that the bed is of
the same age as the Los Sares Formation.

This may be a

younger conglomerate.
A deposit of water-worked gravels and large granite
boulders is exposed along the crest of Cerro Monte Verde.
It apparently accumulated immediately prior to the extrusion
of large quantities of post-Guastatoya volcanic rocks.

This

is apparently a river deposit, indicating that the Cerro
Monte Verde fault block was depressed forming a valley at
the time this sediment accumulated.

Recent Sediments
There are several recent sediment types within the
Motagua and Guastatoya River Valleys.

Alluvial deposits of

coarse sand and conglomerate line rivers and streams, while
gravels cover the floors of most of the quebradas in the
area and terraces along the river.

The gravels contain

pebbles, cobbles and boulders of all the rock types upstream
from the deposit.

The matrix is generally sandy and micaceous

and induration is poor.
High-level terraces were found along several rivers and
quebradas in this area.

These terraces are covered with

deposits which resemble the alluvium, but they are located
at elevations far above the present drainage level.

Their
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presence shows that the area has been undergoing gradual
uplift in recent time.

A series of these deposits on the

south side of the lower Guastatoya river valley contained
a lithology common west of the terraces.

These gravels

must have been deposited by an eastward flowing stream which
occupied the lower Guastatoya Valley before the modern
/

westward flowing Rio Guastatoya formed.
Recent landslide deposits may be seen at various places
around the rim of the basalt cap on Cerro Monte Verde.

Loose

Subinal sands and gravels and occasional cobbles of granite
or diorite are mixed with blocks of basalt in these deposits.

Quaternary Volcanics
A series of Late Tertiary or Pleistocene basalt flows
and ignimbrites caps Cerro Monte Verde and many of the small
hills north of Santa Rita.

These volcanic rocks were deposited

unconformably on Subinal and Guastatoya sediments.
The lowest unit in this series is an ignimbrite which
is visible at two locations along the summit of Cerro Monte
Verde.

The Atlantic Highway roadcut at the crest of the

ridge provides an excellent exposure of two separate flows
within this deposits about three to six meters thick.

The

same unit is also exposed along the western edge of the
basalt on Cerro Monte Verde near the north-south fault.
Erosion is extensive., exposures are poor, and only a thin
layer of material remains at this second location.

Individual
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flows could not be distinguished there.
The material in the beds is hard, dense, and compact.
A dark frothy matrix comprises most of the bed, but numerous
small, light-colored ash fragments are visible aligned along
planes of flow.

No evidence of water-working during or

after deposition was found.

The material probably moved

as a glowing avalanche, much like the ignimbrites in the
Guastatoya volcanic series.

The deposits have been tectonical¬

ly tilted since deposition and the original direction of
flow is no longer apparent in the outcrops.

Since the

ignimbrites flowed as a fluid and would seek the lowest
points in the area, it is apparent that the crest of Cerro
Monte Verde must once have been a low area, a valley floor.
A recent reversal of topography has

taken place

along this range.
Basalt overlies the ignimbrite and caps Cerro Monte
Verde and the series of small hills north of Santa Rita.
Excellent exposures of this basalt may be seen along the
Atlantic Highway, where numerous flows can be distinguished.
Most of these are on the order of one-half meter in thick¬
ness, although thin, platey units and much thicker beds are
also present.

The total accumulation of basalt is very

great and covers a wide area, but no single flow could be
traced any distance.
number of small flows.

The rock mass consists of a large
The source of the material apparently

lay within the ancient valley along Cerro Monte Verde.

A

44

-

-

railroad cut west of the town of El Callejon has exposed
a probable feeder dike.

There apparently were numerous

similar small dikes aligned along faults and fissures in
the ancient valley.
Most of the basalt is fine grained, massive, and dark
red or black.

It is interbedded with small quantities of

acidic material, coarse-grained, red, sandy volcanic flows,
and coarse pumiceous rock, rich in biotite.

Many of the

flows are extremely vesicular, and most have been fractured
by jointing and faulting.

Conchoidal weathering can be seen

in the dike in Quebrada del Astillero.

The massive flows

are replaced in part by thin platey units of fine-grained
brown-black basalt on the western portion of Cerro Monte
Verde.
This series of ignimbrites and basalts closely resembles
the Quaternary volcanic series described by David Crane in
the Jocotan and Timushan Quadrangles.

Both series consist

of massive units of similar lithology and mineralogy aligned
along or paralleling fault traces in tectonically active
fault trough provinces of similar age.

Young Ignimbrites
Recent volcanic activity produced a wide-spread ignimbrite
series which fills most of the modern lowlands near El
Progreso.

This unit is much younger than the volcanic

deposits on the crest of Cerro Monte Verde and conforms to

\
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the modern topography and erosion patterns.

It was de¬

posited after Cerro Monte Verde was uplifted and the former
valley became a ridge crest.
as glowing avalanches.

The material was extruded

No evidence of ashfalls was found

associated with the deposits.
The younger flows consist of light colored grains and
shards of glass and ash with quantities of biotite.

The

beds are generally white or gray, although some have been
stained pink.

Deposition took place in massive layers of

extremely coherent material which now forms tall steep cliffs
and overhangs along rivers and roadcuts.

Evidence of water

working is rare and was seen at very few locations.

At

least three major series of flows, each several tens of
/

meters thick, can be distinguished along the upper Rio
Motagua.

The flat plain surrounding El Progreso is under¬

lain by a mixture of this material and recent river gravels.

Intrusive Rocks
Diorite and granite have intruded the rocks along the
north flank of Cerro Piedra de Cal.

The diorite forms

numerous large intrusive masses between the eastern and
western borders of the quadrangle.

Granite is exposed at

only two locations, one southwest of El Progreso and one on
the border of the mapped area southeast of Santa Rita.
The two intrusive rock types are easily distinguished.
The diorite is generally medium to coarse grained and contains
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a minimum of forty per cent dark green or black mineral
grains or flakes.

Most of the diorite samples appear black

or dark green with scattered light-colored grains.

The

diorite intrusions have produced contact metamorphism of
the limestone which can be seen in roadcuts along the
Atlantic Highway.
The granites are fine to medium grained, and consist
almost entirely of light-colored, white, yellow, or buff
grains of quartz and feldspar.
or flakes of dark minerals.
light red.

There are very few grains

Many of the rocks are stained

Granite is exposed only on the margins of the

valley floor at the foot of the limestone hills.

The margins

of the two mapped granite bodies are covered, and the relation
with the limestone could not be seen.

Similar granites

are exposed in the quadrangle to the east where they are
part of a large migmatite mass.

The migmatite apparently

underlies the limestones of Cerro Piedra de Cal in that
area.

The granites may be part of a pre-limestone unit, or

may be a younger body which altered the limestone at depth.
The age of the granites and their precise relationship to
the limestones in the El Progreso Quadrangle are unknown.
There is evidence of laminar flow along the margins of
the diorite bodies.

Flat crystals and mica flakes are

aligned parallel to the walls of the intrusive masses.

The

limestone adjacent to the intrusions has been baked and
recrystallized and a dark mineral, apparently hematite, has
formed.
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The alignment of the diorite intrusions along an eastwest line suggests that their emplacement was controlled
by fault patterns.

The diorite parallels the major faulting

in the Motagua Fault Zone and borders a major fault along
the foot of Cerro Piedra de Cal.

The intrusion probably

took place along a zone of weakness associated with this
fault.
The exact age of the diorite intrusion is unknown, but
it postdates the lithification of the limestone and predates
the deposition of the Subinal.

Diorite cobbles are present

in the Subinal conglomerates.

GEOMORPHOLOGY
General
The El Progreso Quadrangle is an area of alternating
east-west linear ridges and valleys produced by large-scale
block faulting.

This faulting controls the courses of the

large rivers and has produced a rectangular drainage pattern.
The smaller streams and quebradas frequently cut at right
angles to these faults, and may be controlled by secondary
fracture zones.
River and stream patterns north of the Motagua Valley
indicate that the mountains and foothills there are cut by
northwest-southeast trending fractures.

South of the Motagua

Valley, stream patterns indicate two significant fracture
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systems, one oriented northeast-southwest and the other
northwest-southeast.
There is geomorphic evidence that several fault blocks
in the area have been tilted.

The western portion of Cerro

Piedra de Cal is capped by a flat, partially dissected mesa¬
like erosion surface.

A similar surface is present on the

limestone block southeast of El Progreso.

Here, however,

this surface slopes very steeply to the south.

The block

has apparently been rotated along two north-south faults
near El Progreso and Santa Rita and the southern margin of
the block has been depressed.
Similar tilted surfaces may be seen on several basaltcapped hills northwest of Santa Rita.

The basalt surfaces

generally have been rotated gently to the south.

One small

block east of El Callejon has been depressed greatly and now
is tilted toward the north.

High Level Terraces
Remnants of a terrace have been preserved in the Upper
Guastatoya Canyon south of El Progreso on the pumice which
lines the valley.

The highest elevation of this terrace and

its best preserved portion are in an ash-filled intramontain
basin at Sansare.

The surface can be traced northward and

eastward into the valleys of the Rio Sanarate, Rio Grande,
and Rio Guastatoya.

The surface is well preserved on the

south wall of the Sanarate Valley sloping smoothly from
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Below El Progreso, the preserva¬

tion of this surface Is quite poor.

The gentle slope of

the terrace shows that the viscosity of the pumice must have
been low when it was extruded into the valley system.
Remnants of another terrace system have been preserved
in the Lower Guastatoya Valley.

This system has developed

on hard limestone and may be seen in the mouths of several
large quebradas on the south side of the valley.

The same

surface may be preserved on the north side of the valley as
a break in slope on the easily eroded Subinal and Guastatoya
beds.

Dissection has been very extensive.

The original

surface apparently sloped to the east, i.e. opposite to the
/

direction of the modern Rio Guastatoya.

There are no

ignimbrite or modern river deposits on the terraces.

These

surfaces apparently are remnants of the floodplain of an
ancient east-flowing stream which once occupied this valley.

The El Progreso Plain
A flat plain broken only by occasional hills of pumice
or conglomerate stretches between Cerro Piedra de Cal and
Cerro Monte Verde near El Progreso.

The eastern and western

margins of this plain have been dissected by streams, and
cross-sections show that the plain is formed on a valley
fill of intermixed pumice, gravel, and fine alluvium.
Deposition was apparently sub-aqueous and there is extensive
evidence of water working.

The events which produced this
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surface and the reversal of direction of the stream in the
lower Guastatoya Valley are discussed in the chapter on
geologic history.

Low Level Terraces
/

Steplike erosion surfaces flank the Rio Motagua and
/

Rio Guastatoya.

These were apparently produced in Recent

time during repeated regional uplifts.

STRUCTURAL GEOLOGY
Regional Structure
The El Progreso Quadrangle is located in the Central
American Cordillera, to the north and east of the Volcanic
Highlands Province.

The structure of the mapped area is

dominated by a projection of the southern margin of the
Bartlett Trough.

Structures generally trend west to east

or southwest to northeast in this area.
The Bartlett Trough is a depression in the Caribbean
sea floor between Guatemala and the island of Santo Domingo.
It projects westward into Central America as a large horst
comprising the Sierra de las Minas and Sierra Chuacus fault
blocks.

These blocks lie north of the mapped area.

Structures in the El Progreso Quadrangle are dominated
by the Motagua Fault Zone.

This feature extends from the

Caribbean into the volcanic province of Western Guatemala,
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producing a band of extreme deformation In the central
portion of the country.

Block faulting, folding, jointing,

tilting, igneous activity and possible large-scale strikeslip faulting are all found in this region.

Faulting
The Motagua Fault Zone
Three major east-west faults and numerous small
parallel breaks cut the mapped area between the Sierra de
las Minas and Cerro Piedra de Cal.

An additional fault lies

within the Motagua Valley north of the mapped area.

These

breaks are probably continuous at depth from the western
to the eastern margin of the mapped area, but are covered
at the surface along portions of their lengths by pumice
and alluvium.

Offsets of recent river terraces show that

deformation is still taking place along these faults.
The northernmost of the three mapped faults is located
at the northern foot of Cerro Monte Verde.

It separates the

Subinal sediments of the ridge from the serpentine which
floors the Motagua Valley.

The northern border of the

Subinal-Guastatoya Fault Trough may have lain along this
line.

The earliest known movements along this fault occurred

as the Subinal beds were being deposited and are thus
Cretaceous in age, but the fault may be much older.

The

fault plain dips to the south, and during Subinal and
Guastatoya deposition, the hanging wall was being depressed.
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In recent time this movement has changed, and reverse
motion has occurred, elevating Cerro Monte Verde.

Recent

movements have produced offsets on terraces along this
fault.
The second fault lies along the southern foot of Cerro
Monte Verde.

The fault plain here appears to be vertical.

The earliest known movements along this break occurred
after the deposition of the Upper Guastatoya Series and
helped to uplift an ancestral Cerro Monte Verde.

The block

was later depressed along this fault and became the site
of a river valley in which a late Tertiary or Quaternary
volcanic sequence was deposited.

The motion reversed again

in Recent time and the uplift of Cerro Monte Verde continues
today.
The third major fault is located south of the Motagua
Valley at the foot of Cerro Piedra de Cal.
of the fault plain is not known.

The orientation

This fault formed the

southern border of the Subinal-Guastatoya Trough, and is
the oldest of the three faults.

The earliest known movements

here elevated the block of serpentine along the Motagua
Valley in pre-Maestrichtian time.

Subsequent movements were

involved in the formation of the Subinal fault trough.

The

floor of the trough was depressed slowly along this fault
during Subinal time and then much more rapidly during de¬
position of the Guastatoya Series.

Recent movements here

have continued in the same sense and uplifted Cerro Piedra
de Cal.
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Numerous minor east-west faults cut the area.

Most of

these were too small to map, but two of the larger breaks
were mapped in Cerro Piedra de Cal near the mouth of the
Guastatoya Canyon.

North-South Faults
Two north-south faults have formed a small graben
near Palo Amontonado.

These faults cut serpentine and have

preserved blocks of Chuacus Metamorphics and Subinal sedi¬
ments in the depressed area.
Cerro Monte Verde is cut by a large number of northsouth faults too small to map, and by one large break near
the western edge of the basalt cap on the crest of the ridge.
The western side of the fault has been slightly elevated,
offsetting deposits of Subinal, granite conglomerate,
ignimbrite and basalt.

Landslides border this disturbed

zone.
North-south faulting was suspected at several locations
where no fault planes or offset could be identified.
Exposures were too poor in many areas to prove the existence
of suspected faults.

These locations included a deep

canyon on the northern flank of Cerro Monte Verde south of
Palo Amontonado which may have been formed by a southward
continuation of the graben fault.

This fault may have

weakened the rock, causing erosion of the canyon and landsliding.

Faulting or extensive jointing may also be located

-54in the Guastatoya Canyon and at a col on Cerro Piedra de
Cal south of Santa Rita, but no evidence of movement could
be detected at these sites.

Jointing
Deep weathering of the surface rocks and poor exposures
made direct observation and study of joint patterns im¬
possible.

Geomorphic studies indicated that two major

joint sets were present in the mapped area, one trending
southwest to northeast and the other southeast to northwest.
The Sierra de las Minas are cut by a major set of joints
oriented N 45° W.

Joint studies could not be made in the

Motagua Valley due to poor exposures and recent cover.
South of the Motagua Valley there are two equally important
joint systems oriented N 45° W and N 45° E.
The jointing may be related to deep-seated faulting and
movements in the basement.

The joint systems adjacent to

the Motagua Valley apparently do not continue into the fault
zone.

Exposures are too poor to determine if the joint

systems have been offset by movements along the faults.
Better information on the joint patterns could possibly
provide evidence for or against strike-slip movements in the
Motagua Zone.
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Conclusions
The stratigraphic, geomorphologic, and structural
information on this area shows that it has been highly de¬
formed by major faulting and associated tectonic activity.
The exact nature of some of these movements is not known.
There have obviously been large vertical dislocations both
in ancient and in recent times, some of which can be dated,
but the age of the Motagua Fault Zone and the sense of the
earliest motions are totally unknown.

The size and perfect

linearity of the zone led early workers to believe that it
had been the site of great strike-slip displacements.

No

evidence was found in this study to either support or refute
this idea.

The earliest known movements elevated a serpentine

horst to the surface in pre-Maestrichtian time, probably by
vertical movement, but there may have been earlier or later
strike-slip motions in pre-Subinal time for which no
evidence has been found.

The patterns of motion which can

be identified in post-Subinal time all involve vertical
movements, and there is no evidence of recent strike-slip
faulting in the valley.

GEOLOGIC HISTORY
The earliest events in the geologic history of this
region are largely unknown.

During Precambrian or early

Paleozoic time the area of the Sierra de las Minas was
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covered by a great thickness of sand and shale with massive
lime interbeds.

This mass was lithified, then subjected

to severe metamorphism and igneous intrusion during prePennsylvanian time.

The sediments were altered to the

upper greenschist facies, forming the Chuacus Metamorphic
Series.
South of the Motagua Fault Zone a series of thin sand
and shale units with minor lime beds accumulated.

This

unit was finer grained than the Chuacus Series and contained
far less lime and less massive beds.

The age of these

sediments is unknown, but they were apparently not disturbed
by the pre-Pennsylvanian Chuacus metamorphism, so they are
probably younger than that series.

Following lithification,

the southern sedimentary sequence was lightly metamorphosed
to the lower greenschist facies.

This probably occurred

during the Late Paleozoic, contemporaneous with light
metamorphism at several other locations in Guatemala and
long after the more severe Chuacus disturbance.
The original relationship between the Southern Meta¬
morphic Complex and the Chuacus Series is not known.

The

two units may have been deposited near the areas where we
see them today, or they may have accumulated far from each
other and been brought together by faulting.

The two units

are separated in most places by the Motagua Fault Zone with
the Chuacus Series on the north side of the zone and the
Southern complex on the south.

Strike-slip movements could
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have brought the units together from widely separated
regions.

The nature of the early movements in the fault

zone is not known.
A period of nondeposition of unknown duration followed
the disturbance and metamorphism of the material south of
the fault zone.

This interval ended when a limestone

sequence was deposited in the area of Cerro Piedra de Cal.
No fossils have been recovered from this rock, and the age
of the sequence is unknown.

It may correlated with Permian

or Cretaceous limestones elsewhere in Guatemala.

Following

lithification, the limestone was lightly metamorphosed,
causing recrystallization of the entire mass.
Major block faulting now began in the area.

Two faults

along the edge of Cerro Piedra de Cal and the Sierra de
las Minas were activated and a serpentine horst rose along
the axis of the fault zone (Figure I - Stage 1).

The

material capping the serpentine was removed (Stage 2).
Faulting within the horst split it into independent northern
and southern blocks (Stage 3)•
depressed forming a trough.

The southern block was

Diorite was intruded into a

faulted area along the northern boundary of the limestone
in Cerro Piedra de Cal.
Subinal conglomerates began to accumulate (Stage 4).
The fault blocks surrounding the trough were uplifted and
eroded in a series of pulses, and coarse and fine layers of
sediment were deposited.

The greatest uplift occurred in
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Figure

I

Geologic Development of the Motagua Fault Zone
in the El Progreso Quadrangle

North

South

Stage 1 - Tectonic implacement of serpentine

Stage 2 - Planation of the region

-59Pi gure I (continued)

North

South

Stage 3 - Additional faulting, both serpentine
blocks depressed.

Stage 4 - Subinal deposited.

-6Qthe Sierra de las Minas where large quantities of schist
and gneiss detritus were produced.

Much of this material

was broken up to sand and micaceous mud.

Relatively minor

disturbances in the Cerro Piedra de Cal fault block pro¬
duced small quantities of limestone and diorite fragments.
Serpentine cobbles were eroded from the northern half of
the serpentine horst.

This block was repeatedly elevated,

and at one time formed a ridge which cut off all sediment
from the north and produced a non-micaceous, monolithologic
serpentine conglomerate.
Beds of lime mud formed in the Subinal during periods
of tectonic inactivity.

The muds were frequently disturbed

by minor pulses, and conglomeratic and mottled lime muds
were formed.

During deposition much of the formation was

cut by minor faulting, tilting, and folding, and many
deposits were cannibalized and incorporated into younger
clastic beds.
The climate was warm and moist during most of Subinal
time, but it may have begun to change as the uppermost
Subinal was deposited.

The red color which is typical of

the lower beds disappears in the uppermost portion of the
section.

As Subinal time drew to a close, the Sierra de

las Minas apparently underwent a steady, non-pulsating uplift.
The uppermost Subinal sediments have a uniform, coarse
texture with relatively little variation in grain size
between beds.

Uplift to the south was minor, and there are
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few limestone cobbles in these Subinal beds.
At the end of Subinal time., deposition ceased and the
sediments were uplifted, faulted, folded and eroded.

No

more sedimentation is known to have occurred in the mapped
area until Guastatoya time.
The southern half of the serpentine horst was again
depressed as Guastatoya sedimentation began (Figure I Stage 5).

This may have occurred in pre-Miocene or

early Miocene time.

A granitic body had been exposed on

the southeast margin of the fault zone and was covered by
a thick soil containing cobbles and boulders of granite.
Cerro Piedra de Cal was uplifted, and clastic deposition
began.

The soil and a granite wash were preserved at the

base of the Los Sares Formation under a thick cover of
cobbles of diorite, granite, and limestone.

Continuing

pulses uplifted small blocks south and southeast of the
trough, producing alternating layers of limestone detritus
and igneous rock fragments during the remainder of Los
Sares time.
A brief period of tectonic quiet followed the deposi¬
tion of the last Los Sares bed during which fine material
accumulated.

At the end of this period, renewed uplift

elevated the Sierra de las Minas and Cerro Piedra de Cal
blocks, and Upper Guastatoya sedimentation began.

This

movement was apparently regional, and the new conglomerates
contained a relatively homogeneous mixture of detritus from
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Figure I (continued)

Stage 5 - Guastatoya deposited.

Stage 6 - Additional faulting, uplift of Cerro Monte
Verde.
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both north and south of the fault trough.

As the elevated

blocks were placated, finer material was deposited.

During

periods between uplifts, fine-grained black shales and
limestone formed.

Igneous activity began about the middle

of Upper Guastatoya time.

It rapidly increased in intensity,

and thick sections of basalt, rhyolite, pumice and
ignimbrite accumulated in the uppermost beds of the section.
The individual eruptions were limited in size and consisted
of numerous small flows from local fissures.
cones are known to have formed.

No volcanic

Upper Guastatoya time was

a period of uplift and volcanism alternating with quiet
sedimentation.

Coarse elastics, fine sediments and igneous

rocks are interbedded throughout this series.
Sedimentation ceased in the trough at the end of
Guastatoya time and the rocks were again faulted, folded and
tilted.

Planation may have been relatively complete at

this time.
A period of non-deposition of unknown duration followed
the Guastatoya sedimentation.

The floor of the trough was

faulted, and an ancestral Cerro Monte Verde was elevated
(Figure I - Stage 6).

The Guastatoya cover on this block

was removed and it was depressed, forming a valley.

A river

occupied this valley, depositing extremely coarse gravels
and granite boulders.

Renewed volcanism broke out within

and along the southern margin of the valley, and a series of
ignimbrites was extruded, covering the valley floor.

Much
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of this material was rapidly eroded.

A second volcanic

phase released large quantities of basalt.

These buried and

preserved the river gravels and the remnants of the first
ignimbrite.
region.

After this, volcanism ceased in the El Progreso

All known later volcanic activity occurred to the

south, near or within the Volcanic Highlands Province.
A new period of faulting and uplift followed the cessa¬
tion of volcanic activity.

The Sierra de las Minas and

Cerro Piedra de Cal rose to their present positions and
Cerro Monte Verde was again elevated slightly.

Portions

of the modern drainage pattern were established at this time.
/

The Rio Motagua followed roughly its present course, while
/

the Rio Guastatoya flowed from the south through the El
Progreso Canyon into a deep valley where the El Progreso
Plain is today.

From there it went into Quebrada del
/

Astillero and joined the Rio Motagua near El Rancho.

An

eastward flowing stream from El Florido followed the presentday lower Guastatoya Valley and joined the ancestral
Guastatoya near El Progreso.

This drainage pattern was

disrupted by the final major uplift of Cerro Monte Verde.
The mouth of Quebrada del Astillero was raised far above
the level of the Guastatoya waters and the El Progreso Valley.
Water began to back up, and sediment was dumped on the valley
floor in the area where El Progreso is now located.

At

this time volcanism began to the south near Sansare and a
series of ignimbrites was released into the Sansare Basin.
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This material overflowed from the basin and entered the
valleys of the Rio Guastatoya and Rio Grande.

The El

Progreso Valley was rapidly filled with intermixed ignimbrite
and river gravel as the water level rose.

Water backed up

in the tributary stream from El Florido and broke through
cols on Cerro Monte Verde near El Florido and Terrerito.
The water was released rapidly cutting canyons through Cerro
Monte Verde and establishing a new westward flowing leg of
the Rio Guastatoya in the valley of the old eastward flowing
stream.

This portion of the Guastatoya flows in a direction

opposite that of all the other major nearby rivers.
Erosion was rapid in the new channel, but remnants of the
old floodplain were preserved along the canyon walls.
A stream in Quebrada Santa Rita later established an
independent outlet through the abandoned Quebrada del
Astillero.

The pumice and gravel deposited by the dammed

waters now formed a plain between Santa Lucia, El Progreso
and Santa Rita.
del Astillero.

The sediment reached the lip of Quebrada
Recent erosion and gullying at the edges

of the plain show cross sections of the water-laid sediments.
A channel filled with pumice may be seen on the map im¬
mediately west of the mouth of the El Progreso Canyon along
the foot of Cerro Piedra de Cal.
With these events, the area had essentially assumed its
modern form.

The only recent activity in the mapped area

has been relatively minor regional uplift.

Pumice and
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ignimbrites have been carried into the valley from a source
area far to the west.

These deposits form a series of

terraces along the Rio Motagua.
Incision of the river floodplains has taken place,
with the formation of steplike terraces.

Landslides have

occurred at several locations around the rim of Cerro Monte
Verde.

ECONOMIC GEOLOGY
Traces of copper-bearing minerals were found in the
Motagua Valley southeast of Palo Amontonado near a zone of
faulting.

The fragments may have been caught in the zone

and moved to their present location by faulting.

They do not

necessarily indicate the presence of a major copper deposit
near the surface in this region.

No other traces of copper

were found anywhere in or near the mapped area.
There is little other material in this region which might
prove to be of economic value.

Hirschmann reported that

hematite from the limestone-diorite contact zone is being
mined on a small scale near the village of Subinal.

The size

and potential of this project is very limited.
The mapped area was visited during the summer of 1965
by a government geologic team in an attempt to find vein
quartz which might be useable in the manufacture of glass.
The results of this search are not known.
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APPENDIX A
Stratigraphic Sections of the Subinal Formation

1. Measured at Kilometer
Highway.

76

on the Atlantic

2. Measured at Kilometer 80 on the Atlantic
Highway.

-69Appendix A(l) - Subinal Section measured at Kilometer 76 on
the Atlantic Highway.
Base of section located at foot of roadcut along the
Atlantic Highway near Kilometer 76. Top of section is
in hillside above roadcut.
Cumulative Thickness Description
(in meters)
82^

Red, micaceous, well cemented pebble
conglomerate. Content: limestone 30$,
schist and gneiss 30$, quartz 15$,
serpentine 10$, diorite and granite 5$,
marble 5$, volcanic fragments 5$.

80

Poorly indurated, red micaceous shales
with thin sandy layers.

75

Poorly indurated, interlensing red
micaceous sandstone and conglomerate.

74

Poorly indurated brown to green shale
with little mica.

73

Well indurated, brown to green, nonmicaceous lenticular channel fill
conglomerate.

70

Poorly indurated, red, micaceous shale
with thin sand layers near the base.
Graded bedding.

67

Well indurated, red micaceous sandstone
with thin shaley layers near top. Con¬
tains limonite and feldspar grains and
occasional volcanic fragments.

65

Poorly indurated, red, micaceous conglom
erate. Content: Limestone 35$, quartz
30$, diorite and granite 10$, marble 10$
schist and gneiss 7$, serpentine 7$.
Detrital fragments of indurated red
sediments are common.
Graded bedding from cobbles at base to
sandy top.

6li

Poorly indurated, red, micaceous, fine¬
grained sandstone with occasional
volcanic fragments.

-70Appendix A(l)

(continued)

Cumulative Thickness
(in meters)

Description

6o|-

Well indurated, red, micaceous, fine¬
grained shale with thin sandy layers.

56
Well indurated, red, micaceous sand¬
stone containing detrital fragments of
indurated red sediments.
52
Well indurated, red, micaceous, fine¬
grained shale.
50
Interlensing red micaceous sandstone
and conglomerate.

49
Well indurated, brown, non-micaceous
cobble conglomerate.
48
Red, micaceous, coarse sandstone with
20 to 40 cm. lenses of conglomerate
sized material.
Cross bedding.
42|
Poorly indurated, red, micaceous, fine¬
grained shale.
4l£
Well indurated, green to brown, nonmicaceous sandstone.
Graded bedding
with shale at top of bed.
40
Well indurated, green to brown, nonmicaceous conglomerate.
Content: quartz 40$, schist and gneiss
30$, diorite and granite 15$* limestone
10$, serpentine 5$* Marble was found
in negligible quantities.
Detrital frag¬
ments of indurated red sediment are common.
Matrix contains limonite and feldspar
grains.
36
Poorly indurated, red, very micaceous
shale with 10 to 20 cm. thick beds of
fine-grained sandstone. Matrix contains
limonite and feldspar grains.

301

-

Poorly indurated, red, micaceous sand¬
stone .
Content: quartz 30$, limestone 30$,
serpentine 20$, schist and gneiss 15$,
marble and volcanic fragments 5$.
Graded bedding.

Appendix A(l)

(continued)

Cumulative Thickness
(in meters)

Description

29
Poorly indurated, red, very micaceous
conglomerate.
Content: schist and gneiss 30$, quartz
30$, serpentine 20$, limestone 10$,
marble 5$* diorite and granite 5$.
Graded bedding, cobbles at base, sand
at top.

26|
Poorly indurated, red, micaceous fine¬
grained sandstone.
Matrix contains
limonite and feldspar grains.
25
Well indurated, brown to green, nonmicaceous shale.
Contains numerous
small pebbles.
23!
Very well indurated, yellow brown, nonmicaceous cobble conglomerate.
Content: quartz 35$ * limestone 25$,
schist and gneiss 20$, marble 10$,
diorite and granite 5$* serpentine 5$.
Matrix rich in feldspar grains.

21
Poorly indurated, red, micaceous shale
with 5 to 15 cm. thick beds of sand¬
stone.
19
Poorly indurated, red, micaceous sand¬
stone.

18
Poorly indurated, red, very micaceous
shale with 5 to 10 cm. thick pebble beds.
14
Poorly indurated, red sandstone.
Pine
grained at base becoming coarse grained
at top of bed.

12
Red, micaceous, fine-grained shale.

11
Poorly indurated, brown to green, nonmicaceous coarse grained sandstone.
Cross bedding.

9
Lenticular brown channel fill conglom¬
erate .
Content: limestone 30$, quartz 30$,
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(continued)

Cumulative Thickness
(in meters)

Description

serpentine 20$, schist and gneiss 15$,
diorite and granite 5%.

41

-

Red micaceous shale.

2
Red micaceous sandstone.
Graded
bedding from coarse sand at base to
shaley top.

-73Appendix A(2) - Subinal Section measured at Kilometer 80
on the Atlantic Highway.
Base of section located at foot of roadcut along the
Atlantic Highway near Kilometer 80. Top of section
is in hillside above the roadcut.
Cumulative Thickness Description
(in meters)

74
Red., micaceous, coarse-grained sand¬
stone. Matrix contains limonite and
feldspar grains and occasional
volcanic fragments.

67i
Red, micaceous shale with 10 to 30 cm.
thick beds of fine-grained sandstone.

631
Well indurated, red, micaceous sand¬
stone. Cross bedding.
64
Well indurated, red, micaceous, fine¬
grained shale.

6l
Poorly indurated, red, micaceous sand¬
stone. Graded bedding, shaley at top.
59
Conglomerate. Graded bedding, cobble
base, sandy top.
Content: limestone 30$, quartz 25$,
serpentine 20$, schist and gneiss 10$,
marble 10$, diorite and granite 5$.
56
Poorly indurated, red, very micaceous
shale with lenses of conglomerate up
to 10 cm. maximum thickness.
54
Well indurated, red, micaceous sandstone.
Cross bedding.
53
Lenticular, brown, non-micaceous channel
fill conglomerate.
Content: quartz 35$, serpentine 25$,
limestone 20$, schist and gneiss 10$,
diorite and granite 10$.

491
Interbedded red, micaceous sandstone
and shale. Beds range from 30 cm. to
ly meters in thickness.

Appendix A(2)

(continued)

Cumulative Thickness
(in meters)

Description

44
Poorly indurated., red, micaceous, fine¬
grained shale.
40
Well indurated, green to brown sand¬
stone.
Graded bedding with shaley top.
37
Conglomerate.
Graded bedding, sandy
at top.
Content: limestone 30$, quartz 25$,
serpentine 20$, schist and gneiss 7$;
marble 7$* diorite and granite 6$,
volcanic fragments 5$»
33
Well indurated, brown to green, coarse¬
grained sandstone.
31
Poorly indurated, red, micaceous, fine¬
grained sandstone with occasional 5 cm.
thick beds of shale.

281

-

Well indurated, red, micaceous sand¬
stone.
Cross bedding.
25sr
Well indurated, green to brown, nonmicaceous conglomerate.
Content: schist and gneiss 35$ > quartz
30$, diorite and granite 20$, limestone
10$, serpentine 5$»
23
Red, very micaceous, coarse grained
conglomerate with beds of pebble sized
material.
Matrix material is fine grained.

22
Well indurated, red, micaceous, coarse
grained conglomerate.
Content: quartz 20$, schist and gneiss
20$, limestone 20$, serpentine 15$,
marble 10$, diorite and granite 10$,
volcanic fragments 5$.

19i
Red, very micaceous shale with 10 to
20 cm. thick beds of sandstone.

-75Appendix A(2) (continued)

Cumulative Thickness
(in meters)

Description

13
Well indurated* brown to green; nonmicaceous pebble conglomerate. Top
and bottom contacts of bed are
extremely sharp.
10
Poorly indurated; red; micaceous; fine¬
grained shale.
7i
Red; micaceous sandstone. Graded bedding
from coarse sand at base to shale at top.

APPENDIX B
List of Fossils Identified in Subinal Limestone

-77Appendix B(l) - Assemblage of fossils collected by Eric
Bose from limestone bed at base of Subinal
Formation near Palo Amontonado. Biostratigraphic analysis performed for Eric Bose
by Emile Pessagno, University of California,
Davis.
Sample No. EB-675-A
a.

Red or pink calcilutite:
Lepidoribitoides sp.
Omphalocyclus (Torreina) torrei (Palmer)
Kathina jamaicensis (Cushman & Jarvis)
Sulcoperculina dickersoni (Palmer)
*Globotruncana elevata Brotzen
*Globotruncana duwi Nakaddy
*Globotruncana conica White
Globotruncana stuarti s.s. (de Lapparent)
Globotruncana trinidadensis Gandolfi
Abathomphalus mayaroensis (Bolli)
Fragments of calcareous algae cf. Archaeolithothamnion

Stratigraphic determination: Globotruncana contusa -stuartiformis.
Assemblage Zone: A. mayaroensis
Subzone: Late Maestrichtian.
b.

Light grey calcilutite with rudist fragments.

Sample No. EB 675-B
a. Pink calcilutite pebble:
Sulcoperculina dickersoni (Palmer)
Kathina jamaicensis (Cushman &Jarvis)
Omphalocyclus (Torreina) torrei (Palmer)
^Globotruncana gansseri Bolli
Stratigraphic determination: Globotruncana contusa -stuartiformis
Assemblage Zone: G. gansseri
Subzone to A. mayaroensis
Subzone (lower part):
Middle Maestrichtian - Upper Maestrichtian.
b. Gray calcilutite containing fragmentary remains of
radiolaria probably replaced with CaCO^.

-78Sample No. EB 200
Buff calcarinite pebble
Sulcopercullna dickersoni (Palmer)
VaughanIna cubensis (Palmer)
Indeterminate arenaceous benthonic foraminifera
Common mollusc and rudist fragments.
Stratigraphic determination: Late Campanian ?; probably
Maestrichtian.
Sample No. EB 601
Fragmentary remains of bryozoans, radiolitid rudists

Sample No. EB 329
Badly recrystallized.

Occasional mollusc fragments

Sample No. EB 603
Abundant benthonic foraminifera - probably recrystallized
Miliolids
Sample No. EB 604
Miliolids
Heterohelix sp.

(rare)

Sample No. EB 606
Miliolids
Sample No. EB 421
Mollusc fragments and occasional Miliolids

Sample No. EB 476
Miliolids
Orbitolina? fragments
Hedbergella? sp.
*Planctonic foraminifera.
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Appendix B(2) - Identification of fossil echinoid collected
by Eric Bose from limestone bed at base of
Subinal Formation near Palo Amontonado.
Analysis performed for Eric Bose by Porter
M. Kier, Smithsonian Institution, Washington,
D.C.

Sample is genus Goniopygus agassiz.
Range: Jurassic to Eocene.
Resembles Goniopygus zitteli Clark from the Edwards
Limestone of Texas.

This is of Comanche Age,

ranging from upper Lower Cretaceous to lower
Upper Cretaceous.

-80Appendix B(3) - Identification of nerinea fossils collected
from limestone bed at base of Subinal
Formation near Palo Amontonado.
Analysis performed by Dr. Norman Sohl.

Letter from Dr. Norman Sohl., dated 5 April 1967:
"My best guess is that they belong in the genus
Plesioptygmatis, a long-ranging Middle to Late Cretaceous
form.

They are large with a proportionally stout, solid

columella, which is a feature that suggests that they are
more akin to the Albian-Cenomanian species such as P.
bicinta (Bronn) of the Cenomanian of the Tethyan region.
Certainly they are not like the delicate types such as
P. burckhardti that we find in the "Lower Senonian" in
Mexico."
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APPENDIX

c

Stratigraphic Sections of the Guastatoya Series

1. Upper Guastatoya Series in Quebrada Los
Sares and Quebrada Santa Rita.
/

2. Upper Guastatoya Series along the Rio
Guastatoya west of the Atlantic Highway.
3. L9wer Upper Guastatoya Series along the
Rio Guastatoya near Las Morales.
4. Los Sares Formation in Quebrada Los Sares
west of Santa Rita.
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Appendix C(l) - Upper Guastatoya Series in Quebrada Los
Sares and Quebrada Santa Rita.
Base of section located at intersection of Quebrada
Los Sares and Quebrada Santa Rita. Top of section
is a fault at top of black shale separating Guastatoya
Series and Subinal Formation beds.
Cumulative Thickness Description
(in meters)
?

Very fissile black shale.
Cut by numerous small faults and shear
zones. Bedding highly disturbed and
original thickness impossible to determine.
Present thickness 1^ meter. Unfossiferous.
Cobble conglomerate and interbedded sand¬
stone. Contains large quantities of
volcanic detritus with large fraction of
limestone, diorite and granite, and lesser
amounts of schist and gneiss, serpentine,
and marble.
The deposit has been stained red by
detritus washed from the overlying Subinal
beds.
Matrix appears to be non-micaceous, fine
grained, grey in color and rich in fine
volcanic detritus.
Deposit is moderately well indurated and
has been subjected to moderate weathering.
Highly disturbed and faulted so that
original thickness cannot be determined.
Present thickness exceeds two meters.
Unfossiliferous.

?

Covered interval of unknown thickness.
Possibly shale deposits.
?

Light green ignimbrite.
Very dense and hard matrix containing
fragments of very light green to light
yellow green pumice and ash.
Very fresh, little evidence of weathering.
Apparently disturbed by faulting, total
thickness not known, exceeds two meters.
?

Covered interval of unknown thickness.
Possibly shale deposits.

-83Appendix C(2) - Upper Guastatoya Series along the Rio
Guastatoya west of the Atlantic Highway
bridge.
Base of section located at irrigation ditch along foot
of cliff cut by Rio Guastatoya west of Atlantic High¬
way bridge.
Top of section is top of cliff.
Cumulative Thickness
(in meters)

45

Description

Orange brown to green shale interbedded
with fine grained sandstone.

37
Fine-grained black shale.
36
Poorly cemented* fine-grained brown
sandstone.
33

Possible missing section; fault
Well indurated, fine-grained green to
brown shale.

25!
Dark grey calcite limestone.
24
Poorly cemented; brown orange sandstone.
Graded bedding.

21
Poorly cemented conglomerate.
Graded
bedding.
Content: quartz 30$; limestone 30$,
schist and gneiss 20$; granite and diorite
10$; serpentine 3$>> marble 5$*
19
Dark gray calcite limestone.

18
Fine-grained black shale.
17!

m

Well indurated, brown to green micaceous
sandstone.
Cross bedding.
Well cemented tan shale.

13!
Poorly cemented; coarse-grained sandstone
containing volcanic detritus.
Graded
bedding.
10
Well cemented brown to orange brown
conglomerate.
Content: serpentine 25$; quartz 20$; diorite
and granite 15$^ limestone 15$> schist
and gneiss 15$; volcanic fragments 10$.
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(continued)

Cumulative Thickness
(in meters)

Description

5i
Green shale.

3
Well indurated* fine-grained* light
brown sandstone.
Cross bedding.

-85Appendix C(3) - Lower Upper Guastatoya Series along the Rio
Guastatoya near Las Morales.
Base of section located^at river level at foot of
river cut cliff along Rio Guastatoya, \ kilometer
east of Las Morales. Top of section is crest of
ridge south of Cerro Monte Verde.
Cumulative Thickness Description
(in meters)
30

Very well cemented conglomerate
Percentage composition: quartz 20-40$,
limestone 20-30$, diorite and granite
10-25$, serpentine 10-20$, schist and
gneiss 10-20$, volcanic fragments 010$, marble 0-10$.
Grain size: cobbles and smaller.
Detritus is fresh and weathering has
not penetrated to any depth.
Matrix: brown to orange-brown, little
mica.
Bedding surfaces are difficult or
impossible to identify.
Base of unit is buried and top eroded,
so original thickness may have been
much greater.
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Appendix C(4) - Los Sares Formation in Quebrada Los Sares
west of Santa Rita.
Base of section located in Quebrada Los Sares at foot
of hill immediately west of Santa Rita. Top of section
located in Quebrada Los Sares west of hill west of
Santa Rita.
Cumulative Thickness Description
(in meters)
?

Interbedded granite-diorite conglomerates
and limestone conglomerates.
Content: 75-80$ beds containing 90-95$
diorite and granite fragments * 5-10$
limestone fragments, 20-25$ beds con¬
taining 80$ limestone fragments and 20$
diorite and granite fragments.
Lithology: Diorite; predominately dark
mineral grains and dark mica flakes with
20-30$ light minerals.
Medium grain size.
Granite: two types, yellow-brown to pink,
fine grained, containing large quantities
of quartz and pink and white feldspars,
with little dark mica, very lightly
weathered, and white to light brown, medium
to coarse grained, containing quartz and
white feldspars with small quantities of
dark mica. Very deeply weathered with
extensive deterioration of feldspars.
Limestone, light gray, medium to coarse
grained.
Unfossiliferous, extensively recrystallized.
Grain size: very coarse, granite fragments
frequently exceed one meter in diameter,
diorite and limestone fragments occasional¬
ly exceed 40 cm. in diameter.
Most fragments are well rounded.
Matrix: brown to gray, fine grained,
non-micaceous.
Very poorly indurated, lightly weathered.
Bedding and dip are totally impossible to
identify and total thickness cannot be
determined. Appears to exceed 25 meters
in thickness.

?

Covered interval of unknown thickness.
Possibly shale deposits.

87

-

-

Appendix C(4) (continued)
Cumulative Thickness
(in meters)

Description

Monolithologic granite cobble conglom¬
erate .
Red-brown to yellow-brown fragments of
fine to medium grained granite containing
white and light colored feldspar and
quartz with occasional dark mica flakes.
Grain size: 30 cm. and smaller, sub-round
to angular.
Matrix: red-brown to brown granite wash
and fine detritus.
Very poorly indurated,
very deeply weathered with deterioration
of feldspar in the matrix and many of
the boulders.
Bedding and dips were impossible to
identify, and the total thickness is
not known.

