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PREFACE

During the summer of 1980, the 9th Caribbean Gecloglc Conference plans to meet on the
island of Hispaniola in Santo Domingo, Dominican Republic. This event will bring to that
island, for the firse time in history, a large number of geologists, geographers, onining
engineers, and other professional scientists from many countries, many of whom will discov-
er msolved geologic problems of interest im a country of great ecomomic promise.

Hispanicla is the last Caribbean island having Ygeologic frentiers," i.e., great ex-
panses of terrain unknown geologically. During the past five years, it has become evident
to Caribbean geclogists that this island will become a focal point for geologiec work in the
Caribbean (Intergovernmental Oceanographic Commission, 1975; Burke and Fox, 1977; Weaver,
1977). As noted in Weaver (1977, p. 137), "Hispaniola is the hub, or "gtructural knot,"
where the Cayman Trench, the Nicaraguan Rise, the Cayman Ridge, the Puerto Rico Trench, the
sastern Greater Antilles, the Beata Ridge and the Bahamas-Cuba intersection zone meet....
Thus this regiom probably holds the key to a proper tectonic interpretation of the northerm
margin of the Caribbean plate" (Fig. A).
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Figure A. Physiographic features of the Caribbean (after Fink, 1968).

During the past 20 vears, Hispaniola has begun production from several important ore
deposits; bauxite is being mined by Reynolds Haitian Mines in Haiti, and by Alcoa in the
Dominican Republic. By virtue of the operaticns of Falconbridge Dominicana, the Dominican
Republic is now the fourth ranking producer of nickel among nom-communist natlions, and the
country currently has the largest open-pit gold mine in the world with a projected annual
production of 350,000 oz of gold (Gisselman, 1977)}. Some of the world's finesat amber depos-
itz are mined in northern Dominican Republic (Zahl, 1977). Potential mineral development
for the island is not fully known, but exploration has discovered prospects for gold, silver,
titaniferous sands, manganese, molybdenum and copper. For a review af the mineral situation,
the reader i referred to Cuild and Cox (1977), Llinas (1977), Sisselman (1977), and Kesler
{1978). Although there is no current oil production om the island, several companles were
actively exploring during 1977-1978 {Amato, 1978). Mineral and petroleum interest in the
igland is increasing, and the mineral developments since 1958 have already helped relieve
gtrains om what was primarily a sugar economy.

With these developments in mind, we have gathered three geclogic studies in this wol-
ume, done in the Dominican Republic and completed prior to the rise and general acceptance
of the plate tectonics and sea-floor spreading concepts. The three papers are condensations
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of unpublished Ph.D. theses; two from Hess' Princeton group (Palmer, 1963; Wagle, 1966) are
geologic in content, and a third (Antonini, 1968) emphasizes physical geography but is im-
portant to geologlsts in that it contains geologic information which overlaps with and builds
uponi Palmer's study. All three writers were in agreement that theilr manuscripts should be
left in the context of the time during which they were written, so that no attempt has been
made to adapt them to fit popular tectonic models or to incorporate the later studies dis-
cussed below.

Palmer's study area adjoins the area studlied earlier by Bowin (1960, 1966; this volume,
frontispiece), and these two share with Antonini an attempt to build a common stratigraphiec
column. In this publication we have maintained the precedent set by Cooke ({n Vaughan et
af., 1921) concerning the spelling of Tabera Formation, although that unit was named after
the towmn, Tavera, south of Santiago. Magle's study area (this volume, frontisplece} is om
the north coast of the island, separated from the others by the Cordillera Septentriomal, so
that his stratigraphic column was developed independently from the others. Both Palmer's
and Nagle's field work was done at a time when good topographic maps were not available, the
road network was poor and the stratigraphic column unknown except for portions of the Terti-
ary. Palmer replotted his geologlc map for this publication on topographic maps {Elr;l!
E733), which became available during the late 1960's. The newer topographic maps were also
used as a bage map by Antonini. Nagle's map has much less control and was left in the orig-
inal state, since later tripa (post-1961) by him to the Puerto Plata area indicated that new
exposures in the area west of Maimon Bay might show a need to remap that area,

gpecial problems from Nagle's paper have been published previously (Nagle, 1971a, 1972,
1974). Antonini has published a shortened version of his paper (Antonini, 1972). HNone of
Palmer's paper has been published.

Gince the field work for the studies in this volume were completed, several publica-
tions dealing with the geology of the Dominican Republic and Hispaniola have appeared. They
are important to mention now, 8o as to set in time context the papers published herein.
Several were mentioned in a review prepared by Hagle, which was published in a condensed
form in Burke and Fox (1977, p. 14-16).

Over a number of years, Nagle has developed the idea of Cretaceous southward subduction
under the north coast of Hispaniola with associated mélange production and metamorphism
(Nagle, 1969, 1970, 197la, 1971b, 1972, 1974), a process which involves rocks from the Fuer-
to Plata area on the north coast and those mapped by Bowin (1960, 1966), Palmer (thia volume)
and Antonini (this wolume) in central Dominican Republiec. Perfit &f af. (1978) describe ig-
neocus and meramorphlc rocke dredged from che Puerto Rico Trench, similar to those found a-
long the strike on the north coast of the Dominican Republic. Thev have extended the dual
metamorphiec balts described by Wagle (1974) 300 km farther to the east.

Bowin {1975} has suggested the possibility of an earlier period of northward subduction,
preceding the episode of southward subduction, to explain relationships in the central por-
tion of the country. Both of these models and others are speculative, however, because of
lack of radiometric and paleontologlc ages, especially along the north coast. Nagle is cur-
rently attempting to obtain F-Ar radiometric ages for lgneous rocks in that reglon. Bracey
and Vogt (1970) have suggested that part of northeastern Hispaniola is currently being un-
derthrust from the north, based on earthquake distribution and first-motlon studies, whereas
Ladd ef af. (1977) propose late Tertiary. subduction from the south, under the Muertos Trench,
from seismic reflection records and suggest that this subduction may still be godng omn today.
There is the possibility, then, of four different subduction events affecting the geology of
Higpaniola.

Blesch (1967) compiled the most complete geologic map of the Dominican Republic for
that time. Among regional studies completed since then, Llinas (1972), Eesler and Speck

(1973), Feigenson and Lewis (1977), and Michael and Millar (1977) lend hope to the possibil-
ity of a new compilation.

The works of Bowin (1968, 1971, 1975, 1976) and Reblin (1973) summarize the gravity da-
ta of Hispaniola. There has been no published magnetic survey of the island.

Of great importance to the later tectonic history of the island is the distribution of
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post=-Eocene volcanie rocks, most recently commented upon by MacDonald and Melsen (1969) and
Donnelly (1%71). The distribution of these rocks iz not well known and, therefore, they
cannot yet be related to the purported late Tertiary subduction events (Bracey and Vogt,
1970; Ladd ef af., 1977).

Both Weyl (1966) and EKhudoley and Meyerhoff (1971) contain useful geologic data on His-
panicla, but the latest and most complete review of the geology of the island is that by
Bowin (1975). Since that time, Kesler and his colleagues (Kesler ef af., 1975: Kesler ei
af., 1977; Kesler and Sutter, 1977) have added many radiometric ages and chemical analyses
of intrusive rocks to published geologic history of the island. One result of their work
is that attention has been focused on the oldest rocks (120 m.y.); at the time they were
formed, there was apparent simultaneous igneous activity and regional metamorphism.

Currently, there are several important geologic studies in progress. John Lewis and
his students at Ceorge Washington University have mapped several key areas in the western
Cordillera Central in collaboration with scleantists at Universidad Catélica Madre y Maestra
in Sanclage, Dominican Republic. Brian Redmond (Wilkes College) is completing a sedimento-
logical study in the Cordillera Septentrional and has "rediscovered" basement (volcanic,
metavoleanic, and plutonic) rocks near the Pedro Garcia area in the Septentrional range.
These basement rocks may one day provide a link between similar rocks already known in the
Puerto Plata area (Nagle, 1966, 1974, this volume) and these in the areas mapped by Bowin
(1960, 1966), Palmer (1963, this wolume), and Antonini (1968, this volume). John Lewls and
Steve Kesler (University of Michigan) are working on the petrolegy, major and minor element
geochemistry, and Sr isotope data of nearly all known major plutons of the Cordillera Cen-
tral. John Saunders (Museum of Natural History, Basel, Switzerland) has launched an inter-
national effort to reexamine the classic Tertiary Cibac sections. Steve Kesler has also
been working on the petrology and distribution of the Los Ranchos Formatiom, & unit cricical
to the interpretation of the Early Cretacecus and which, incidentally, is also the host unit
of the gold deposit mentioned earlier. James Joyce (Northwestern University) is engaged in
a structural study of the metamorphic rocks of the Samana; John Weaver and Alan Smith (Uni-
versity of Puerte Rico, Mayaguez) have done initial recomnsissance in the same region in
preparation for detailed petrologic work and mapping.

Mining companies, oil companies, and Dominican governmental agencies have compiled data
which have not been released for publication. With support from the Dominican government,
mining companies, and the British govermment, the Universidad Catdlica Madre y Maestra has
initiated a training program for students of college lewel geology, as well as genlogical,
metallurgical, and mining engineering.

It is apparent that the stimull from academic interest, rapid economic development,
and an impending international geologic conference will open a new age of exploration in
Hispaniola,

Frederick Nagle

March 1979
Coral Gables, Florida
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ABSTRACT

The 700 square km area of Puerto Plata in the north-central Dominican Republic contains
extrusive and intrusive igneous rocks, as well as sedimentary and metamorphic rocks. The
oldeat are serpentinites, which represent basement upom which the pre-Faleocene Los Caflos
Formation was deposited and which occur as infaulted bodies of two textural types within
this formation: & massive blocky serpentinite and a serpentinite breccla. Both are prob-
ably detached fragments of oceanic crust and reflect different primary crustal textures.
Gabbros asscociated with the serpentinites and the Los Catios Formation are converted to rod+ -
ingites in the vicinlty of serpentinites. All contacts between gabbro bodies and the forma-
tion are faults; however, rodingites do intrude the serpentinites. Both gabbros and ser-
pentinites were faulted into the Los Cafios Formation before the Paleocene, and periodic up—
ward movement of both rock types occurred through the Late Eocene. The Los Cados Formation,
gerpentinites and gabbros occur together near the core of the major antiformal structure in
the area.

The Los Catos Formation consiata of andesite flows and tuffs, with spilites and kerato—
phyres near the base. HRelic glassy textures indicate that the formation is submarine in
prigin. Its exact age is unknown, but it is overlain unconformably by the Paleccene Imbert
Formation. Thickness of the Los Carfos Formation 1s estimated at several km. WNortheast of
the town of Imbert, serpentinites faulted into the Los Cafos contain large tectonie inelu-

.sions of glaucophane schist, actinolite schist and black marble, which probably represent
lower Los Caos Formation or older rocks upfaulted with the serpentinites.

Lying unconformably above the Los Catos Formation is a 1 km-thick succession of fine-
grained, graded-bedded, caleareous tuffs grading upward to vitric andesite and dacite tuffs,
with rare interbedded green radiclarian cherts and thin, white, aphanitic limestones. This
succession, the Imbhert Formation, has been dated as Faleocene-to-Lower Eocene and is sub-
marine in origin.

Middle Eocene rocks occur only as exotic blocks In the San Marcos clistostrome, a sev-
eral hundred meter-thick chaotic clay unit containing boulders of varlous rock types ranging
from Upper Cretaceous (Maestrichtian) to Middle Eocene in age. This unit was tectonically
emplaced instantaneously in the Middle Eocene.

By early Late Eocene time, part of the area was sbove sea level, the older formations
supplying the first stream-worn detritus te the Luperon Formation in the western portion of
the map area. The Luperon is estimated to be 1 km thick and consists of a coarse basal con-
glomerate with an alternating sequence of calcarecus, tuffaceous, graded-bedded sandstones
and shales containing occasional interbedded bioclastic limestones.

The area was sbove sea level during the Miocene, and no rocks were formed except for
the discontinuous reef-like Isla Limestone. Immediately to the south, east, and west, O0lig-
ocene-Miocene sediments were deposited in a marine basin. Following the Middle Miocene, up-
1ift of the Cordillera Septentrional began, and a detached block of Miocene limestones
slumped north to form Pico de Isabel de Torres.

The dominant structural feature in the Puerto Plata area is a broad, faulted antiform
which trends N 55°W parallel to the north coast of the Dominican Republic and plunges to the
northwest. Normal faulting, slumping, and gravity sliding were the major mechanisms of rock
deformation within the mapped area.



On the basis of the lithologic and tectonic record of the Puerts Plata area, the writer
suggests that the area represents a raised portion of the south flank of the present Puerto
Bieco Trench.

INTRODUCTION
Location

The area described in this report is located in the nerth-central part of the province
of Puerto Plata along the north coast of the Dominican Republic. The intersection of gec—
graphic coordinates 19945'W, 70940'W lies on the southeast flank of Pilce de Isabel de Torres
about 3.2 lam south of Puerte Plata, capital of the previnee and main city in the area {Plate
I).

Metheds and Terminology

During the summers of 1959, 1960, 1961, and spring of 1962, 11 months were spent in the
Dominican Republic field mapping on aerial photographs (scale 1:60,000) taken by Spartan Air
Service of Canada in January 1959. A semi-controlled hase map constructed from the photos
waa used in the field as a compilation map and is reproduced here sg Plate I.

Laboratory studies were carried out at Princeton University and were based upon approx-
imately 1,000 hand specimens and 400 thin sections. Smear mounts on glags glides were x-
rayed using cooper radiation with & Norelee diffractometer at the speed of 2°/minute.

Previcus Work

There is no published geologic map of the Puerto Plata area known to the writer, The
older reports of Gabb (1873) and Vaughan ef af, (1921) are deseriptive works on the geology
of the country. Both reports are interesting mainly from am historical standpoint. In a
paleontological study of the Tertiary foraminifera of the Dominican Republic, Bermudez (194%9)
repoerts a Middle Oligocene date from rocks 4 km southeast of Puerto Plata, a Middle Miocene
date from rocks in a water well in Sosua, one Upper Eocene date and two Middle Oligocens
dates from rocks northeast of El Mamey (5 lm scutheast of Imbert), as well as many Lower and
Middle Miocene dates from rocks in the Cordillera Septentrional to the south of this area of

study.

Acknowledgments

The author gratefully acknowledges the encouragement and counsel given by Professors
H.H. Hess, J.0. Kallickoski, and A.G. Fischer of the Department of Geology, Princeton Uni-
versity. FProfessor Hess suggested the project and visited the writer in the field.

The bulk of field support was extended to the author by Compania Petrolera Dominicana,
William D. Pawley, President. Edward P. Pawley, General Manager, and A.A. Weymouth, Chief
Leclogist of Compania Petrolera, were of assistance in inmumerable problems of logistice and
support. The cooperation of the Instituto Cartografico Universitario directed by Ing. Jose
Joaquin Hungria and the many personal favors extended by Dr. Pompilio Browwer, Director Cep-
eral de Minas y Perroleo, were key facters in the success of the field work.

Offices of Cowpania Minera y Benefieiadora Falconbridge were kindly kept open to the
author, and many personal favers were renderasd by members of their staff during the writer's
stay in the Dominican Republic. The genercus hospitality extended on numerous occasions by
the families of Tomas Pastoriza and Gustavo Tavares of Santisgo are gratefully appreciated.

Field notes from initial recomnaissance work in the Fuerto Plata area done by Carl Bow—
in in 1958 and Bowin's personal enthusiasm éncouraged the author to begin this study. F.J.
Sawkina and C.H. Ware provided able and enthusiastic agslstance during the summers of 1960
and 1961, respectively. Much profit to the writer came from discuseions with fellow gradu-
ate students at Princeton University, chiefly C. Bowin, H.C. Palmer, V.M. Seiders and Lynn

]



Grover, III. Validity of the stratigraphic column presented in Figure 1 is due largely to
the efforts of P.J. Bermudez, W.5., Cole, and J.H. Johnson, who kindly identified fossils
collected by the author.

Financial cost of the project was borne by National Science Foundation Grant Gl4217 to
Princeton University. A portion of the field expenses wag financed by Compania Petrolera
Dominicana. The writer gratefully acknowledges a Woodrow Wilsom Fellowship and a National
Science Foundation Summer Fellowship held while at Princeton Universicy.

ETRATIGRAPHY

Figure 1 is a diagrammatic interpretation of the stratigraphic column in the Fuerto
Plata region. With the exception of the serpentinites, gabbros, and fault brecclas, the
stratigraphic sequence is entirely marine. Few of the successive units are in contact with
one another, and the paleontological dates assigned to the various units may not indicate
the oldest or the youngest rocks in their respective sequences.

LOS CANDOS FORMATTION

Introductlon

The Los Cafics Formation, named for the small settlement of Los Canos 2 km west of Mai-
mon Bay, is the oldest formation in the Puerto Plata area. Its base 1s not exposed, but
from the outcrop pattern it is presumed to lie on a basement of serpentinized peridotite
and is overlain unconformably by the Imbert Formation of Paleocene-Early Eocene age. HNo
diagnoatic fossils were found in the Los Canos, so that its age, other than its stratigraph-
ic pogition, is not knowmn. It appears to occupy the core of a genmerally antiformal struc-
ture. The writer prefers the term 'antiform' as a descriptive term for this overall strue-
ture rather than the term "antlcline,' since the north flank and the core of the structure
are allochthonous and not the result of folding about an axis.

The formation, composed of voleanic rocks, is exposed in sparse nrdinﬂrikﬁnaaﬂly weath-

ered cutcrops. Bedding is rarely cbserved, and hence, thickness of the Los Ca is largely
a matter of conjecture, but it is probably several kilometers.

Mineralogy and Petrology of Los Cados Rocks

Thirty-five samples were studied in thin section and were grouped in the following cat-
egories, listed io approximate order of decreasing abundance: (1) erystal and lithlc ande—
site tuffs; (2) hornblende andesite flows; (3) spilites; (4) feldspathic andesites (kerato-
phyres?); and (5) pyroxene andesite flows. The spilites and keratophyres(?) are more abun-
dant near the core of the antiform and hence appear to be generally lower in the section than
the other types. Inasmuch as bedding is poorly developed in the formation, internal struc—
tural-atratigraphic relationships are poorly known.

The tuffaceous rocks are the most severely weathered in the Los Canbs sequence. The
most commotn wvarlety (andesitic crystal-vitric tuff) is characterized by plagloclase frag-
ments averaging 0.5 mm set in a metrix of devitrified glass converted largely to chlorite,
calcite, and dusty magnetite. Occasional lithic fragmeuts within this variety of tuff are
tuffaceous themselves and in rare cases have the glassy vesicular appearance of devitrified
pumice. They often have chloritized globules and shards, remnants of original glassy struc-
ture, and in two slides the glassy matrix curves arcund crystal and lithic fragments in an
apparent flow structure.

The only pillew volcanic rock known in the Puerto Plata area occurs as a large {50 m =
20 m x 100 m) exotic block in the San Marcos olistostrome on the road between Puerto Plata
and Imbert. Since other varieties of exotie volcanic blocks within the San Marcos are sim—
ilar in mineralogy and texture to Los Canbs volcanics, and no other ages of volcanic £ low
rocks are known in the Puerto Plata area, this block most likely belonge to the Los Catos
Formation.
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Figure 1. Stratigraphic sequence for the Fuerte Plata ares.

Origin

Based on several features, each of which alome could be ascribed an origin other than
marine but which, when taken together, indicate a submarine environment, the writer SUREeAtE
that the origin of all the varieties of alternating tuffaceous rocks and flows of the Los
Caos is submarine. The features indicating this origin are:

(1) the glassy matrix of the tuffs which show strong similarities to the matrix of de=
finite submarine or aquagene tuffs ag described by Carlisle (1963); several exhibit similar
quenching, globulation and pasty flow characteristics;
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(2) vecurrence of spilites and keratophyres within the sequence, for which "contemporary
gecloglcal opinion... favors a genesis in which water, either acquired directly from the sea
during submarine eruption or from sediments prior to eruption, playes a major role in the mode
of golidification of the rock" (Dommelly, 1963, p. 957):

(3) a type of alteration (chloritization and albitization) that would be expected dn a
marine environment:

(4) turbidity current-deposited, graded-bedded, fine-grained tuffs of probable deep-
water origin occurring stratigraphically above the Los Canos;

{5) age of the Los Canos rocks, the oldest in a sequence probably deposited on the oce-
anic crust represented by serpentinites.

Stratigraphic and Structural Relationships

Interrelationships of the varieties of Los Cafos volcanic rocks are unknown. In the
field and in hand specimen, only the spilites and keratophyres can be consistently recogniz-
ed and are distinct from the other varieties. Almost all outcrops of the other types are
greenish-brown, fine-grained volcanics.

The lower contact of the Los Cados has not been positively {identified. Consistent as-—
sociation of the Los Cadbs wolcanic rocks in Juxtaposition with faulted serpentine bodies,
however, lends support to the idea that these serpentinites are basement and represent a
surface upon which volcanics were extruded.

In the eastern portion of the mapped area the Los Canos Formation is unconformably over-
lain by the Middle Eccenae(?) San Marcos olistostrome. There are no rocks repg&senttug the
Paleocene-Lower Eocene Imbert Group in this area. Contact between the Los Canos and San
Marcos is difficult to draw, since the Los Cados volcanics are severely weathered here and
their weathering products look similar to the San Marcos matrix. There are no exotic blocks
in the velcanics, however, as there are in the San Marcos, and this feature was used to de-
termine the approximate comtact.

IMBERT FORMATION

General Characteristics

A speries of tuffaceocus rocks with minor fine-gralned limestones and rare green radiolar-
ian chert is well exposed north and west of the townm of Imbert and is named the Imbert For-
mation in this report. These tuffaceous rocks can be separated into two groups: calcareous
crystal tuffs and vitric tuffs. There are no known lava flows. A particularly cutstanding
feature of both vitric and crystal tuffs is their uniform fragment size, almost always small-
er than 0.5 mm.

Calcareous tuffs occur near the base of the known stratigraphic section and are dense,
fine-grained, light gray to dark gray in color, compacted, medium- to thin-bedded rocks. On
a finer scale, graded rhythmic laminae on the order of 2-3 sm are visible in hand specimen.
In thin section crystal fragments, mostly plagioclase, and lithic fragments, mostly pumiceous
and microlitie, make up 50% or more of the rocks; the remainder is calcite matrix. OQuartz
fragments make their appearance for the first time in the known sectiom in slgnificant a-
mounts, and range between 10 and 15X of the total crystal fragments of these tuffs. In
hand specimen these tuffaceous rocks appear similar to tuffaceous rocks of the Los Carioe For-
mation. Tulfs of the Imbert Formation are distinctly finer-grained, graded, and less altered
in the lower part of the section. Grain size in the calecareous tuff graded laminae ranges
from 0.3 mm to dust. The basal layer of each graded lamina is distinctly darker in color
than the remainder of the layers, due mostly to pyrite dust and partial pyrite replacement
of foraminiferal tests. These basal layers are also richer in foraminiferal remains than the
other laminae.

Calcareous crystal tuffs of the Imbert Formation are best exposed in the stream bed of
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the Los Cacaltos River, about 2 km east of Imbert and north of the old Puerto Plata-Imbert
road. Pelagic foraminifera in two tuffaceous rocks from these exposures have been dated as
Paleocene-Lower Eocene. This age is considered the age of the Imbert Formation in this re-
port, although it approximates only the older portion of the formatilon.

There are rare vitric tuffs within this predominantly calcarecus sequence along the Ca-
caitos River, along with very rare thin, green radiolarian cherts. A general stratigraphic
segregation is evident. White and buff non-calcareous vitric tuffs in the upper portion of
the formation are distinct from the demser, harder, gray, more calcaraous crystal tuffs in
the lower portion of the formation. Transition from calcareous to vitric tuffs is gradation-
al.

The vitrie tuffs are poorly exposed nmorth of Imbert in an arcuate band continuing north
to the coast west of the Isla River. They are neither fossiliferous nor graded but are ex-
tremely fine-grained and have the appearance of white limestones. In thin section vitrie
agh structure, best described as vitro-clastic, is striking. Undeformed, non-welded, con-
cave, devitrified glass shards make up over 30% of the rocks as a rule. Crystal fragments
present are invariably less than 0.1 mm and only rarely is there anything other than plaglo=
clase and quartz. Vesicular pumice fragments and pale browm ta nearly colorless glass frag-
ments are common. These tuffs are reminiscent of the andesitic vitric tuffs of the Los Ca-
nos; however, they contain quartz, are not as severely altered to calcite and chlorite, and
are finer-grained.

Limestones of the Imbert Formation

Thin-bedded (1 cm thick) limestones occur in both the calcarecus and vitric tuff sec-
tiong, In all cases these are dense, turbid, buff or white aphanitic marine limestones with
pseudo-polites and fragments of foraminifera. Identifiable microfossils are more commotn ly
found with the calcareous tuffs rather than the limestones of the Imbert Formation.

Cherts of the Imbert Formation

Two beds of dark green chert are known from within the Imbert Formation. Beth are about
5 em thick and are interbedded with calcareous tuffs near the bottom of the known strati-
graphic section, about 2 km northeast of Imbert. Ome thin section of chert showed scattered
poorly preserved radiolarian(?) tests. sponge(?) spicules and tuffaceous dust fn a chaleed-
ony matrix.

Relationship of the Imbert Formation to Older and Younger Units
and Origin of the Formation

The Imbert Formation lies nearly conformably om the older Los Cafios Formation. Contact
between these two formations 1s consistently poorly exposed. The Imbert is unconformably
overlain by Miocene rocks south of the town of Imbert and by the Upper Eocene Luperon For-
mation to the west.-

Based upon the uniformly fine-grained size of tuffs and limestones, the foesil content
of the tuffs, and the occurrence of radiclarian cherts in the section, a degp—vater marine
origin is proposed for the Imbert Formation.

THE SAN MARCOS OLISTOSTROME

Introduction

One of the major problems of geologic interpretation in the Puerto Plata area is a clay
unit carrying a unique collection of boulders and blocks of varlous sizes and lithologies.
The San Marcos olistostrome was nmot at first recognized as & unit by the author. In the
summer of 1961, Hess (personal communication) suggested that thie chaos was an allochthon-
ous unit and that the blocks were exotie. In the following months, field work indicated
this to be so.

10



The term 'olistostrome® was first proposed by Flores (1935, p. 122) for "...sedimentary
deposits occurring within normal geological sequences that are sufficiently comtimuous to be
mappable, and that are characterized by lithologically and/or petrographically heterogeneocus
materials, more or less intimately admixed, that were aceummlated as a semi-fluid body."

Rigo de Righi and Cortesini (1964, p. 1921) add that "the term clistostrome..., or "slide
accumulation,' indicates a gravity slide emplaced in a sedimentary basin and conformably over-
lying & marine sequence."

The San Marcos olistostrome is interpreted as a chaotic submarine gravity slide contain-
ing blocks with ages older, contemporanecus and possibly younger than that of the unindurated
clay-gize matrix, the whole mass of which was emplaced essentially instantanecusly in a ma-
rine basin. Since this olistostrome is a lithologically distinet, mappable unit and a per-
sistent stratum, it is also referred to in this report as a formation.

Hummocky, mounded topographic expression of the blocks within the S5an Marcos 1s a
particularly outstanding feature of this formation; it is seen in the field and on aerial
photographs. Wise and Bird (1964, p. 12) describe the blocks of the argiffe scaglicse of the
Apennines as a "chaotic littering of the landscape like s¢ many popcorn boxes after a Satur-
day matinee."” This analogy would also apply to the San Marcos,

Stratigraphic Position, Name, Thickness

Foraminifera from the clay matrix of the San Marcos are tentatively dated as Lower Eo—
cene-Paleocene, The surface along which the unit slipped is unkmown, but it was probably a
tuffaceous horizon within the Imbert Pormation. Exotic blocks within the olistostrome range
in age from pre-Late Cretacecus (1) to Middle Eocemne and include serpentinites and roding-
ites, representatives of the Los Canos and Imbert Formations, as well as rocks of unknown
age.

The San Marcos olistostrome is presently distributed over approximately 90 square km in
the central portion of the mapped ares and occupies the core of the major antiform in this
area. The oldest rocks on top of the San Marcos Formationm are the Upper Oligecene-Hiocene
rocks of Pico Isabel. This contact is visible in only one locality knowm to the writer, on
a trail leading from the settlement of Cupey up the south slde of Pico Isabel de Torres;
there the contact is conformable. The bottom contact of the San Marcos olistostrome was not
observed.

The name San Marcos is taken from Rio San Marcos which flows north along the west flank
of Pleo Isabel to Puerto Plata Harbor. Rio San Marcos and its tributaries cut through the
thickest sections of the San Marcos olistostrome, and along their banks are good Tepresenta-—
tive outcrops.

The San Marcos is thickest in the west (minimum thickness 300 m) and thins somewhat to
the east. Exotic blocks are less abundant in the east, but there is ne apparent thioning
or decrease of blocks to the north or gouth.

Blacks, General Description

Exotic blocks within the San Marcos Formation have sharp boundaries with the finer ma-
trix, are invariably angular, show Inconsistent strikes and dips, varied lithology, and range
in size from 2-3 em to 2 km in the longest dimension. Blocks may be found on the slopes of
hills or on top of hille or as boulders im valleys. Any recognizable pattern of outcrop or
lithology is completely lacking. No geologic parameter is continuous or predictable from
one locale to the next.

The most common rock types forming blocks of all sizes are gray tuffs and gray or buff
1imestones. Both are unmetsmorphosed. Also fairly common are blocks of andesite; veined,
fractured and recrystallized limestones; serpentinites; and rodingites (Fig. 2). Approxi-
mately 30 different rock types occurring as blocks have been recognized by the writer. Some
are definitely from the Imbert and Los Cafios Formations and from plder rocks, whereas others
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cannot be matched with known formations. What few dates the blocks have yielded indicate a
range of ages from Late Cretaceous to Middle Eocene,

The Olistostrome Matrix

In the summer of 1961, 50 samples of the San Marcos "clay' matrix were collected over a
distance of about 20 km along the road being built at that time, about 3 km to the south of
Pico Isabel (Fig. 3). They represent the freshest samples of the matrix known in the area,.
The clay is unconsolidated, gray to white in color, sometimes streaked with red hematite,
and lacks bedding or directional fractures, except for cccasional swirling of layers in the
immediate vicinity of a block. The ratio of matrix to exotic block varies from about 1:1 to
3:1; spparently nowhere is the volume of blocks greater than that of the matrix. Since there
is no bedding or marker horizom in the 3an Marcos matrix, it is Impossible to determine what
part of the section was sampled, only that samples in the west were collected from higher
topographic levels than those in the east.
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Figure 2. Exotic blocks of volcaniec rocks Figure 3. Clay matrix of the San Marcos olist-
in the San Marcos olistostrome, west of ostrome. Larger blocks are gray tuffaceous
Fuerto Plata. sandstones. About 4 km west of Carretera Lu-

peron on the road to Cupey.

H-ray diffraction traces indicate that the San Marcos matrix is composed of a mixture
of quartz, kaclinite, montmorillonite, chlorite, and illite. PForaminifera and radiclarians
collected from the matrix were examined by Bermudez (personal communicatlomn, 1961), who i-
dentified only members of the pelsglc foraminifera, Globigerina and Gfoborofalia. In his o-
Pinion the fauna represents a marine, deep-water environment and is of probable Lower Eocene=
Faleocene age, although he notes that the collection "1 insufficient to determine the age.

Origin of the San Marcos Olistostrome

Somé mechanism of subaequecus gravity sliding is the most probable meansa to explain the
chactic San Marcos unit. There is no independent evidence fer a mud diapir, salt diapir, mud
volcanism or other type of activity that might lead te this type of deposit. In reference to
the latter two possibilities, there is no salt and no typical fault pattern usvally associated
with deming; the blocks are larger than any described products of mud volcanism or mud diapirs,
and most significantly, there are blocks carried along in the San Marcos matrix which are old-
er than the matrix. This last feature does not seem to be characteristic of mud volcanoes or
mud diapirs.

The very few dates from the San Marcos matrix are tentatively accepted as indicating the
time of deposition of the original unit, which later became the matrix of the olistostrome.
These dates give an age of Paleocene-Eocene, equivalent in age to that of the Imbert tufface—
ous deposition. It is postulated that the original nature of the matrix was tuffaceous, and
that it actually was a member of the Imbert Formation which was rapldly deposited while main-
taining a high water content as other units buried it. The important feature of this unit is
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the fact that it must have maintained a rather large volume of trapped pore water during and
after burial.

Spontanecus liquifaction due to shock (earthquake?) may have triggered movement of the
San Marcos matrix sometime during the Middle Eocene, causing turbulent flow, destruction of
original stratification, and mass movement toward a marine basin where Middle Eocene deposi-
tion was in process. Blocks were incorporated as more competent younger layers of the Im—
bert Formation ruptured and ware swept into the moving mass. Older blocks from the Imbert
Formatien, the Los Cados Formation, and the serpentinites were torn loose from a submarine
slope where they had formed promontories in the basement, Most perplexing is the fact that
thare are no Middle Eocene gediments mow on top of the olistostrome. Either these sediments
were removed by the Isabel slump block or later faulting and erosion, or there was simply no
pest-5an Marcos, Middle Eccene deposition.

The base of the olistostrome has not been observed. The nature and age of the rocks un—
derlying the olistostrome are the most critical bits of evidence now lacking.

The most likely source of the olistostrome is a few km to the west in the Imbert area,
since it is here that the peridotites, Los Cados Formation and the Imbert Formation are ex-
posed. The San Marcos itself does show an apparent decrease of contalned blocks to the east
and an apparent thinning to the east, alsc indicating a westward source.

LUFEROH FORMATION
Introduc tion

In the northwestern portion of the mapped area there 1s a sequence of unmetamorphosed
sedimentary rocks, herein called the Lupercon Formation. The formation is named for the towm
of Luperon, the nearest major town to good exposures of partial section which ecrop out to the
east of Lupercn on the coastal road between Luperon and Maimon Bay. Parts of the basal mem-
bers are well exposed south and west of the breccla peridotite body at La Isls and can be
reached by foot traverse.

The Luperon Formatiom is a thick (about 1 km) repetitious sequence of poorly indurated
buff and yellow-orange calcareous tuffaceous shales, bioclagtic buff limestones, and calcare-
oug tuffacepous sandstones. Cenerally thick-bedded calcarecus sandstones alternate with thin—
hedded shales and rare limestones. The beds are graded, both on the scala of the internal
structure of individual beds and on a larger scale of several beds in sequence as seen in any
one ocutcrop. Thick=bedded comglomerates form the base of the formation.

The Luperon overlies the Imbert Formation with angular unconformity. Basal units were
observed in only two places southwest of Isla, and in both cases they are very thick-bedded
conglomerates containing rounded pebbles and boulders of volcanic rocks, similar in texture
and composition to rocks of the Los Cados and Imbert Formations. Other than the Imbert For-
mation, the only rock with which the Luperon is in contact is a serpentinite breccia, and
this 48 a fault contact. Presumably, ercosion has removed some of the top portion of the
formation.

The Luperon Formation is exposed at the gently plunging nose of the major antiformal
atructure of the Puerto Plata area (Plate I). Characteristically, it shows gentle dips;: out-
crops often show horizontal bedding. Since the bedding is essentially horizontal, the west—
ern exposures of the Luperon Formation at higher elevatlions must be stratigraphically above
Luperon exposures in the east.

Field Characteristics of the Basal Conglomerates

Conglomerates near the lowest exposed portions of the Luperon Formation were observed
in two localities scuthwest of Isla. Theré are no exposures of conglomerates on the Luperon-
Haiwon Bay read. The conglomerates are very thick (1-3 m) but poorly bedded and sorted in-
ternally. The matrix is light gray to buff in color, consisting of medium to coarse, slight-
ly calcareous quartzoge sand, and is so friable as to make collection In hand sample impos-
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sible. Since outcrops are discontinuous, it was not possible to trace any conglomerate bed
for distances in excese of 100 m.

The larger clasts in the conglomerates are predominantly fine-grained gray limestones
of unknown age and origin. Their size ranges from mearly 1 m down to several cm, the larger
gizes being subangular. The known limestones of the Imbert Formation are rare and very thin-
bedded, yet the Imbert Formatiom is the most likely source of these clasts.

Other rock types forming clasts, uwsually well rounded in the pebble- and cobble-size
range, are volcanlc rocks. Several of these were studied in thin section, and the writer is
fairly confident in stating that there are rocks of both the Los Caros and Imbert Formations
among them. Also noted as clasts were cherts, gabbros (thus, at least some gabbros are pre-
Upper Eocene) and two well rounded coarse pebbles of quartz diorite. There are no known
quartz diorite bodies in the mapped area. The nearest such diorites (tonalites) are approx—
imately 70 km away, across the Cordillera Septentrional and Cibac Valley in the area mapped
by Palmer (this volume). Insplite of the fact that the predominantly Miocene Cordillera Sep—
tentrional would mot have been a topographic barrier during Middle and Late Eocene time, the
tonalites 70 km southwest seem to be an unlikely (but not impossible) source for these round-
ed hand-sized pebbles. Alternative sources might be an undiscovered body within the interior
of the area mapped as Los Caflos, or an unknown source in the relatively unmapped Septentrion-
2l to the south.

Bioclastic Limestones

Occasional thin to medium beds of dense gray fossiliferous limestones occur in the gen-
erally tuffaceous sandstone-tuffaceous shale sequence, usually above the shale and under the
sandstone. A typical example was collected about 8 km southeast of Luperon. In thin sec-
tion this rock proved to be composed nearly entirely of cryptocryvstalline calcite with rare
quartz grains and contains both fragments and whole remaine of organisms. Cole (persenal
communication, 1960} identified the benthonic foraminifera Asteroeyclina minima and Lepide-
cyclina macdonafdi and stared that the assemblage is definitely Upper Eoecene.

Tuffaceous Sandstones

Tuf facecus sandstomes are the most abundant rock type of the Luperon Formation, forming
the thickest (30 cm) beds In the repelitlious sandstone-shale sequence. Thickness of these
beds i3 quite constant from one repetition to the next in a vertical sequence (ranging from
10-30 cm}. Thickness is also constant from one outcrop to the next over distances of 20 km.
Since outcrops are discontinuous and appearances of the sandstone in hand specimen and thin
section are not distinctive, however, correlating any one particular sandstone bed for such
distances will require additional detailed work.

Four well cemented hand specimens were collected and sectioned. All of them contain
foramlniferal fragments and three were dated as Upper Eccene by Cole {personal communica-
tion, 1960} and Bermudez (personal communication, 1961).

Tuffaceous Shales

Fine-grained buff and orange-brown tuffaceous shales and siltstones form the gecond most
abundant rock type of the Luperon Formation and occur as thin- to medium-bedded rocks alter—
nating with the tuffaceous sandstones. Two samples are fossiliferous and were dated by Ber-
mudez {personal communication, 1961) as probable Upper Eocene.

Environment of Deposition and Origin

There is conflicting evidence concerning both socurce area for some of the Luperon clas=
tic material and depositional environment of the clasts. In the writer's opinion, all rock
types are eplclastic. There is little, 1f any, primary pyroclastic material. Basgal con-
glomerate members contain clasts of volcanic and cherty rocks which appear to be weathered
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from the Los Cafos and Imbert Formations. The rather abundant and sometimes surprisingly
large clasts of fine-grained limestone could represent an unknown member of the Imbert For-
mation, but more likely they are intraformational in origin. The scurce for the two quartz
diorite pebbles is unkonwm.

The tuffaceous sandstones, siltstones and shales which dominate the Luperon Formation
have a high quartz content, most grains of which are somewhat rounded and apparently rework-
ed. Somk of this quartz could have come from tuffs in the Imbert Formatlion or keratophyres
from the Los Cafos Formation; in no known case, however, does a rock from either of these
formations contain more than 15% quartz. Perhaps this 1s further evidence for an undiscov-
ered quartz diorite intrusive. Bermudez (personal communication, 1961) has commented that
the fauna from the tuffaceous sandstones indicates a shallow marine environment, whereas that
from the tuffaceous shales indicates a marine deep-water environment. These two rock types
alternate throughout the sequence. The rare bioclastic limestones with their neritic fauna
are also apparently of shallow-water marine origin. The poorly sorted, massively bedded ba-
sal conglomerates probably formed in a near-shore shallow-water marine environment.

Thera are no known Middle Eccene rocks {h S{fu in the Puerto Flata area. This time pe-
riod was probably one of weathering and erosion of the uplifted Early Eocene and older rocks.
During the Upper Eocens, deposition begam again. The shallow portion of the sedimentary ba-
sin was located to the south and east, where conglomerates, together with thick-bedded sand-
stones and the single dated bloclastic limestone, are presently found. The writer suggests
that there were deeper portions of the basin to the north and west, where turbidity cutrrents
might have ereated the rapldly alternating graded sequences leading to apparently contradic-
tory evidence concerning depth of deposition.

Age of the Luperon Format ion

Five samples of rocks from the Lupercon Formation were dated by Bermudez {persomal com-
munication, 1961) and Cole (personal communication, 1960) as Upper Eocene. These samples
are all from western exposures of the formation and represent the age of the middle or upper
portions of the unit but do not necessarily represent the age of the basal unit. The Luperon
rests with angular unconformity on the Imbert Formation, which has been dated as Faleccene
to Lower Eocene. The writer accepts, therefore, an age of Upper Eocene for the Luperon For-—
mation.

OLIGOCENE( 7)-MIOCERE ROCKS OF PLOU de ISABEL dé TORRES
AND THE CORDILLERA SEPTENTRIONAL

Introductlion

Tn the central portion of the mapped area, white, buff, and gray fossiliferous lime-
stones form the highest peak in the Puerto Plata area, Pleo de Isabel de Torres, which rises
800 m above sea level. Focus of the present study was on the age range of the rocks exposed
on Pico Isabel, the contact relationships between these rocks and the San Marcos olisto—
strome, and the age relationships of the Pico Isabel sectlon to the Tertiary rocks of the
Cordillera Septentrional.

Pico de Isabel de Torres

Rock units which form Pico de Isabel de Torres are covered by alluvium om the morth,
east, and west flanks and are interpreted to be in fault contact with the San Marcos oliato=
strome to the south. An attempt to traverse the north slope was unsuccessful. The best
partial section ecould be reached in 1960 from the scuth following an unsurfaced road north
of Cupey to the mountain peak. Exposed rocks are well consolidated, porous, white, buff,
and gray limestones which vary from medium- to very thick-bedded. All the limestomes com—
tained megafossils (corals and molluses) and/or microfossils, although omly the mierofossils
were examined by paleontolopiste. The only other rock type seen is at the base of this sec—
tiom and i= only partly exposed. A fine-grained, greatly sheared and weathered, non-fossil-
iferous shale, it is considered by the writer to be one of the probable units along which
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gravity sliding took place, thus moving the Pico Isabel section from a former, more south-
ern location in the Septentrional to its present pesition.

The limestenes show northern dips near the base of this partial section but southern
dips at the top of the peak, indicating a more complicated structure tham that shown on
Plate I. Since only gentle folding is indicated, fawlting may be more complex than noted.

The entire sequence of limestones from the basal unit to the topmost bed, an estimated
300 m~thick section, has been dated as Miocene. Two older dates; both Oligocene, have heen
reported from other localities on Pleo Isabel, one on the northern flank 300 m ahove sea
level (Vaughan ef af., 1921, p. 123) and another on the eastern flank & km southeast of
Fuerto Plata on Carretera Luperon (Bermudez, 1949).

Tertiary Rocks of the Cordillera Septentrional and Southwest of Sosua

The basal(?) units of the northern flank of the Cordillera Septentrional were chserved
in several localities between Imbert and Carretera Luperom gouth of the Cami River. In most
cases the rocks exposed are isclated blocks of medium-bedded limestones dipping steeply to
the south. The writer interprets these as rotated blocks in the fault zone, which extends
for most of the distance parallel to and immediately south of the southern bank of the Camu
Rivar. Limestones forming one of these fault blocks 2 km east of Imbert have been dated as
Miccene. A conglomerate of probable Miocene age rests unconformably on the Imbert Formation
3 km east of Imbert and probably represents the general relationship of the Miocene rocks to
the older formations prior to faulting and gravity sliding. Lens-like conglomerates of un—
known age are also present at the base of the Tertiary sequence exposed along Carretera Lu-
percn and are noteworthy in that interbedded siltstones contain plant remains, although not
well enough preserved for identification. Limestones several hundred meters higher in the
Septentrional section along the same road have ylelded Miocene dates.

A magsive, gently northward-dipping plate of limestone about 50 m thick crops out south
and west of Sosua. Since the outcrop pattern of this unit is not known, the unit was not
differentiated on Plate I from the Septentrional sequence. Most likely, the Middle Miocene
date reported by Bermudez {1949) from a well in limestone in Sosua came from this unit.
Earlier in this report, the writer suggested a possible correlation to similar massive lime-
stones cbserved only from a distance at higher elevations in the Septentrional south of So-
sua. These limestones lie unconformably on the knowm Miocene section of limestones and
shales.

ISLA LIMESTONE

In the north-central portion of the map area, there is a belt of low-lying, discontin-
uoug, Irregularly-shaped limestone blocks aligned spproximately northwest-southeast 10 km
east and west of Malmon Bay. The blocks occur in a narrow zone about 2 km north-south and
lie unconformably on the Los Catfos Formation on Loma la Bestia, the San Marcos olistostrome,
and a breccia-serpentinite body west of Maimon Bay. The name for the limestone is taken
from the small settlement of La Isla west of Maimon Bay.

The limestone is a dense, gray to white, aphanitic, massive rock. Brecciated and re-
cemented everywhere, it is unstratified and breaks with a conchoidal fracture. Prominent
vertical joints glve outcrops a blocky aspect, and the massive white castellate blocks are
an eye-catching feature of the Maimon Bay area. Thickness of this limestone varies from 5
to 20 m. There are no overlying rocks inm contact with these blocks, except in one case east
of Maimon Bay, where a block rests in alluvium., Most of the blocks are found between 200
and 300 m above sea level, although two blocks east of Maimon Bay and north of the coastal
road lie at approximately 30 m of elevation.

Twenty-five thin sections of this limestone were studied. The brecciated and recement-
ed texture and the rich microscopic organic debris in chaotic distribution make this lime—
atone petrographically distinct from all others in the Puerto Plata area. The mineralogy
is monotonous from one slide to the next, consisting of cryptocrystalline dusty caleite in
the breccia fragments, with clear calcite rhombs filling veins and eracks surrounding the
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fragments.

Seven of the thin sections, cut from basal portioms of the limestome blocks resting on
serpentinite breccia west of Maimon Bay, contain angular and rounded fragments of serpentin—
ite. Some of the serpentinite fragments show weathered rims; in no case can this be miscon—
strued as serpentinite intruding limestone, since the calcite matrix adjacent to the serpen—
tine fragments is entirely unaltered. Occasional weins containing serpentine dust and cal-
cite are present in these samples. The writer was not successful in obtaining material suit-
able for thin sections from the basal portion of the blocks on Loma la Bestia, where weather-
ed fragments of probable Los Cados were observed to be incorporated into the breccia.

Origin and Depositional Environment

The Isla Limestone bears strong similarities in appearance, outcrop distribution, and
internal structure to the moatosd of San Juan in central Venezuela described by Shagam (1960),
Kugler (1953) and Caudri (1944). Shagam considers the mottod to be reef-type limestones;
Caudri has interpreted them as upturned limestones, and Kugler as large slump blocks.

The writer considers the Isla Limestone to be an originally discontinuous shallow-water
marine limestome of probable reef type. The brecciated and recemented rock, containing frag-
ments of algae, foraminifera and other organic remains, suggests the presence of organisms
capable of binding organic debris into a rigid structure. Somewhat complicating this ldea
is the general lack of surrounding sedimentary rocks or evidence of reef debris, facies nor-
mally associated with reefs. Perhaps these were bicherms too small to develop the associated
facies. As mentioned, none of the outcrops 1s bedded; thus, the only apparent alternative,
aside from bicherm development, is that of slump blocks. The writer's major objections to
this formational process for the Isla Limestone are that nowhere is there a likely source
for these blocks and that the blocks are restricted within the map area to a relatively nar-
row strip. The relationship of these small blocks of Isla Limesteone to the probable Middle
Miocene massive limestome 20 km to the east and southwest of Sosua 1s unknowm.

Age of the Isla Limestone

Numerous thin sections of Isla Limestone hand samples were made in an attempt to find
suitable organic material for a paleontologic date. The attempt was unsuccessful. Bermudez
(peraonal commumnication, 1961) reports Milinlidae, calcareous algae, and unidentififed foram—
iniferal fragments. Concerning ecology of the fauna, Bermudez states that it probably re-
presents a shallow-watar marine assemblaga.

The Isla Limestone rests unconformably on the Los Catos Formation (pre-Palsocene), ser—
pentinite breccia (unknown age) and the San Marcos olistostrome (probably Middle Eocene).
Thus, little can be sald concerning the age of the Isla Formatiom, except that it Is post-
Middle Eocene. The writer guesses that 1t 1s Miocene or youmger.

POST-MIOCENE UNITS

Three post-Miocene units were recognized in the map area and appear on Plate I, but lik-
tle time was devoted to their study. The three units are: (1) coastal reef limestones; (1)
fault breceias and alluvial sediments associated with the Maimon graben; and (3) stream al-
luvium.

SERPENTINITES

Field Occurrence

Irregular linear outcrops of serpentinite are common both east and west of Maimon Bay
{northern part of the mapped area) and east of Imbert (southern portion of the mapped area) .
Exotic blocks of serpentinite up to 2 km in length occur within the San Marcos olistostrome.
The Maimon Bay and Imbert outcrops are im fault contact with the Los Cafios, Imbert, and Lu-

17



peron Formatioms. None shows evidence of magmatic emplacement.

In common assoclation with serpentinites throughout the mapped area are gabbros or al-
tered gabbros converted to rodingite near the margins of the serpentinites. The gabbros are
intrusive into both the Los Canos volcanic rocks amd the peridotites, thus are younger than
both. The association of serpentinite, gabbro (rodingite) and rocks of the Los Canos Forma—
tion extends to some of the larger exotlec blocks in the San Marcos olistostrome.

In the field two textural types of serpentinites cam be recognized. The first, termed
massive serpentinite, is characterized by a blocky appearance, greatly fractured and sheared.
Predominantly black to greenish-black in color, these serpentinites commonly show smooth sur-
faces of apple-green serpentine. The only identifiable original wmineral in hand specimen is
the orthepyroxene enstatite, although it is usually altered to bastite. Massive serpentin—
ites are exposed for some & km along the north coast immediately east of Maimon Bay, also in
geveral smaller individual bodies east of Imbert, and as exotie blocks in the San Marcos o-
listostrome.

The second textural type is serpentinite breccia. This variety is characterized by dark
green to black serpentinite fragments varving from microscopic size to cobbles in excess of
lm (Figs. A, B, C) set In a lighter green serpentine matrix. The largest serpentinite body
in the mapped area, in the vicinity of La Isla west of Maimon Bay, is of the breccia type and
measures about & km north-south by 2.5 lm east-west. Other smaller serpentinite breccia. bod-
les occur as distinet unite east of Imbert and as blocks in the San Marcos olistostrome.

Figure 4 (A, B, C). Outcrops of

gerpentinite breccia at waterfall
on Rio Isla, west of Maimon Bay.




Petrography of the Serpentinites

Serpentine Minerals and Textures

The gerpentinites, whether of the massive or breccia type, are made up of 90-100% ser-
pentine minerals. One can recognize thorn or flame textures typlcal of antigorite im both
types, and antlgerite has been positively identified inm the only breccia sample x-rayed.
The thorn texture serpentine is the most common constituent of both fragments and matrix of
the serpentine breccias. The serpentine texture of the massive serpentinite 1s much more
variable, Most sbundant ie mesh texture serpentine (chrysotile?), pseudomorphic after oli-
vine, but also common are bastite pseudomorphas after enstatite, and fragments and minute
veinlets of chrysotile. X-ray diffraction patterns of two massive serpentinites indicated
2 mixture of serpentine minerals with lizardite predominant.

At one locality about 2 km southwest of Puerto La Isla along the Isla River at the lip
of & 20=-m waterfall, limestone fragments occur im the breccia. The fragments are angular,
irtegularly shaped, range in size from 2-10 cm in longest dimension, and are probably of the
Isla Limestone of unknown age, which rests uncenformably om the breccias in patchy distribu—
tien in several localities within 100 m of this outcrop. It is perhaps pertinent that all
samples of the breccia matrix which contain secondary caleite also come from this waterfall
outcrop. The limestone fragments are the only breccla fragments known that are not serpen—
tinites or peridotites and were seen only at this locality.

Sectioning pebble— and cobble-size fragments of the breccla, collected approximately &
lm scuth of Puertoe La Isla in the central portien of the southern lobe of this body, reveal-
ed that the interiors of several fragments (12-15 cm in dismeter) are not serpentinized but
are composed typically of 85% olivine, 10% enstatite and 5% spinel. The outer 2-3 cm appear
similar to fragmentse elsewhere and are serpentinized.

Breccia matrix in this area is extremely sheared. The only moted case of a severely

sheared matrix in the serpentinite breccias, it is alsc one of the few areas Iin which matrix
material is more abundant than fragmenta.

Inclusions in the Serpentinites

In addition to the limestones described above, Inclusions within serpentinites can be
conveniently divided inte three groups. Ome, altered diorite, is represented by only one
known occurrence and will be discussed with the more abundant second group, rodingites, in
a later section on rodingites, diorites and gabbros. Both of these types are intimately as—
sociated with gabbrolc igneous intrusions and invelve an origin which is considered dis-
tinetly different from the origin of the third group: blocks of actinolite schist, glauco-
phane schist, and marble.

Serpentinites east of the town of Imbert contain large blocks of actinolite achist,
gleucophane schist, and black marble which were found nowhere else in the Puerto Plata area.
The blocks are large (several in excess of 30 m by 10 m) and rest in a haphazard manner on
the surface of the serpentinites. In no case was one of these blocks found to be completely
surrounded by serpentinite, and their present apparent random distribution does not repre-
sent a definable contact metamorphic zone of the serpentinites. Three or four smaller blocks
lie pear serpentinites on the surface of weathered Los Cafos rocks. The faect that there are
ne other blocks diluting this rather distinct assemblage and that there is no clay-like ma-
trix evident makes it unlikely that these blocks represent a portion of the San Marcos olist-
ostrome.

Origin of Tectonic(?) Inclusions

Inspite of the extremely limited samples of inclusions observed and the uncertainty as
to their significance, one is tempted to speculate about their origin. The writer suggests
that these rocks represent a small slice of reglonally metamorphosed basement, perhaps al-
tered Los Cados, brought to the surface along fault surfaces together with relatively cold,
solid serpentinites which represent hydrated mantle. Microscopic investigation suggests a
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progressive mineralogical change in rock types from hornblende-andesite-tuff - to - glauco—
phane schist - to = actinolite schist.

The writer favors the iInterpretation of rapid burial of the lower units of the Los Canos
Fermation by succeeding members of the Los Cafios and Imbert Formations im a2 submarine envi-
ronment of low geothermal gradiemt, perhaps an oceanic trench, the trench itself floored by
serpentinite. The only likely place in an island arc setting to produce glaucophane is in a
low heat flow area, such as an associated trench. It is perhaps not entirely colneidental
that one can plet a line through Puerto Plata, Gaspar Hernandez and Sanchez, linking a dis-
continuous linear belt of serpentinites and associated metamorphic tectonic inclusions.

Origin and Age of the Serpentinites

The present crustal environment and attitude of the Puerto Plata serpentinites seems un-
related to their initial mode of origin. What does seem significant is that the serpentinites
are situated near te, or occur in, the Los Canos Formation, the oldest recognized formation
of the area, and that this formation and the serpentinites form the core of the major anti-
formal structure that dominates the Puerto Plata area. Mattson (1960) and Hess (1960) sug—
gested that a similar structural setting for the Bermeja complex in Puerto Ricoe could be in-
terpreted as basement (oceanic crust) brought to the surface in the process of deformation.
Both authors mention a similar tectonie setting for serpentinite occurrences in eastern Cuba
{described by Thayer and Guild, 1947).

For 10l or more years Hess developed and refined the idea of serpentinite as the major
constituent of the oceanic crust on the basis of geologic and geophysical evidence (see in
particular Hess, 1934, 1933, 1959, 1962, 1964)., Occurrences of serpentinite in the Puerto
Flata area, Dominican Republic, eastern Cuba, and southwestern Puerto Rico lend support to
Hess' general thesis In the area of the Greater Antilles. Dredging of serpentinite from the
notth wall of the Fuerto Rico Trench (Bowin and Nalwalk, 1963; Bowin of af., 1966), as well
as from fault scarps on the Mid-Atlantic Ridge (Shand, 1949), is alsc strong direct evidence
for at least scme serpentinite in the cceanie crust.

The writer believes that the discordant intrusive serpentinites of the Puerto Plata
area were relatively cool intrusions representing detached upper mantle slivers and that
they were emplaced essentially as solid bodies. The mechanism of cold intrusion has been
generally thought to be that of plastic deformation of serpentinite, since serpentinite ia
an egpecially weak rock.

Baleigh and Paterson (1965) review the situation and present data on the strength and
behavior of serpentinite at temperatures up teo 7009C and confining preasures up to 5 kb.
"The striking feature of the serpentinite experiments with sealed specimens is the sharp
transition from ductile to brittle behavior that occurs upon increase of temperature ewven
at the relatively high confining pressure of 5 kb" (Raleigh and Paterson, 1963, p. 3977).
The mode of failure is brittle fracture, not general plastic deformatiocn, and brittle frac-
ture as well as subsequent sliding on fracture surfaces (solid intrusion) are possible in
serpentinite at low shear stresses only if appreciable water pressure is in equilibrium with
its mineral assemblage. Ralelgh and Paterson {(1965) suggest partial dehydration of the ser-
pentinite at temperatures of 300 to 600%C, depending upon composition and total pressure,
the water pressure not exceeding total pressure, hence not being lost in appreciable amounts
to surrounding rocks.

Observed behavior of serpentinite under the experimental conditions imposed by BRaleigh
and Patterson provides an explanation for the two textural types of serpentinite bodies in
the Puerto Plata area. The two occur as individual bodies In the same geologic and struc-
tural setting, implying a common origin. The writer concludes, with support from the find-
inge of Raleigh and Paterson, that the two textural types are a reflection of differences in
strength, the massive sheared serpentinites representing somewhat more ductile behavior than
the breccla bedies, which perhaps suffered greater dehydration, thus inducing a more brittle
behavicr. Fresh fractured olivine occurring west of Maimon Bay In large quantities in breec-
cla cobbles seems to support this idea. Ultimately, this strength difference may have been
brought about by small temperature gradients which, sccording to Raleipgh and Paterscn (1965,
p. 3982}, may "produce large gradients in water pressure and, consequently, large gradients
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in strength.”

Tt is of interest that Raleigh and Paterson suggest that their model might be appropri-
ate to explain the serpentinite breeccias of Queensland described by Wilkinsom (1953). There
is little doubt that the serpentinite breccias from Puerto Plata show striking similarities
to those from Queensland, both in hand specimen and thin section. This simdlarity was con—
firmed by Wilkinson (personal communicatiom, 195%)} upon direct observation of hand specimens
from Puerto Flata.

Green (1961) deseribed 5 types of ultramafie breccias from eastern Papua on the basis of
petrography: mesh texture serpentine breccia, antigorite serpentine breccia, peridotite
breccia, gabbro breccia, and basalt peridotite breccia. The Papuan breccias show two modes
of occurrence: (1) irregular and non-linear transgressive breccias and (2} conformable
sheet breccias. Detailed field and petrographic observation, plus several chemical amalyses
on the matrix of the brecclas (Green, 1961), rather convincingly support the contention for
the close association of breceia origin and volcanie aetivity. "The breccias are interpreted
as vent and extrusive breccias resulting from the penetratiom, brecclatlon, and local entrain-
ment (fluildization) of peridotitic country rock by volcanic gasses, Olivine alkali basalt
was probably the parental magma responsible for the gaseous activity" (Greem, 1961, p. 1).

Serpentinite breccias of Puerto Plata do not show such intimate involvement of basalt
and unaltered peridotite and gabbro. Nelther are there any conformable sheet-like bodies
here. Minerals (chaleedony, magnesite, guartz, andradite) which Greem comsiders as having
recrystallized in the matrix due to additions of §i0p, CO2, Alp03, and 07 from volcanic gas-—
ses are not present in the Puerto Plata serpentinite breccias. Brecciation by "fluidization"
seems an unlikely explanation for breccia origin in the presemnt case.

There are several other possible mechanisms for producing breccias, all of which are
considered doubtful in the Puerto Plata area. Fault breccias seem reasonable; however, all
the serpentinites cccur along faults, and only a few are brecciated. Also, the matrix of
the breccia is wsually not sheared, and when it is, the shearing intensity iz not related
to the location of a fault. A sedimentary origin for all the breccias is inconsistent with
the lack of admixed material and lack of bedding. The limestone clasts within the brecclas
in the waterfall lecality mentioned earlier might be a local example of sedimentary origin.
If talus brecciation is involved, one would expect to find a likely nearby source, some
clast component other than serpentine, and some noticeable size gradation. None of these
conditions was observed.

Hess (1962, p. 612-613) suggested that oceanic crust and mantle might fracture and di-
late under ceeanic ridge erests (thus explaining the abnormally low selsmic velocities there)},
since presumably this would be the region where convective flow changes from vertical to
horizontal. As convection continued, these fractured areas would be carried to the ridge
flanks where they would reheal "by slight recrystallization or by depesition from golutions."
Perhaps then one should expect to find some brecciated serpentinites among the fragments ol
detached mantle. If this were the pechanism of origin, one would expect these breccias to
be much more commen, particularly inm island ares which most likely are built on oceanic
cTust, The writer knows of no other examples of breccias of this type described from exist-
ing island arcs.

The serpentinites in the mapped area are considered to be the oldest rocks exposed, in
fact, the oceanic floor upon which rests the entire stratigraphic columm. Most serpentinite
bodies wers probably emplaced at their present stratigraphic level along faults of pre—Im-
bert Formation age and thus are pre-Faleocene, post-late Cretaceous. At least one serpen-
tinite breccla body was emplaced or contimued to move upward in post-Late Eocene time and
is in Ffault contact with the Luperon Formation.

GABBROS, RODINGITES AND DICRITES

Lenticular and stock-like bodies and dikes of gabbre, altered gabbre, and dierite occur
as faule=bounded "intrusives' in the serpentinites and Los © g Formation in the Puerto
Plata region. The only true intrusive contacts found, however, involve small dikes of rod-
ingite in serpentinite (Fig. 5). The majority of the remaining igneous bodies are found
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as: (1) dikes at the sheared contacts
of serpentinites and Los Cafos volcanic
rocks; (2) stocks of gabbro and altered
gabbro in either serpentinite or the
Los Catfos with fault contacts; (3) mi-
nor gabbro-troctolite-serpentinite com—
plexes; (4) allochthonous blocks along
with serpentinite in the San Marcos o—
listostrome.

Ware (1962) gtudied the rodingites
and related rocks found in the Puerto
Flata area east of Malmon Bay, west of
Puerto Plata, and east of Imbert. He
concluded that all rocks originally con-
sisted of pyroxene and plagioclase, and - - e z
in a few cases olivine, pyroxene and . . : K, ', S ™
Plagioclase, although most have since Figure 5. Rodingite intruding serpentinite.
undergone alteration to varying degrees. Atlantic coast, about 3 km east of Maimon Bay.
Ware found that the rocks could be class-
ified as gabbros (including troctolites), altered gabbros, tremolite-rich rocks and roding-
ites. The term 'rodingite' is employed by Ware (1962) and in this report to refer to an al-
tered rock with apprecisble grossularite or hydrogrossularite garnet. The writer is not
familiar with the exact location of Ware's tremolite-rich rocks, but they apparently are two
small unique dikes in serpentinite from the Imbert area. They may very well be altered mi-
crodiorite.

L

Origin and Age of Gabbres, Altered Gabbros and Rodingites

There are several known occurrences of gradation from gabbro to altered gabbro to rod-
ingite within dikes and faulted stocks as the serpentinite countty rock is approached. There
are no known rodingite dikes which are far from serpentinites or which intrude voleanic rocka.
Some rodingites do occupy sheared contacts between serpentinite and volcanle rocks of the Loa
Canos (Fig. 6). ey o e e P

3

De {1960, p. 179} stated that most authors have at-

tributed formation of this rock to the metasomatic alter-
ation of matie dikes by lime-rich solutions released by
serpentinization of a clinopyroxene-bearing ultramafic
rock. As a result of his own work inm Quebec, howaver,
De (1960, p. 1B5) concludes that rodingites form by the
crystallization of gabbros or dicrites in the water-rich
and silica-deficient envirconment of serpentinized ultra-
mafic rocks.

Rodingites originate in more than one way, but all
are asscclated with serpentinites. Schlocker (1960) de-
scribes rodingite developed in a volcano-tectonic in-
clusicon in serpentinite. Chesterman {1960} describes
rodingite developed at a serpentinite-graywacke contact
and Challis (1965) at a serpentinite-amphibelite contact.

As suggested by Ware (1962, p. 44), the gradationmal
sequence menticned, the indication of magmatic tempera-
tures within the center of gabbroic dikes, and lower
temperatures (700°C) near the serpentinite contacts seem
to fit best the mechanism suggested by De and agree with, — .3
his general picture (De, 1960, p. 188) of a continuous gute 6. Altered gabbro and
process of crystallization from magmatic te hydrothermal rodingite complex in fault con-
conditions. The gabbros and rodingites, then, are temta- tact with Los Caffos Formation,
tively comsidered to be older than the Imbert Formation Atlantic cocast, about 2 km east
(Paleocene-Eocene) but younger than the Los Cafios Forma- of Maimon Bay.
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tion (Upper Cretaceous or older).

STRUCTURE

There is only a minimum of date to control structural interpretation of the Puerto Placa
area. Strike and dip information on the Los falos Formation is sparse, due primarily to the
generally massive structure of individual units and deep weathering of the entire Formation.

The dominant structural feature is a broad intensely faulted antiform, which trends a-
bout N 55°W parallel to the north coast of the Dominican Republic and plunges to the north-
west. This antiform has apparently served as a locus for the only significant Middle Eocene
episode of folding to affect the Imbert and Los Caros Formations and for mild warping during
the Late Miocene. Folding is not a major mechanism of deformation within the map area.

Oligocene(7)-Miocene rocks are situvated on the north, south and east flanks of the anti-
form, and Upper Eocene rocks are found on the northwest nose. FProceeding inward from the
nose toward the core of the antiform, one first finds arcuate ocutcrop belts of Paleocene
tuffs (Imbert Formation), then Upper{?) Cretacecus volecanle rocks (Los Canics Formationm).

The latter contain fault-bounded bodies of gabbro, which were emplaced prior to the Paleo—
cene. Serpentinites are also within the Cretaceous voleanics, are intruded by gabbros, Te-
present basement rock, and have been faulted inte thelr present positions. The central core
of the antiform is cccupied by the allochthonous Middle Eocene(?) San ‘Marcos olistostrome.

Faults

A major fault, herein named the Camu Fault, which trends approximately H 70 and on
which relative movement was predominantly vertical, extends about 30 km aleng the southern
margin of the antiferm and separates Miocene rocks from the San Marcos olistostrome, Los
{anos Formatien and serpentimite. There are small areas of undated sedimentary rock which
may be older than Micecene at the base of the section on the upthrown side of the fault. The
known fault trace extends from Imbert to 2 km east of Carretera Luperon. A probable west-
ward extension is postulated from aerial photographs. A postulated eagtward extension is
much less definite, since either the fault decreases in displacement in this direction or is
overlain by youmger rocks, or both. The fault plane is not exposed anmywhere. Regarding
movement on the fault, Miocene rocks unconformably overlie the Imbert Formation in one lo-
caliry near Tmherr and are topographically lower tham Miocene rocks immediately to the south.
East of Carretera Luperon, Mlocene rocks north of the fault line are also topographically
1lower than Miocene rocks south of the trace. These instances suggest that the Camu Fault was
active in post-Miocene time and that the relative motion since that time has been north silde
down. Extent of this motion is unknown but is estimated to be several hundreds of meters
since Miocene time.

Bowin (1960, Plate 3) indicates a fault several hundred km long separating the Clbao
valley from the southern flank of the Septeatricnal and showing a relative upward motion of
the Septentrional. This fault truncates rocks of Upper Miocene age in the Cibac Valley, sug=
gesting a similar time of movement there and on the Caou Fault.

On the northern flank of the antiform 10 kam north of the Camu Fault, a second major
fault occurs, the Tamarimdo Fault, with approximately the same trend and similar relative
motion ag the Camu. It extends for & known distance of & km east of Maimon Bay and disap-
pears under Recent alluvium. Probably the same fault or fault zone extends in the form of
two faults 4 km west of Maimon Bay along the northernmmost exposures of the gabbro and ser-
pentinite breccia bodies. These two faults have the same trend, offset en ¢chelon from each
other and from the main fault east of Maimon Bay. Although the fault plane was not observed,
existence of the fault is evidenced by a scarp expressed topographically by higher elevations
to the south and geologically by abrupt termination of outcrops of serpentinite and gabbro
against the Los Eaﬁna, and Luperon Formation rocks against serpentinite. As evidence that
motion on this fault 1s correct &s noted on Plate I, the Isla Limestome of probable shallow-
water origin is now at elevations of 200-300 m south of the fault line trace, whersas two
outcrops of Isla Limestome north of the trace are at elevatioms of approximately 50 m. These
outerops could be talus blocks, however. Time of motion on the fault was certainly post-Late
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Eocene and probably Miocene or later, if the supposed age of the Isla Limestone is Ccorrect .
The Camu and Tamarindo Faults may have been active at the same time.

Several smaller faults shown on Plate T are at the borders of serpentinite or gabbro in-
trusions. Apparent motion along these smaller faults is dominantly vertical, but some strike-
slip motion has been postulated along a few of them to explain the outcrop pattern.

Two parallel faults about 1 km apart, parallel to and colnciding with the esst and west
shores of Maimon Bay, form a narrow graben exteénding about 8 km northeast-southwest through
the central portion of the area., Maimon Bay occuples the northern end of the graben. Avail-
@ble bathymetric charts are not sufficlently detailed to indicate whether this fearure ex—
tends inte the Hispaniola Channel. The southern ends of both faults are ancmalous. Outerop
pattern as mapped indicates some strike-glip motion on both, probably earlier than the for-
mation of the graben. Yet latest relative motion, where observed in ome loecation near each
fault, appears te be vertical. The graben does not extend across the Bajabonico River into
the Cordillera Septentrional. The writer contends that the Maimon graben formed after the
Tamarinde Fault, sometime between the Miocene and present.

Gravity Sliding

At least two episodes of gravity sliding are recorded in geologic history of the Puerto
Flata region. The San Marcos olistostrome event was the first, occurring essentially in-
stantanecusly sometime in the Late Middle Eocene. As suggested, the flow of the San Marcos
was probably triggered by shock liquification of the matrix, the unit then rapidly moving
down a gentle slope, incorporating blocks of contemporanecus and older rocks. Source of the
material was probably to the south or to the west of its present distribution.

A second episcde of downslope mass movement occurred in post-Middle Miocene time and in-
volved the Oligocene (?)-Mioceme rocks of Pico Igabel de Torres, which traveled as a unit
woving over the San Marcos from south to north. Minimum amount of movement must hawve been 4
km, which is the present shortest distance from the flank of Pico Isabel to the Septentrional,
and may have been related to activity on the Camu Fault. The writer suggests that after de-
tachment from the main Septentrional, the Pico Isabel block repeatedly slid either om an un-
stable, periodically reshocked Sam Marcos surface or on its own unstable basal shale members,
of both. BSurface gradient is unknown, but if one assumed that the basal lavers exposed on
Fico Isabel still represent that slope, a 209N slope iz estimated.

Trench Tectonica? - A Regional Problem

The writer proposes that Puerto Plata and perhaps the northeast coast of Hispaniola re=-
present a raised portion of the southern flank of the present Puerto Rico Treach. The rock
record of the map area indicates probable early submarine deposition of wvolcanic flows and
tuffaceous rocks, as well as turbidity current deposits of tuffg and later tuffaceous sedi-
ments. This entlire sequence ranges in age from prebable Upper Cretaceous to Upper Eocene
and was deposited on a serpentinite basement. Some of the earlier hornblende-bearing vol-
canics have been converted to glaucophane schists and actinolite schiets in a low tempera-
ture zone at depth. Dredge hauls from the north wall of the Puerto Rico Trench have indie-
ated a possible stratigraphy of serpentinized peridotite with altered basalt overlain by Up—
per Cretaceous sedimentary rocks, which are in turn overlain by Lower Tertiary sedimentary
racks with minor vitric basalt (Bowin ef af., 1966}. This sequence Is similar to the pro-
posed stratigraphy of the Puerto Plata area.

Deeper portioms of the Puertoe Rico Tremch are approximately 200 km east of the north-
east coast of Hispanicla, but a shallower axial portion of the trench apparently continues
parallel to and 60 to 70 ke north of Puerto Plata, Ewing and Heezen (1955} noted a number
of topographic features in the bottom of the Puerto Rieo Trench which trend approximately
M 55°W, parallel to the northeast coast of Hispaniola. Tt is perhaps significant that the
major antiformal structure, as well as the Camu, Tamarindo, and gravity slide faults in the
Puerto Plata area have nearly the same trend.

Gravity data shown by Lyons ({n Eardley, 1962) indicate an extension of the trench axis
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to the north of Hispaniols and = negative isostatic anomaly (about -60 mgal) for Puerto Plata
and the northeast coast of Hispamiola. This is higher than the -180 mgal anomaly over Bar-
bados on the raised southern extension of the trench. The writer suggests that this differ-
ence reflects the trench flank location of Puerto Plata as opposed to the trench axial loca=-
tion of Barbados.

Accepting Hess' (1938) general contention that trenches have a root and must be held
down by downward stress for fairly long geologic periods, the writer was surprised not to
find evidence of any significant folding in response to compressive forces. Instead, the
geology of the Puerto Plata area indicates that extension, normal faulting, slumping and
gravity sliding, and turbidity current deposition were the dominant tectonic processes.
Studies of oceanic trenches indicate that normal faulting and slumping are important trench
flank characteristics (Bowin ef af., 1966; Roass and Shor, 1965; Ludwlg ol af., 1966).

Sykes and Bwing (1965, Fig. 1, p. 5070} plotted earthquake eplcenters for the Caribbean
region during the time interval 1950-1964 and noted a greater seismicity of the south side
of the Puerto Rico Trench as compared te the north side, a trend which continues along the
northeast coast of Hispaniola. The authors suggest (p. 5066) "that two or more selsmic belts
may converge at the eastern edge of Hispaniocla." The writer postulates that one of these
belts represents the fault trace of the south side of the present Puerto Rico Trench which
passes through the Puerto Plata area.

GEOLOGIC HISTORY

Turing Lg:e Cretacecus(?) volcanism, spilite, keratophyre and andesite flows, and tuffs
of the Los Canos Formation were deposited om a serpentinite basement. As a thickness of ap-
proximately & km of volcanic rocks accumulated, the basal portions of the Luampaﬁbs WEere con-
verted into glascophane and actinolite schists. During folding of the Los Canos Formatiom
near the end of Cretaceous time, slices of serpentinite basement, some intruded by gabbro and
gome containing metamorphosed blocks of lower Los Candbs, were faulted into upper Los Catfos
rocks., Some serpentinites continued to move upward alomg faults until the Late Eocene.

Volcanism changed during Paleocene-Early Eocene time from intermixed flows and tuffs to
entirely pyroclastic tuffs, although the enviromment was still submarine. The Imbert ande-
site and dacite tuffs were deposited unconformably on the Los Caffos Formation. The markedly
finer grain size and thimner beds of the Imbert Formation, as compared toe the Los Cambs For-
mation, indicare a more distant source of volcanism during Faleocene-Epcene time.

There are no Middle Eocens rocks 4mr &{tu, although limestone blocks of this age are
found az clasts in the San Marcos olistostrome. Since only basal units of the Imbert Forma-
tion were dated as Paleocene-Lower Eocene and only the upper portions of the Lupercn Forma-—
tion as Upper Eocene, either of these two formations may contain Middle Eocene rocks. The
writer prefers the alternative that volcanism had ceased, that most of the area was still
submerged (hence, little chance for subaerial eresion and deposition), and therefore, that
a gap in the record is to be expected. In any case, volcanism ceazed in the area at the end
of the Early Eocene.

Sometime during the late Middle Eocene, a water-bearing tuffacecus layer either in or
just above the Imbert Formation was triggered to ligquifaction by earthquake shock. Moving
down the trench slope, the agueous tuffaceous layer gathered blocks of rocks contemporanecus
with or older than the matrix, and was emplaced as the 5an Marcos colistostrome. HNHear the
end of the late Middle Eocene, an episode of folding and faulting involved the Imbert For-
mation, the Los Catos Formation and the San Marcos olistostrome, so that by Upper Eocene
time, porticns of the area must have been above sea level in order to supply Imbert and Los
Cafos detritus te the Luperon Formation. Uplift of the coastal area from late (retacecus to
late Middle Eocene probably took place primarily along the Camu Fault. Relative motion dur=-
ing this period was the reverse of that shown on Flate I, which indicates relative movement
gince the Middle Miocene.

The Late Eocene began with unconformable deposition of a basal conglomerate upon the
Imbert Formation in the east and continved with turbidity current depesition of the rapldly
alternating tuffacecus sandstones and shales of the Luperon Formatiom farther west. This
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formation contains the first undoubted stream-rounded clasts of older formations in the area.
The Luperon Formation occcurs entirely im the western portion of the map area, suggesting that
in the central and eastern portions the surface was already domed into a general antiformal
structure.

There is no rock record of the Early, Middle and most of the Late Dligocene. The Puerto
Plata area underwent gentle upwarping from post-Late Eocene time onward. Tt remained a lo-
cal high, while a large area to the south began to subside and receive sediments duting Olig-
ocene-Miocene time, an area which eventually became the mountains of the Cordillera Septen-
trional. Except for a few discontinuous basal conglomerates and calcareous marine shales,
the Oligocene-Mincene sedimentary rocks in the north-central part of the Septentrional range
are predominantly fossiliferous marine limestones. The Isla Limestone was formed during late
Middle Miccene on a low-lying shoal west of Puerto Plata,

Sometime in post-Middle Miccene time, Septentrional rocks were gently folded and moelen
on the Camu Fault began again with the relative movement of south side up (Plate T), lifting
Miocene rocks to elevations abowe 1000 m, During this uplift, the rocks which form Pico de
Isabel de Torres became detached from the main Septentrional mass and moved as a slump unit
to ite present positionm.

Although not well dated, movement began on the Tamarindo Fault at about the time of the
recurring motion on the Camu Fault. The Maimon graben and its associated fault breccias and
sediments formed at a later time at right angles to the trends of the Camu and Tamarindo
Faults. GShallow marine incursions have recurred in the Puerto Plata ares from post-Miocene
to Recent time, as documented by coral limestones along the north coast.
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ABSTRACT

The Moncion-Jarabacoa area is situated on the north flank of the Cordillera Cemtral of
the Dominican Republic. Volecanic, metavolcanic and plutendc igneous tocks underlie the
major portion of the map ares, which is approximately 2000 square lm. The metavolcanic
and voleanic roeks are divided into three formations separated by east-trending, high
angle strike faults.

Mafic metavolcanic rocks of the Duarte Formation, which range in metamorphic grade
from sub-greenschist facies to the amphibolite facies, underlie a large part of the map
area. Sub-greenschist facies rocks are massive lavas and tuffs containing the minerals
albite, clinopyroxene, chlorite, prehnite, pumpellyite and epidote; rocks of the green-
achist facies are massive schistose greenstones consisting of actinolite, chlorite, albite
and epidote.

In the northweastern part of the area the metabasalts of the Duarte Formation are sep-
arated from the schiste of the Amina Formation by a narrow fault-bounded strip of Barly
Oligocene sedimentary rocks. Original tuffaceous sediments, or tuffs of intermediate—to-
acid compesition, of the Amina Formation were regiomally metamorphosed to the greenschist
facies and now occur as schists made up of varving proportions of epidote, chlorite, quartz
and albite, Scanty paleontological evidence suggests that the Amina Formation and probably
the Duarte Formation are pre-Middle Aptlan-Albian in age. The age of the metamorphism is
not known but is thought to have taken place prior to deposition of the Late Cretaceous
Tirec Formation.

The greenschist facles rocks of the Duarte Formation are in fault contact in the
southeastern part of the asrea with Late Cretaceous volcanic rocks of the Tirec Formaticn.
This formation includes tuffs and porphyritic lavas of andesitic and quartz keratophyric
composition.

Serpentinites, which possibly represent detached remnants of oceanic crust, OCCur be=
tween the Duarte Formation and Amina Formation (or the correlative of the latter im the
central Deminican Republic). Two types of gquartz diorite, with minor asscciated bodies of
horiblendica, ifntrude the voleanic amd melavoleanic formations. One tLYpe OCCUXs a5 gener=
ally concordant, marginally foliated, leucotonalite plutons, which are only found intru—
give into the greenschist facles rocks of the Duarte Formation, producing metamorphic
aurecles in the lower part of the amphibolite facies. The second type is dominantly dis-
cordant hornblende tonalite plutons, some of which are of bathelithie proportiom, which
were emplaced In the Tireo and Duarte Formations.

Intrusion of the hornblende tonalites was followed by uplift and erosion, which led to
deposition of the unmetamorphosed Magua Formationm of Late Maeatrichtian (?) to Middle Eo-
cene age. This formation comsists of marine boulder-size conglomerate and breccia with
minor limestone, mudstone and basaltic lava.

Following an episode of folding and erosion, the Los Caguelles Limestcme Breccia, con-
sisting largely of limestons fragments in a red hematitic matrix, was deposited probably
during the Late Eocene. Lithie conglomerate, partly marine, of the Lower Oligocene Inoa
Conglomerate occupies a graben between the Amina and Duarce Formations. The Inca Conglom—
erate correlates with the marine Represa Conglomerate farther east. Marine sandstones and
madstones of the Velazquitos Formation, also of Early Oligocene age, lie conformably om
the Inca and Represa Conglomerates. Folding and high-angle faulting accompanied by tectonic
movement of serpentinites took place between deposition of the Lower Oligocene formations
and the 'Middle or Upper Oligocene Janico Formation and Moncion Limestone. The former con-
sists of thin-bedded calcareocus sandstones and mudstones, the latter of neritic limestene.
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4 minor angular unconformity separates Oligocene from Miocene rocks. The latter includes
marine calecareous sandstones of the Cercado Formation and its basal Bulla Conglomerate
Member.

INTRODUCTION

The area of study is situated on the north flank of the Cordillera Central of the
Deminican Republic. This cordillera is the principal mountain range of Hispanicla, con-
tinuing westward from the Dominican Republic inte Haiti where it is called the Massif du
Nord. The intersection at 19°15'N, 71°W is in the west-central portion of the map area,
which comprises approximately 2000 square km.

METHODS AND TERMINOLOGY

About ten months were spent in the field during the summer and fall of 1959 and 1960.
Iwo of these ten months were devoted to reconnaissance outside the map area. ALl parts of
the map area were not investigated in equal detail. Because of limited access, the south-
ern and southwestern extremities of the map area were studled in reconnaissance only. Map~-
ping of the Loma Caribe peridotite was completed by Bowin {1960}, and consequently, field
work in the east was concentrated in areas underlain by rocks other than the peridotite.

Mapping was done on air photographs (scale 1:60,000) taken in 1958 and 1959 and aup=
plied by the Dominican government. For the initial report, which partially fulfilled re-
quirements for the Ph.D. degree, Princeton University, an uncontrolled planimetric map was
constructed from the photographs and reduced to 1:100,000, Subsequently, topographic maps
have become available for the Dominican Republic. Original field data were transferred
from the air photos to these maps (U.S. Army Map Service, Series E733; scale 1:50,000) and
a new base map prepared and photographically reduced to the scale 1:100,000. This map is
reproduced as Plate 1 of this report. Fossil localities referred to in the text are lo-
cated with respect to grid coordinates as given on the Series E733 maps.

Laboratory studies were based on approximately 900 hand specimens and approximately
400 thin sectloms. Refractive indices of minerals were determined by the immersion method
uging sodium light. Optic axlal angles were measured with a univergal ctage. X=ray dif-
fraction work was done with a Noreleo diffractometer using copper radiation and glass
smear mounts. HMHineral identifications were made at 3 machine speed of 19/minute and lat—
tice dimensions determined at %¢/minute with an internal silicon standard.

In the descriptions of sedimentary rocks, bedding thicknesses are classified accord-
ing to Dunbar and Rodgers (1957, p. 97), and clastic particles are classified on the
Wentworth Grade Scale as given by Dumbar and Rodgers (1957, p. 161).
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IRTRODUCTION TO STRATTGRAPHY

An interpretation of the stracigraphic sequence of the map area is given in Figure 1.
Approximate positions on the time scale are given for the igneous rocks found in the map
area., Stratigraphic relations and position of unconformities im the sequence are, in many
cases, largely a matter of Interpretation, as few of the successive wunits are in sediment-
ary contact. Furthermore, it is to be noted that the paleontological dates determined do
not prove that the rock units represent the whole time interval assigned to them, nor do
they necessarily indicate that rocks units of approximately the same age are time equiva-
lents.

The oldest rocks in the map area, with the possible exception of the serpentinites
which may represent detached fragments of oceanie erust, are considered to be the region—
ally metamorphosed Amina and Duarte Formations. The Amina Formation is composed of epi-
dote-chlorite-albite-quartz schiste. The Duarte Formation consists principally of mafiec
volcanic rocks metamorphosed to the prehnite-pumpellyite facies and the greenschist facies.
The Amina and Duarte Formations are separated everywhere by a fault-bounded trough filled
with Lower Oligocene sediments, and consequently the stratigraphic relationship between
these two formations is uncertain. The lower-grade (prehnite-pumpellyite) rocks of the
Duarte Formation are in clese proximity to the greenschist facies rocks of the Amina For-
mation. If isograds parallel ancient isotherms, which in the simplest case would be con-
vex upward, the structural relationships would suggest that the Amina Formation is strati-
graphically below the Duarte Formation. This weak argument is completely imvalldated 1f
the Amina and Duarte Formations have not always occupied the positions they do now; the
possibility that they have been brought together by large lateral translations cannot be
dismissed.

The contact between the Duarte Formation and the Tirec Formation is & fault. An un-
conformity is believed to separate these units by virtue of the fact that plutons of leuco-
tonalite are found only in the regionally metamorphosed Duarte Formation. Plutons of
hornblende tonalite intrude both the Duarte and Tireo Formations and have characteristics
indicating shallower depths of emplacement than do the leucotonalites. For this reason, &
period of uplift and erosion is believed to have intervened between time of metamorphism
of the Duarte Formation and time of deposition of the Tireo Formation. The age of the Mague
Formation i1s poorly esatablished, and consequently the time of emplacement of the horn-
blenda tonalites, boulders of which are found in conglomerates of the Magua Formation,
must be regarded as tentative.

AMINA FORMATIO

The Amina Formation is named for the Rio Amina along which almost comtinucus outcrops
of the formation are exposed. The southern contact of the formation is a feult, which places
the formation in contact with rocks of the Las Matas Breccia and the Inoa Conglomerate of
Early Oligocene age. To the north the formation is overlain unconformably by the Mencien
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Figure 1. Stratigraphic sequence for the Monclon—Jarabacoa area.

Limestone of Middle or Late Oligocens age and by the Bulla Conglomerate and Cercads Forma-
tion of Early Miocene age.

The Amina Formation consists of grayish-green schists with the following principal
minerals: albite, quartez, chlorite, epidote, actinolite (minor and enly locally developed),
and muscovite (minor and only locally developed). The more ferromagnesian=-rich achists
are generally finely foliated and comsist of 70X chlorite and epidote, with or without
aetinolite, and 30X quartz and albite. Most of the rocks are richer in quartz and albite;
gome contain as much as 75% of these minerals. Whenever the leucocratic minerals exceed

50% of the rock, actinolite is absent. Very minor in amount are epidote-muscovite-albite-
quartz schists.
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In the leucocratic varieties, schistosity is produced by a flattening of the quartz
and albite grains in the plane of foliation and by chlorite shreds aligned im this plane.
In the ferromagnesian-rich schists, which are generally finer-grained tham the gquartzo=
feldspathic schists, foliation is marked by a thin and diffuse concentration of light and
dark minerals in alternating laminations. There are all gradations between these thinly
laminated chlorite schists and rocks in which quartz and albite are concentrated in distines
light-colored layers up to 1-2 em in thickness. Ferromagnesian minerals, chlorite and epi-
dote, are concentrated im the intervening dark layers. This separation is not entirely
completej each of these assemblages {quartz + albite, or chlorite + epidote) comtains the
minerals that dominate the other.

The only other lithology present within the formation is marble, which occurs as a 60-
m thick lens. It is exposed at two places in the Rio Amina (stations 2891/21416 and 2905/
21418) and from air photo interpretations is estimated to have an outcrop lemgth of 2 lam.
In hand specimen the marble varies from white recrystallized limestone to a mottled type
with irregularly distributed carbonacecus (?) material. Vein quartz commonly occcurs as
lens-like masses parallel to foliation of the schists. This veln quartez i1s very reslstant
to weathering and forms a pavement on top of bedrock in flat upland areas.

Metamorphism

Metamorphism of the Amina Formation was sufficiently intense to destroy original tex-
tures. In only one of ten thin sections examined from rocks of the formation is there any
suggestion of original clastic textures. Typically, the constituent minerals are welded
together, producing an interlocking metamorphic fabric. Presence of chlorite and muscovite
and absence of bilotite indicate that the grade of metamorphism is less tham that of the bio-
tite zone. The sssemblages chlorite-epidote-albite-quartsz (actinolite) and quartz-albite-
muscovite—epidote (chlorite) are common assemblages of the greenschist faciees of metamor-
phism (Turner, 1968).

Origin

In contrast to the greenschists of the Duarte Formation, mo CeXCures or stTuctures
characteristic of lavas are present in the rocks of the Amina Formation. The most ferro-
magnesian—rich schists of the Amina Formation differ mineralogically from the greenschists
of the Duarte Formation in having only small amounts of actincolite and considerable free
quartz, a mineral only present im amygdules of the Duarte lavas. Chlorite schists of the
Amina Formatiom may represent tuffs of andesitlic-to-dacitic rather tham basaltic composi-
tion.

The rocks in which gquartz and albite form 50% or more of the rock are very similar to
those described by Hutton (1940) from western Otago. Hutton was sble to trace these schists
through zones of decreasing metamorphism into only slightly sltered graywackes. The leuco-
eratlec schiste bearing muscovite and little chlorite are mineralogically similar to but tex—
turally unlike the quartz keratophyres of the Maimon Formation of Bowin (1966).

Age and Correlation

No fossils have yet been found in the formation. The one limestome lens is completely
recrystallized.

To the north the formation is overlain unconformably by Oligocene limestone and Mio-
cene conglomerates and sandstones. To the south it is in fault comtact with conglomerates
of 0ligocene age.

The Amina Formation is most probably correlative with the Maimon Formation of Bowin
(1966). From a petrographic standpoint they are somewhat different. The sericitic quartz-
albite rocks of the Maimon Formation are not present in the Amina Formation. The former
rocks have quartz with euhedral outlines, indicating that they are metaquartz keratephyres.
Where white mica is present in the Amina Formation, it is well crystallized muscovite
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accompanied by epidote, and quartz is invariably anhedral. The other major rock type from
the Maimon Formation more closely resembles rocks of the Amina Formatiom. In describing
them Bowin (1966, p. 25) states: "Thin section and x=-ray diffraction work shows them to be
composed of albitie plagioclase, epidote, quartz, chlorite and amphibole in order of de-
creasing abundance." The present writer has examined the westernmost exposures of the Mai-
mon Formation, has studied thin sections from these rocks, and finds them to be very simi-
lar to rocks of the Amina Formation.

Considerations of the regional geology tend to support this correlation, in that the
Maimon and Amina Formations occupy similar structural positioms. In the ares mapped by
Bowin two groups of regionally metamorphosed rocks, called the Duarte and Maimon Formations,
are separated by a long body of serpentinized peridotite. The northern formation {Maimon)
is thrust in a northeasterly direction over unmetamorphosed rocks ranging in age from Late
Early Cretaceous to Middle Eocene. The Duarte Formation, which occurs in a belt south of
the peridotite, continues along strike into the area of this study. The position of the
peridotite in the present area is occupled by a graben of sediments with miner pods of ser-
pentinite, and the north boundary of the graben iz formed of the Amina Formation.

Minimum age of the Amina Formation is therefore based on two assumptions: (1) that
because the metasmorphosed Maimon Formation is thrust over the unmetamorphosed Middle Aptian-
Middle Albian Hatillo Limestone, the Maimon Formation is pre-Middle Albisn in age; and (2)
that the Amina Formation is correlative with the Maimon Formation, If both these assump-
tions are correct, then a pre-Middle Albian age is indicated for the Amina Formatiomn.

DUARTE FORMATION

Sub-Greenschist, Greenschist and Amphibolite Facies

Bowin (1966} proposed the name Duarte Pormation for schistose and massive, teglonally
metamorphosed, mafic volcanic rocks exposed in a belt extending northwest of Santo Domingo
te the town of Jarabacoa. They were described as consisting of varying propertions of am-
phibole, epldote, chlorite, plagicclase and opague oxide.

Mapping in the area of study has shown that the Duarte metavolcanic rocks of green-
schist metamorphic facles extend an additional 75 km to the west-northwest. In the western
part of the map area basic velcaniec rocks of metamorphic grade less than that of the BLEEn—
schist facies are found. Thesc rocks ere principally basic flows and flow Lrecclas cunsists=
ing of albite, clinopyroxene and chlorite. Concentrated principally within amygdules, sev-
eral of the following minerals typically cccur: chlorite, epidote, alblee, caleite, guarkz,
analcime, prehnite, and pumpellyite. These rocks are shown on Plate 1 as Duarte rocks of
sub-greenschist facies. In this western part of the map area the isograd between rocks of
the greenschist facies and rocks of the sub-greenschist facies is sharply defined. Transi-
tion is manifested by a change in color from light to dark gray or reddish-gray to greenish-
gray. The greenish color correlates with replacement of clinopyroxene by actinolite, which
is totally complete within several hundred meters of the isograd.

In the eastern part of the map area a second area of sub-greenschist facies rocks is
mapped as part of the Duarte Formation. Part of this area had previously been mapped by
Bowin (1966) as "Rocks Northeast of Jarabacoa." These rocks differ from the sub-green—
schist facies rocks in the western part of the present map area in several respects. Al-
though clinopyroxene-bearing basic lavas are present, most of the lavas examined have in-
cipient replacement of the pyroxene by actinolite regardless of their proximity to the sur-
face trace of the isograd. In the western sub-greenschist facies region, first appearance
of actinolite takes place close to the isograd, and at the isograd replacement of c¢lino-
pyroxene by actinolite is complete. Secondly, metatuffs ranging in color from yellow-green
to dark green are much more abundant in the eastern sub-greenschist region. The yellow—
green metatuffs are massive-to-very-weakly schistobe and are extremely fine—grained. Their
mineralogy was studied by a combination of thin sectlon and x-ray diffraction methods.
Minerals common to all these rocks are clinopyroxene, plagioclase, chlorite and actinolite.
Also present are two or three of the following: epidote, prehnite, pumpellyite, quartz,
calcite, and sericite. The darker-green metatuffs are richer in chlorite, and many appear
to be basic vitric tuffs, inasmuch as shard textures flattened in the plane of schistosity
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are still visible in many of these rocks. These rocks consist meinly of chlorite and actin-
olite; in some specimens small amounts of calelte are also present. Mineralogy of these
rocks is appropriate for inclusion within the greenschist facies. It is believed that the
original glassy nature of these rocks made them particularly amenable to metamorphism.

They are intimately associated with tuffs and lavas, which were originally holocrystalline
and which still retain original clinopyroxene together with the metamorphic minerals preh-
nite and pumpellyite. Thus, the sub-greenschist - greenschist isograd in the eastern re-
glon is based upon complete replacement of clinopyroxene by actinolite and by absence of
prehnite and pumpellyite in original holocrystalline rocks.

Approximately 95% of the rocks of the greenschist facles are massive-to-moderately-
schistose, greenish-gray greenstones. The majority of these are composed of varving but
essential proportions of actinelite, chlorite, albite and epidote. Amygdules, where pre—
sent, are filled with one or more minerals: quartz, chlorite, epidote, or calcite. Anal=-
cime, prehmite and pumpellyite are absent.

HMore mafic types of greenstones also occur. These are massive Fe-Ti oxlde-bearing
chlorite-tremolite greenstones and chlorite-actinolite schists, some of which have small
amounts of albite and sphene. BSuch greenstones have analogues within the less metamorphos-
ed sub-greenschist facies terrain. A sample collected at 2994/21365 within the area of
sub-greenschists, although inciplently altered by its proximity to the Las Placetas Batho-
lith, illustrates volcanic parentage of these more mafic greenstones. Rocks at the out-
crop from which this sample was taken are black with white amygdules forming % the volume.
As seen in thin section, they are composed of 75% zomed calcic diopside (2Vy=61.40-57.30,
By=1.630), 15% chlorite with a trace of interstitial plagioclase, and a few fibres of ac=
tinolite. Amygdules are filled with calcite, weskly birefringent analcime and sericite.

Within the area of greenschist facies, rocks of yet higher metamorphic grade are re-
presented by amphibolites associated with intrusions of leucotonalite (Fig. 2?), and basic
hornfels surrounding masses of hornblende tenalite which also intrude the formation. These
rocks are described herein, but in view of the scale of field mapping, only one area under-
lain by amphibolites, in the Jagua Abajo, is indicated on Plate 1. This area encompaseses
thermal aurecles of three leucotomalite plutons near the settlements of Pinalito, Los Pi-
lones and El Papayo and extends westward 1 km or less beyond the Rioc Jagua, where layered
gneisses formed of alternating layvers of amphibolite and quartz-plagioclase (minor horo—
blende) rocks crop out intermittently over a distance of approximately 1% km. At one lo=
cality id the river there is a conformable sheet of hornblende tonalite approximately 100
m thick, which, along with lencacratic layers within the amphibalites, is heliesved to re=-
present the upper portions of a subjacent hornblende tonalite mass. Rocks within the Jagua
Abajo area include rocks metamorphosed by leucotonalite in the east and posaibly hornblende
tonalite in the weat (Fig. 3).

Figure Z. Leucotonalite injected along foliated Figure 3. Hand specimens of quarctz dio-
planes of amphibolites. Northern contact of the rites. Left: hornblende tomalite.

Finalito Fluton with Duarte cowuntry tocks in the Right: leucotonalite.
Eio Baiguaque. Hammer for scale.
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Both in the Jagua Abajo area and other locales near leucotonalite bodies, grain size
of the Duarte rocks increases, and schistosity or compositional layering of light and dark
minerals becomes prominent. Transition from greenschist facies rdcks to rocks of the am
phibolite facies is characterized by two mineraloglcal changes: (1) comverslom of green-
stone chlorite and actinolite to &n amphibole with distinct blue-green absorption parallel
to the Z axial direction, and (2) an increase in calcium content of the plagloclase, so
that oligoclase or oligoclase-andesine is the typical plagioclase of the inmer part of the
aurecles.

Quartz is released by both these reactions and was found in all thin sections of am-
phiboles examined. Epidote persists in the amphibolites, and biotite iz sporadically de—
veloped in wery small amounts.

Megascopically, the color of the aureole rocks is distinct from those of the green-
schist facies. By virtue of the disappearance of chlorite and the formation of hornblende
in place of actinolite, the rocks lose most of their greenigh hue. Because of gnelssic
texture, overall color cannot be defined but is that of its component minerals: black
hornblende with intervening streaks of white plagioclase and quartz. In many amphibolites
amphibole forms B0X or more of the rocks, and they are black.

Mineral assemblages found in Duarte rocks of the amphibolite facles are as followa:
{1} blue-green hornblende — quartz - (oligoclase - andesine) - epldote
{2} blue-green hornblende - quartz - epidote
{3) blue-green hormblende - quartz-albite-cummingtonite
{4) greenish-blue hornblende - guartz - oligoclase - blotite - garmet -
cummingtonite

Minor Litholegies within the Duarte Formation

Bedded cherts crop cut at several localities within the Duarte Formation and have been
found interbedded with basic rocks in all three facies of metamorphism. Maximum strike
length over which the bedded cherts have been traced is approximately 2 lm, and these rocks
have not been found in sections exceeding 100 m in thickness. At the settlement of Los Ca-
guelles (3070/21331), bedded cherts (bedded on the scale of 2-7 cm) are found interbedded
with epilitic lavas; these cherts appear to be correlative with bedded cherts in the Rio
Jagua (3083/21320), which are enclosed by amphibolitic rocks. Bedded cherts are also ex-
posed within greenschist facies rocks between 3143/21323 and 316221313 and in the eastern
pub-greenschist ragion at lecalities 3370/21200 and 3375/21205.

Carbonaceons quartz — muscovite-chlorite schists are exposed in several outerops in
the Bic Guanajuma east of Los Pilenes, and carbonacecus quartz - caleite = chlorite schists
and phyllites are exposed in the Rio Yami at 3305/21240.

Mottled silvery and pink muscovite - quartz schists crop out over a distance of ap-
proximately 2 km near Rincon Llano (3054/21208 to 3070/21216). On surfaces of hand speci-
mens cut perpendicular to schistosity, these rocks show clear subcircular crystals of quartz
5 mm or less in diameter in a fine cream-colored matrix. In thin section the groundmass is
composed of tiny (less than 0.04 mm) polygons of quartz with flakes of sericite-between
grain boundaries. Larger sheaves of muscovite and red hematite define the schistosity. In
mineralogy these rocks are similar to the hydrothermally altered quartz keratophyres de-
scribed by Donnelly (1959, p. 123) from the U.S. Virgin Islands.

Buff weathering, oclive-gray where fresh, calcarecus slates crop out over an extensive
area centered around the settlement of El Cafe in the eastern part of the map area. Cleav-
age is eassentially parallel to bedding, where layers rich in carbonate and rare sandy beds
occur, Bedding in the sandy layers is on the scale of 5-8 cm. In the more calcareous beds
cleavage is less well developed; the sandy beds are semi-schists. X-ray diffracticn of the
slates revealed presence of calcite, quartz, feldspar and 10A® mica. Thin section examina-
tion of two of the calcareous sandstones showed rock and mineral fragment components rang-
ing in size from 2 to 0.1 mm and set in a matrix of calcite which formed approximately 35X
of the rock. Rock fragments included polygranular aggregates of chert, phyllite and quartz
- albite fragmenta, which are pieces of keratophyre or amygdule fillings from basic lavas.
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Mineral grains included gquartz, weathered or sericitized plagioclase, fresh albite, and mi-
ner amounts of chlorite, epidote and elinopyroxene. Because many of these detrital grains
are of types found in the Duarte lavas, it is possible that an unconformity may exist be-
tween the volcanic rocks and these caleareous slates. More detailed mapping will be re-
quired to establish stratigraphic relationships between the slates and volcanies of the
Duarte Formation.

Chemistry of the Duarte Formation

A number of alkali analyses were made of rocks from the greenschist and amphibolite
facies of the Duarte Formation. The analyses were performed following the procedure of
Brannock and Berthold (1953) using a Beckman D-U flame photometer. HNational Bureau of
Standards granite (G-1) and diabase (W=1) were run as check samples on the analytical pro-
cedure. K70 and Mas0 walues found in these standards were within the range reported by a
number of analytical laboratories (Stevens and Niles, 1960). Results of the alkali analy-
ses from the Duarte metabasalts are given in Table 1:

Sample # Grid Location AHa.0 IE.0
CP-480 chlorite - tremolite greenstone 2817/21397 0.1 =0.1
CP=960 chlorite - tremolire greenstone 2709/214413 0.1  <0.1
CP-814  epidote - chlorite — albite actinolite 2832/21388 3.7 0.3
greenstone

CP=227 epidote - chlorite - albite actinolite 3063/21292 3.7 0.15
E,IEEEE':DII.E

CP=-210 albite = chloarite = actinalite schist I088/21257 2.0 0.1

CP-211 albite - chlorite - actinolite schist 3088/21257 1.9 0.1

CP-439 epidote - guartz - albite - chlorite - 2893/21215 1.7 0.15
actinolite schisc

CP-443 epldote - quartz - oligoeclase hornblende 2891/21231 2.8 0.1
echist {amphibolite)

CP=444 gpldote - quartz = oligoclase hornmblende 2905/21236 2:9 D.15
gchigt (amphibolice)
Table 1. Alkali analyses of Duarte Formation metavolecaniecs.

The chlorite - tremolite greenstones are extremely low in both soda and potash and are
believed to represent metamorphosed equivalents of clinopyroxene-rich lavas. All rocks an-
alyzed are extremely low in potash, when compared to conmtinental tholelites (Green and Pal-
dervaart, 1955}; however, they are similar in K0 content and Wa,0/E;0 ratios to oceanic
tholeiites dredged from the Mid-Atlantic Ridge and East Pacific %lse {Engel et af., 1945).
Melson and Van Andel (1966) have shown that greenschist facles metabasalts from the Mid-
Atlantic Ridge, when compared to unmetamorphosed tholeiites from ocean basins, are depleted
further with respect to K;0. HNone of the sub-greenschist facles lavas of the Duarte Forma-
tion were analyzed, and the importance of potassium loss during metamorphism cannot be e-
valuated., Overall low potassium contents in these rocks, however, are thought to reflect
their affinities with primitive oceanic tholelltes.

Metamorphiam

Metamorphic minerals characteristic of the sub-greenschist facies of the Duarte Forma-
tion are: albite, prehnite, pumpellyite, epidote and chlorite. These minerals are char-
acteristic of the prehnite - pumpellyite metagraywacke facies as defined by Coombs {1961).
In the greenschist facies of the Duarte Formation prebnite and pumpellyite are absent.
Principal assemblages of the greenschist facies are: actinolite - chlorite-albite - epi-
dote and actinolite or tremolite = chlorite {(albite-sphene). In some localities transition
from greenachist facies to amphibolite facies 1s bridged by the assemblage hornblende -
albite - guartz - epidote, which represents the epidote-amphibolite facles of Eskola (1%39).
Generally, however, the transition from the preenschist facies to amphibolite facies {repre—
gented by the assemblage hornblende - (oligoclase - andesine) = quartz - epidote]l is direct
without an intervening epidote-amphibolite facies.

Avallable evidence suggests that the facies developed are these which are produced
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during conditions of relatively high geothermal gradient, similar to the facies series de-
veloped In the Abukuma Plateau of Japan (Miyashiro, 1961, 1968). The fact that (1) the
puppellyite in the sub-greenschist facies is a strongly plecchroic type, and (2) an index
of refraction determination made indicates a pumpellyite rich in Fet supports this type of
facles development. In terrains where high pressure facies series occur, prehnite is not
typically present and pumpellyite is poor in Fetd (Seki, 1961). Garnet was found in only
one of the amphibalites, whereas cummingtonite was found in several amphibolites. S5Shido
(1958) has shown that cummingtonite in medium—grade amphibolites is favored by relatively
low-pressure types of facies series. Characteristic of these lower pressure facles saries
are abundant intrusions of granitic rocks (Miyashiro, 1961). These are represented in the
Dominican Republic by leucotonalites, which are restricted to the greenschist facies of the
Duarte Formation, were probably intruded during the main period of metamorphism, and served
locally to increase the grade of metamorphism to that of the amphibolite facies. Also typ-
fcal of this relatively low-pressure type metamorphism are granitic rocks, which are not
coniined to the metamorphic terrain (Miyashiro, 1961, p. 281). These are represented in
the Dominican Republic by hornblende tonalites, some of which are of batholithic proportiocns.

Environment of Deposition and Age

Fillew structures have not been observed in the lavas; however, presence of bedded
chert within the formation indicates marine deposition. Minor amounts of carbonaceocus
phyllite and schist suggest that reducing conditions prevailed locally. MNafK ratios in the
lavas suggest that these rocks are similar to oceanic tholeiites that form most of the
deeply submerged volcanic features in ocean basins (Engel of af., 1965).

Mo fosslls have been found froem rocks of the Duarte Formation. The Magua Formation
containg boulders of Duarte rocks and tonalite which intrude the Duarte Formation. Within
the Magua Formation are bloclastic limestone lenses bearing Upper Cretaceous redistids,
Limestone fragments of the Los Caguelles Limestone Breccia bearing species of the pelagic
foraminifer Giobofiuncanas must have been derived from a limestone which overlay the Duarte
Formation. From these lines of evidence the Duarte Formation i{s Late Cretaceous or older.
From structural evidence, degree of metamorphism, and similarities with the Bermeja Complex
of Puerte Rico, Bowin (1966) suggested a pre=Middle Albian (?) age for the Duarte Forma-
tion. His pre-Middle Albian (7) age estimate remains the best available.

TIREQ FORMATION

The Tirec Formation was described by Bowin (1960, 1966} and is named for the community
of Tireo situated in the valley of the Rio Tireo between the settlement of E1 Rio and the
town of Constanza. Owing to limited access and ruggedness of terrain, the formation was
studled in reconnaissance by Bowin. This writer devoted only a few days' field work to a
study of that portion of the formation which appears on Plate 1.

The bhase of the formation is mot exposed. To the east, the formation is in fault con-
tact with the Duarte Formation of Bowin (1966), and in the area of this study it 4s in fault
contact with the greenschist facies of the Duarte Formation. Principal rock types of the
formation as desctibed by Bowin are: (1)} coarse-to-fine tuff; (2) lapilli euff; and (1)
quartz keratophyre.

That portion of the Tireo Formation within the map area is characterized by coarse-to=
fine tuff, lapilli tuff and andesitic(?) lavas. The most common color of these rocks is
light=to-medium gray.

The lavas of the Tireo Formation are distinguished from lavas of the sub-greenschiat
facies of the Duarte Formation by their lighter color and by the common presence of por-
phyritic texture. Lavas within the map area, which have been studied petrographically, show
the effects of contsct metamorphism by the Los Dajacs hormblende tonallte pluton. These
rocks contain glomerophenocrysts of sericitized plagloclase in a groundmass of subequal
amtunts of plagioclase and actinelite. Chlorite and epidote form a miner amount of the rock,
and opaque oxides are accessory minerals. Frem the proportion of plagloclase to actinolite
these rocks appear to have been andesites rather than basalts. A lava collected south of
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the map area better illustrates the regionally unmetamorphosed character of the formation.
In contrast to lavas within the map area, this rock has phenocrysts of augite in a light
reddish-gray matrix. In thin section the rock shows euhedral phenocrysts of clinopyroxene
up to 4 mm in maximum intercept diameter. The clinopyroxenes are pale vellow, strongly
zoned and constitute 258 of the rock. Also present are a few microphemocryste of olivine.
Groundmass consists of clear laths of labradorite (An 65t5) ranging from 0.5 to 0.05 mm in
length. Opague oxides constitute 4=5%.

The coarse tuffs and lapllll tuffs show varyving proportions of vitrie, lithie and erya-
tal components. Vitric components are subangular, undeformed fragments devitrified to
chlorite and show delicate compositiomal banding in shades of light greenm to greenish-
browvn. Lithic components are dominantly vitrophyrilic rock types with microphenccrysts of
plagioclase and clinopyroxene. The witric part of these rocks and the matrix between clag=—
tic components have altered in part to prehnite, pumpellyite, laumontite, and a green min-
eral with higher birefringence than chlorite. Thies may be celadonite or stilpnomelane (7).

The minerals prehnite, pumpellyite and laumontite appear to be restricted to tuffa-
ceous rocks of the formation. Limited data availasble suggest that the holocrystalline
lavag have not been affected by diagenetic or low-grade metamorphic alteration. Epidote
occurs only in thermal aurecle rocks of Los Dajacs hornblende tonalite pluton, in agree-
ment with the observation of Bowin (1966, p. 46), who reports that epidote is present only
in rocks cloge to hornblende tonalites or in rocks close to the Bonao Fault.

Agze of the Tireo Formation

The writer has no new paleontological evidence bearing om the age of the Tireo Forma-
tion. Bowin (1966, p. 48) found foraminifera in Tireo limestones at two widely separated
localities. The assemblage at one locality vielded a probable Cencmanian age, whereas ma=
terial from the other locale yielded a Middle Campanian-to-Early Maestrichtian ape. Thus,
rocks of the Tireo Formation appear to represent most of Late Cretaceous time.

HMAGUA FORMATION

The Magua Formation is named for the Rio Magua along which a partial section is well
exposed. An excellent partial section crops out in the Rio Mao, and more accessible sec—
tiome are syposed Alomg the road from Moncion to Las Mesatas and along the road sonth of

El Rubio.

The Magua Formation consists dominantly of a sequence of well indurated lithic con-
glomerates with lesser amounts of basaltie wvolcanie breccias, limestone, sandstone and
sandy mudatone. A single zone of basaltic lava was mapped within the formation and is here-
in referred to as the Bodeo Basalt of the Magua Formation.

The base of the formation was observed only in ome locality along the abandoned road
from Moncion to Jicome, but inasmuch as the Duarte rocks lack foliatiom at this outcrop
and the conglomerates of the Magua Formation are very poorly bedded, mo structural discord-
ance between the two formatioms could be provem. The contact is considered to represent a
major unconformity, however, because the conglomerates contain boulders of Dusrte green-
stones and boulders of tonalite which intrude the Duarte Formation. From the map pattern
the Magua Formation appears to be preserved in the southern limb of a syncline plunging to
the northwest. Thickness of the formation does not exceed 2000 m.

Conglomerates and Brecclas

Conglomerates of the formation are typically gray, poorly sorted, poorly stratified,
and characteristically have a large portion of subangular cobbles and boulders. Texture of
the conglomerates ranges from intact to disrupted. In those with an intact texture the num=—
ber of grade classes represented within any single outcrop 1s large. Commonly, there is a
range in clast size from 45 cm to sand-sized matrix., Maximum observed size of boulders was
1,5 m. Conglomerates exhibiting a disrupted textural framework contain boulders commonly
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30-60 cm 1o diameter In & matrix of pebbly sandstone or mudstone with very few clasts in
the cobble size represented. Generally, clasts derived from rocks which crop out near the
Magua-Tuarte contact are more angular than clasts derived from more distant sources, 1.e.,
hornblende tonalite. On the basls of fileld observation, the most common rock types repre-
sented 88 clasts in the conglomerates are rocks of all facies of the Duarte Formation, fol-
lowed in approximate descending order of abundance by hormblende tonmalite, chert, leuco-
eratie volecanics, sandstone amd shale (Fig. 4).

Brecclas of the formation are particu-
larly well exposed in the upper reaches of
the BElc Guanajuma south of the willage of El
Rubic. These consist almost entirely of dom—
inantly angular fragments of basalt ranging
in size from less than 1 cm to 20 cm in dia-
meter. Embedded within these breccilas are
pebble= to boulder—-sized clasts of detrical
material derived from the same rocdk types
which supplied the claets of the conglomer-
ates of the formation (Fig. 3).

: 3 -
Figure 4. Magua conglomerate near base of
crmaticon south of Rodeo. Light=colored
pebbles are tomalite; angular cobbles are

Duarte greenstones. Compass for scale.

Limestones

Limestones within the formation are of
three main types:; limestome conglomerates,
bioclastic limestone, and massive- to thin- s ; :
bedded aphanitic limestone. Conglomerates Figure 5. Sedimentary breccia of the Magua
composed entirely of limestone pebbles have Formation south of Las Mesetas. Hammer on
been observed in the Arrovo Pananao (2798/ light-colored tonalite clast in center for
21419) and in the Rio Mao immediately south  scale.
of the Ipoa Fault. Congloemerate in the Ar-
rovyo Pananao consists of medium gray aphanitic limestone cobbles in & lighter-gray limestone
matrix. All cobbles are texturally similar and in thin section show pelagic foraminifera
and micropellets of calcite in an aphanitic base. Conglomerates in the Rio Mao show greate.
textural variation in the type of limestone clasts and alsc contain variable amounts of oth-
er rock types as clasts. With decrease in the number of limestone clasts, limestone con-
glomerates grade into lithic conglomerates lower in the section. Massive, gray or mottled
white and gray bioclastic limestomes occur as lenses within the lithic conglomerates and
form hills up to several hundred meters in length. These limestones are compoged of rudis=
tid fragments and other pelecypods, echinoid spines, and a few foraminifera in a crypto-
crystalline calcite matrix. Many samples of this type are partly recrystallized with veins
of coarsely crystalline calecite. Massive- to thin-bedded and intensely sheared and crumpled
limestones crop out along the road from Monciom to Las Masetas north of the Rodeo Basalt
Member. MNorthernmost exposures are of a mottled white and gray marble, which i1s also pre-
gent porth of Rodeo and in the Rioc Mac. In the Rio Mao unsheared Inoa Conglomerate is in
contact with this sheared marble, which grades southward into less sheared and finally into
unaheared limestone pebble comglomerate. Eaat of the Rio Mao toward Los Brujas, the character
of the limestone changes; degree of recrystallization is less pervasive, and isolated blocks
of aphanitic limestone are preserved between the shear planes.
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Sandstones and Sandy Mudstones

Approwimately 30 m of thin-bedded (3-8 em) gray sendstones and calecareous mudatones are
exposed in the Ric Guanajuma immediately south of the bridge on the road south of El Rubios
A similar 25-m thick sequence of calcarecus fine-grained sandstones and sandy mudstones is
exposed approximately 150 m south of fossil locality 2820/21407. Many of these fine sand-
stones and sandy mudstones, which have been traced along strike for approximately 600 m,
have unidentifiable plant debris on bedding surfaces. On cut surfaces the sandy mudstones
show graded lawinae of sand and disruption of this lamination by burrows. In thin section
the mudstone laminae show poorly preserved pelagic foraminifera, calcite-replaced radio-
laria, and circular cross sections of siliceous sponge (7)) spicules.

Rodes Basalt Membar

The Rodec Basalt has been mapped along strike for approzimately 9 lm and has a minimum
thickness of 100+20 m in the Rio Magua. The mumber of flows constituting the member was not
determined. Im thin section samples of the Rodeo Basalt resemble the witrophyric lawvas of
the Duarte sub-greenschist facies and consist of microporphyritic aggregates of clinopyrox—
ene set In a groundmass of plagioclase microlites and devitrified glasa. Patches of chlor=
ite, probably after olivine, together with tiny opaque oxides peppered throughout the de-
vitrified glass form the remainder of the rock. Amvgdule fillings inelude elear untwinned
albite, chlorite, epidote, and slightly birefringent analcime.

Environment of Deposition and Origin

Much of the clastic debris of the conglomerates can be assigned to known lithologic
types within the Duarte Formation or to rocks intrusive to that formstion. Limestone cob-
bles in the conglomerates may be largely intraformational inm origin. Source of the shale
and phyllitic shale, the gravwackes, and the leucocratic tuff fragments is not koown., In-
trusive feeders for the Rodeo Basalt and the basaltic volecaniec breccias were not located;
they may be beneath the younger Inca Comglomerate.

Coarseness of the debris and angularity of many of the cobbles and boulders indicate
existence of a rugged source area and wery short or megligible subaerial transport to the
basin of depesition. Some of the very angular clasts may have been transported to the edge
of the depositional basin by some type of mass transport mechanism.

Presence of pelagic foramimifera and radiolaria and absence of benthonic fauna in the
sandy mudstones are suggestive of a deep-water enviromment of deposition. Paucity of ob-
servable bedding in the conglomerates, poor sorting of the conglomerates and absence of gedi-
mentary structures in the sandstones indicative of shallow-water deposition also favor a
depositional eavironment below wave base. Submarine sliding was probably the principal
mechanism of conglomerate trangport to its ultimate basinal resting place. Bioclastic lime—
stone lenses with their peritic fauna appear to be of shallow-water origin and are in sharp
contrast to other rock types which appear to be of deep-water origin. One of these bio-
clagtic limestone lenses lies stratigraphically less than 150 m above radiclaria-bearing
mudstones. Bloclastic limestone lenses probably represent slide masses from contemporanecus
linestone reefs which grew along the margins of the depositional basin. Alternatively, they
could represent large allochthonous blocks from some pre-existing formation. A measure of
gupport for their belng contemporaneous reefs is afforded by the fact that large blocks of
other lithologies have not been found in the formation.

Age

Cooke (4N Vaughan ¢f af., 1922, p. 61) reports the rudistid genus Radiolifes from &
limestone, which from his locality description is immediately north of the Rodeoc Basalt and
west along the strike of the limestones mapped by the writer at Las Mesetas., Rudistid frag-
ments from three bioclastic limestone lenses within the formation have been identified by
A.G. Fischer as belonging to the family Radiolitidae. Species belonging to this family are
found throughout the Upper Cretacecus in the western hemisphere. Fossil localities where
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these rudistids have been found are 2806/21415, 2778/21415 and 2820/21407.

Planktonic foraminifera frem sitea 2798/21419 and 2837/21410 have been examined by E.A.
Pegsagno. Hie report is as follows:

Station 2798/21419: ano aphanitic limestone clast from an intraformational 1ime-
stone conglomerate
CP-012: Gfﬂﬁigﬁkiﬂﬂ Bp.
Globorofafin centrntis [7)
Globorotatia densa [7)
Globorotalia sp. (sharply keeled forms)
Stratigraphic determination: Upper Paleocene to Upper Eo-
cene, suggests Middle Eocene.
Station 2837/21410: aphanitic limestone
CP-538: OGloboretalia aragonensds [7)
GEobdigerina sp. (several species at least)
GEoborotalia sp. (keeled forms, several species at least)
Stratigraphic determination: Upper Paleocene to Upper Eo-
cene. Probably Lower to Middle Eocene,

_ The paleontological data offer two possibilities: (1) the rudistids are allochthonous,
and the formation is Early Tertiary in age as suggested by the foraminifera; or (2) since

all known occurrences of the rudistid-bearing biloclastic limestones are stratigraphically

below the foraminifera-bearing limestones, the formatlon may range in age from Late Mae-

strichtian (upper limit of the rudistids) to Middle Eoceme {probable age of the foraminifera).

The writer tentatively accepts the second possibility.

LO5 CAGUELLES LIMESTONE BRECCIA

A small plate of sedimentary limestone breccia about one square km im areal extent
rests unconformably on sub-greenschist facles rocks of the Duarte Formation at the settle-
ment of Los Caguelles. The breccia ia named for this settlement. At its northern limit
its thickness iz estimated as approximately 50 m; it apparently thins to a feather edge near
the road at Loa Caguelles.

The Los Caguelles Limestone Breccia is composed almost entirely of angular to sub-
rounded fragments of limestone in a dusky red matrix composed of earthy hematite, clay (?)
and calcite. Angular volcanic rocks constitute less than 10% of the clasts which range in
slze from 25 cm to less than 1 cm. The rock is poorly sorted, and although no stratificacion
was observed, it may be bedded as no deep exposures were seen.

Limestone fragments show a wide range in color and texture. Colors include light gravs,
pinks and grayish reds. The majority are aphanitic and delicately laminated; others are
microcequinas. Clast shapes of many of the limestones have been modified by post-deposition-
al solutlon. Some adjacent limestone clasts show marked interpenetration of one into the
other.

Volcanic clasts Include keratophyres and basic lavas similar to those of the sub—green-
schist facies of the Duarte Formation. Many are extengively replaced by calcite, and in
some of the basic lavas plagioelase laths are replaced by epidote. The latter replacement
was observed in the sub-greenachist facies rocks where they are in fault contact with the
greengchist facies of the Duarte Formation.

Age and Stratigraphic Relationships

A relative stratigraphic position for the Los Caguelles Limestone Breccia of post=
Duarte Formation and pre-Tabera Group is indicated as clasts of the breeeia have been found
in the Inoa Conglomerate of the Tabera Group. W.A. Berggren (personal communication, 1961)
identified Gfobofauncant sp. from one of the limestone clasts, which indicates that the 1ime-
stone supplying the clasts was of Late Cretaceous age. Chronological age of the formation
can be placed with certainty only within the limits post-Early Cretaceous, pre-Early
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Oligocene.

Its stratigraphic relationship to the Magua Formation is not known; however, the fold-
ing which involved rocks of the Magua Formation alse affected those of the Duarte Formation,
but the Los Caguelles Limestone Breccia was apparently not involved in this deformation. Om
this basias the writer considers its stratigraphic position to be post-Magua Formation and
pre=Tabera Group. Age suggested for the Los Caguelles Limestone Breccla is Late Eocemne.

Origin

Matrix of the breccia probably originated as a terra rossa developed on the parent lime-
stone. Source of the limestone clasts is oot known, but because of thelr angularity, it msust
have been very close to the depositional site. Spatial relationship of the breccia to faults
which place sub-greenschist facies rocks in contact with greenschist facies rocks of the
Duarte Formation, and presence of epidotized wolcanics in the breccla suggest that movement
on either of these faults was the coantrolling factor in breccia genesis. The material may
have been transported by a magg=-wasting mechanism, such as a mud flow, or by short stream
transport.

ROCKES OF UNCERTAIN STRATIGRAPHIC POSITION TMDERLYINC OLIGOCENE ROCKS

Rocks of uncertain stratigraphic position are exposed in three separate areas along the
Amina Fault. A fourth area, underlain by flow breccia, is exposed in the extreme eastern
portion of the map area. A common feature of all of these rocks is that they underlie, or
are ip fault contact with, Oligocene rocks of the Tabera Group.

Flow Brececla Northwest of La Vega

Basalt or basaltic andesite is exposed in a large road cut about 7 km northwest of La
Vega (northeastern extremity of Plate 1). These rocks have been described by Bowin (1986,
p. 52}, and the writer has no new evidence bearing on their age or stratigraphic positicn.
Flow breccias are in fault contact with conglomerates which are probably equivalent to the
Represa Conglomerate of the Tabera Group and are overlain to the north and east by Miocene
sedimentary rocks.

The Las Matas Breccila

Rocks described herein as the Las Matas Breccla crop out in two séeparate areas along
the Amina Fault west of San Jose de Las Matas. The two areas underlain by these rocks are
prominent in the field in that they form bush-covered topographic highs in contrast to arear
underlain by the Inoa Conglomerate. C(me area is approximately 2 km northwest of San Jose de
Las Matas; the other is 3/4 km west of the bridge at the Rio Amina.

Rock color varies from dark browm through greenish-brown to apple green. The rocks are
breccias in which fragments ramge in size from a fraction of a millimeter to over 4 cm in
diameter. Fragments are enclosed by either a more finely granulated and lighter=colored
matrix or by a network of veinlets. Thin sections examined indicate that fragments compos-
ing the breccia are texturally and mineralogically similar. Within fragments there is com-
monly a crudely developed microlamination contorted at the junction between fragments. Min-
eralogically, the fragments consist dominantly of quartz (maximum intercept diameter 0.04
mm) together with variable amounts of feldspar, pumpellylte and prehnite. Matrix between
the fragments consists of wariable proporticns of the above-named minerals together with
chlorite. Veins cutting these rocks consist of one or more of the minerals quartz, albite,
prehnite and pumpellyite. Irregular replacement patches of calcite are present in some of
the samples examined.

Brecciation of these tuffaceocus siltstones is considered to be a tectonic feature re-

lated to movement on the Amina Faule. All that can be said concerning stratigraphic posi-
tion of the tuffaceous siltstones of the Las Matas Breccia is that they are older than the
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Early Oligocene Inoa Conglomerate because they occur as pebbles in the conglomerate. Fur=-
ther refinement of their stratigraphic position may come from a study of pebbles in the

Magua Formatlon conglomerates. Las Matas rocks are readily identified in thin section, and

ghould their occurrence in the conglomerates of the Magus Formation be established, a post-
Duarte pre-Tertiary age would be indicated.

Rocks st El Rubio

A small area at the village of El Rublo 1g underlain by rocks which oceur in the same
structural setting as rocks of the Las Matas Breccla but differ from them im three respects:
{1} they are gpatiallvy associated with serpentinite; (2) oo volcanic siltstones are present;
and (3) although thev are brecciated on a small scale, as 1s the Las Matas Breccia, the E1
Rublo breccias wary in rock type from one outcrop to the pext. Unmetamorphesed and meca-

morphosed rocks are present within short distances of one another in a seemingly haphazard
fashion.

The rocks examined imclude the following: (1) a lava which resembles the sub-green-
schist facles lavas of the Duarte Formation; (2) a basic hornfels consisting of hornblende,
albite and quartz cut by veins of epidote and prehnite; (3) a pale greenish-white brecciated
rock consisting largely of clouded plagioclase together with clinopyroxene, sphene and a
trace of amphibole; and {4) altered diorite, which in all exposures fdund, i= badly weather-
ed. These rocks appear to be coarse-grained equivalents of the microdiorite type of inclu-
slon commonly found in the serpentinites.

The first two rocks described may be from the Duarte Formatiom; their degree of meta-
morphism bears no relatlon to the nearest exposures of serpentinite. These rocks may re-
present rocks metamorphosed at depth and subsequently tectonically carried with the serpen-
tinite to their present position.

TABERA GROUF

The name Tabera Formation was assigned by Cooke (in Vaughan e&f af., 1922, pp. 67-69) for
the sequence of blue-gray shale, sandstone, conglomerate, and minor limestone cropping out
in the vicinity of Tabera (now Tavera) along the Ric Yaque del Rorte. Cooke noted that the
formation rests unconformably on epidiorite (metadiabase, of the Duarte Formatiom) and is
overlain unconformably by the Lower Miocena Baitoa Formation. On the basis of fogslls col-
lected from these beds, Vaughan and Weodring {(4# Vaughan &i af,, 1922} assigned a Middle
Oligocene age to the formation. Bermudez (1949) has correlated rocks exposed in the Cordil-
lera Septentrional with the Tabera Formatilon.

The writer has recognized three distinct mappable units along this section of the Rio
Yaque and proposes that they be called formations of the Tabera Group. These formations
are, ag exposed along the Rio Yaque from south to nmorth:

(1) a sequence of calcareous mudstones and sandstones called the Velazquitos For-
mation, the basal conglomerate of which rests unconformably on sub-greenschist
facies rocks of the Duarte Formation;

(2) a thick sequence of conglomerate, here called the Represa Conglomerate, which
ig in fault contact with the Velazquitos Formatiom and is owerlainm with ap—
parent conformicy by:

{3) an upper sequence of sandstones and mudstones, here called the Janico Forma-
tion.

A fourth formation, the Imoa Conglomerate, composed dominantly of red boulder conglom=
erate is exposed in the western half of the map area., Tt is considered part of the Tabera
Group and is probably correlative with the Represa Conglomerate. In the northwestern ex-
tremity of the map area a small area is underlain by organic limestone, herein referred to
as the Moncion Limestone.

On paleontological evidence and structural considerations, the Represa and Inca Con-
glomerates are belleved to be the oldest formations of the group. The Velazquitos Formatiom
is considered to be stratigraphically above the Inoa and Represa Conglomerates. These three
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formations are Early Oligocene in age (see below). Although the Janico Formation conform—
ably overlies the Represa Conglomerate in the Rio Yaque, regional mapping indicates that

the Janico Formationm unconformably overlies all three of the Lower Oligocene formations of
the group. The Janico Formation and the Moncion Limestone are Middle or possibly Late Olig-
ccene in age.

The Inoa Conglomeérate

The Inoa Conglomerate is composed deminantly of red boulder conglomerate. The name was
originally proposed by Cucurulle (1961), who made brief mention of a red conglomerate expos-
ed in the Rio Inoa in the vicinity of San Jose de Las Matas, The formation cutcrops in a
narrow structural graben over most of its length. To the north it is in fault contact with
rocks of the Amina Formation (Fig. &), and locally it is overlain unconformsbly by the Jan-
ico Formation. To the south it is in fault contact with the Magua Formatiom, the Duarte
Formation and the Flacetas Batholith. This scouthern fault contact can be traced from the ex-
treme western part of the map area to the east of the settlement of Pedregal.

The area underlain by the Inoa Conglomer-
ate 1s structurally complex. Neither top nor
base of the formation was observed, and it is
consldered to have 8 minimum thickness of 600
m. The formation's most striking character—
istie is ita red color. 1In most outcrops the
red pigment permeates the matrix and coats
clasts so completely that the clasts have to
be broken for petrographic identification. In
the rarer non-red conglomerates the matrix is
a gray sand. Transition from red to gray may
be abrupt, and the line of separation ecoin-
cldes with bedding planea. TIn other expo-
sures transition is more gradational; the red
c¢color may grade into gray up or down section,
or the color change may be effected by sev-
eral meters or tens of meters of alternating o . ' .
red and gray beds. Figure 6. Inoa Conglomerate showing stretch-

ing of clasts near Amina Fault. Twenty-five

A number of distinet characteriarics ryp- meters south of firat ountcerop of the Amina
1fy conglomerates of these two color types: Formation in the Rio Amina.

(1) in red conglomerates clasts have
a greater average size and greater maximum size. Average boulder diameter is
approximately 25 cm; boulders 60-90 cm across are not uncommon. In contrast,
maximum observed clast dismeters of gray conglomerates are approximately 25
cm with the average being considerably less;

(2) gray conglomerates are better sorted than red conglomerates;

{3) bedding is better defimed in gray conglomerates; structural attitudes can be
determined in red conglomerates only infrequently;

(4) within gray conglomerates Interbedded sandstones are more common and have con-
siderable horizontal persistence. BRed sandstones within red conglomerates are
rare and occur as lenses several meters or tens of meters in length:

(5) marine fossils have only been found in the gray faciles;

(b) sand-sized materisl comstitutes a greater percentage of the matrix in gray con-
glomerates, whereas material of small pebble or granule size, together with a
hematitic "paste," constitutes most of the red conglomerate matrix.

Features which are common to both red and gray conglomerates are:
(1) similarity in degree of rounding of clasts. Most are well rounded.
(Z) no moticeable change in relative proportions of clast types in the two types
of conglomerate.

Conglomerate clasts are almost entirely of volcanic, metavolcanic and plutonic igneous
rocks. Sedimentary rocks Include chert and rare limestone. Clasts of boulder and large
cobble size can usually be identified as derived from ome of the formations south of the
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Inca Fault, 1.e., the Duarte Formatiom and tonalite. Of the limestone clasts, few can be
idenctified as derived from g particular formation. Limeatones bearing rudistid fragments
were observed and may be derived from the Magua Formation. Several clasts of the Los Ca-
guelles Limestone Breccia have been found. Fine tuffaceous siltetone pebbles similar to
those of the Las Matas Breccla have been examined in thin section. Perhaps the single most
abundant clast in the pebble-size fraction is a hard, medium-to-dark gray, laminated fine-
grained tuff. These types appear to be gimilar to the fine tuffs of the Tirec Formation
(Bowin, 1966, p. 45). Lesser amounts of andesitic lava clasts bearlng phenocrysts of pla-
gloclase are also found, and these likewlse may have been derived from the Tireo Formationm.

Sandstones within the conglomerastes are poorly sorted asrenites characterized by abun=-
dant rock fragments and mineralogically immature mineral grains. Quartz and plagioclase
typlecally constltute 50-60% of the mineral component of these rocks with the remalnder made
up of actinclite, hornblende, epldote, chlorite, muscovite, prehnite and opague oxides.
Rock fragments include rocks of the Duarte Formation, felslc tuffs, laminated tuffaceous
giltstones, tuffaceous wackes and chert. In the red sandstones, the red pigment is a hema-
titic paste, which forms a selvage between mineral grains and more or less permeates the
sedimentary rock Eragments.

The Represa Conglomerate

The Represa Conglomerate is named for the dam (la represa) under construction in the
Rio Yaque del Norte near the settlement of Los Ranchog de Tavera. At this place, rocks of
the Bepresa Conglomerate are in fault contact with sandstones and mudstones of the Velaz-
quitos Formation. WNorth of the Tavera Fault, nearly contlnuous exposures of this formation
can be seen in the gorge of the Ric Yague almost to the village of Baitoa. Good exposures
are also found south of Sabana Iglesia in the Bios Bac and Jaqua.

The base of the formation is not exposed; the lowermost exposed beds are in fault con-
tact with the Velazquitos Formatiom. In the Rio Yaque the top of the formation is conform-
ably overlain by sandstones and mudstones of the Janico Formation. South of Sabana Iglesia
in the Rio Bao, the upper contact is not exposed, but in outcrops of each of the two forma-
tions, which are approximately 30 m apart, structural attitudes are markedly different.
This structurally discordant relationship between the Represa Conglomerate and the Janico
Formation continues westward to within a mile of the townm of Janico, where both the con-
glomerate and the Tavera Fault are covered by younger rocks of the Janico Formation. A
thickness of 2400 m is graphically calculated from exposures along the Rio Yague dcl Horte.

The formation consists mainly of gray
conglomerate and gray conglomeratic sand=
gtone (Fig. 7). A few thin-bedded, calcare-
ous mudstones constitute an insignificant
part. An isolated lena of fosailiferous
buff=-colored limestone is exposed at the top
of the formation south of Baitoa {3214/21361).
Thiz limestons has a transitional contact
with the underlying conglomerate and on pale-
ontological grounds is correlated with the
limestone abowve the basal conglomerate of
the Velazquitos Formation.

The most striking characteristic of the
formation is its uniform appearance through-
out its entire thickness; gray color, excel-
lent bedding, and a large amount of sand

e
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matrix give the conglomerate a disrupted Iﬁgg;g_! Represa Conglomerate approximately
textural framewvork. Outcrops at the top of 1% km morth of the Tavera Fault in the Rio
the section differ in no obvious respect Yaque. Pebbly sandatome bed in center ls
from those near the base. There is no no- 35 em thick.

ticeable change in pebble size, rTelative pro-

portions of pebble types, texture, or bedding characteristics.
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Bedding occurs in several scales of thickness; commonly, beds with sharp upper and low-
er contacts are from 1% to 10 m thick. Within one of these thick beds are secondary fea-
tures, such as layers of coarse lithic sandstone, that define stratification. Some of these
sandstones grade downward, or downward and upward, into conglomerate, in the former case ex-
hibiting erudely developed graded bedding. Along river valleys individusl beds of sand-
stone less than 30 cm thick have been traced along strike for at least 65 m.

The majority of the clasts fall into the size range between 1 and 12 cm. 4 contrasting
feature of the Represa Conglomerate, as compared with the basal conglomerate of the Velaz-
quitos Formation or the gray conglomerates of the Inoca Conglomerate, is the greater propor-
tion of sand- and granule-size matrix. Although in some layers pebbles are densely packed
and are in mutual contact, most of the conglomerate is best described as conglomeratic sand-
stone. The sandstone matrix is locally calcareous and bears marine fossils (orbitoidal fo-
raminifera and other unidentifiable types). Rarely are the clasts bonded by a limestone
matrix relatively free of terrigenous sand.

The clasts are almost entirely of volecanic and metavolcanic rocks. Tonalite, horn-
blendite, and rocks of the Duarte Formation have all been cbserved, By far the most abun—
dant clasts are hard black-to-gray and yellow-green volcanic rocks. As in the Inoa Conglom-
erate, the source of these types may have been the Tireo Formation.

The Velarzquitos Formation

The Velazquitos Formation is named for an arroyo which enters the Rio Taque del NHorte,
but it is well exposed alsoc in the Rios Yaque, Guanajuma, Baiguaque, Jaqua and Baoc. The
base of the formation rests unconformably on rocks of the Duarte Formation; the top of the
formation is not cbserved. Te the north, the fermatien is in fault contact with the Represa
Conglomerate. Because of intense disharmenic folding, no estimate of thickness is made.

The base is conglomerate, varying from a few meters to over 60 m in thickness and dip-
ping with low to moderate angles off the older rocks of the Dmarte Formation. Where it 1s
thickest, it 1s composed of subangular to subrounded boulders up to 1 m in diameter set in
a matrix of subangular cobbles, pebbles and sandstone. Where the hasal conglomerate is thin,
ag in the Rio Cuanajuma, it 1s composed of smaller pebbles set in 2 calcareous sandy matrix.
In most places it is conformably overlaln by an organic limestone that forms & more or less
continuous ridge from east of the Ric Baiguaque to the eastern end of the map area, where
the base of the Tabera Group abuts against a prong of the Loma Caribe serpentinized perido-—
tite. In the Rio Yaque it ia approximately 15 m thick, and probably nowhere does it excead
30 m in thickness. The limestone, which iz olive-gray to yellowlsh-gray in color, contains
abundant algae and orbitoidal foraminifera. West of the Ric Jagua north of Les Caguelles,
the limestone 1s absent, and its place is taken by a calcareous conglomeratic sandstone a-
bout 10 m thick which is made up of at least 50% orbitoidal foraminifera.

The hasal conglomerate and limestone are conformably overlain by a monotonous sequence
of dark gray rocks in which calcareous mudstones and fine- to medium-grained sandstone are
the dominant types. Coarse sandstones are subordinate, forming about 30% of the thicknees.
Individual beds of pebble conglomerate and pebbly sandstones are rare. Mudstones and fine-
to medium-grained sandstones generally occur in beds 3-10 eém thick. Coarse sandstone beds
vary between 30 and 60 cm, and pebble conglemerates and pebbly sandstones occur in beds ap-—
proximately 1 m thick. Cross-bedding and ripple marks were not seen. The coarse sandstones
are not obviously graded; where interbedded with mudstones, upper and lower contacts are
sharp. A few of the fine-grained sandstones and silty mudstones are graded, however, as are
some of the pebbly sandstomes that rest on scoured surfaces on underlying mudstone or sand-
atone. FPlant debris and unidentifiasble leaf fragements are not uncommon on bedding planes,
and thin seams of coal were found in cne calcareous sandstone bed.

Although wmost of the sandstomes appear to be graywackes in hand specimen, thin section
examination shows that nome of them have 10% argillaceous matrix, and therefore they are
arenites rather than wackes. They are all characterized by a high percentage of angular,
poorly sorted, unstable mineral and rock fragments. Calcite is the cement. The mudstones
are calcarecus and generally lack a bedding plane fissility in that they tend to break into
small irregular sharp chipa. All wmudstones contain a moderate amount of very fine sand-
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and silt-sized grains of quartz and other minerals typical of the sandstones. The mud ma-
trix consists of clay, carbonaceous matter, turbid calcite and small foraminifera. Two sam-
ples examined by x-ray diffraction showed that montmorillonite and chlorite are the princi-
pal clay minerals.

The Janico Farmafinn

Excallent exposures of the Janico Formation occur near the town of Janico along the
road te Santilago and along the road between Janico and San Jose de Las Matas., Readily ac-
cessible exposures are also present im the Rio Bao at Sabana Iglesia and in the REio Yaque
near Baitoa. The formation unconformably overlies the Inoa Conglomerate and the Represa
Conglomerate as far east as Sabana Iglesia. In the Rio Yaque del Worte it rests conformably
on the Represa Conglomerate and 1s unconformably overlain by the Lower Miocene Cercado For-
mation., From exposutres in the Rio Yaqgue, its thickness is estimated at 760 m.

The formation consists of calcareous sandstones and mudstones together with minor a-
mounts of pebble conglomerate. The sandstones and mudstones are medium—light gray where
frash ("blue-gray shales" of Cooke N Vaughan ef af., 1922) and are yellowish when weather-
ed. Thin and very persistent bedding is typical of the formation. Medium— and thick-bedded
sandstones are restricted to the lower part of the section. The sandstones are well-to-
moderately well indurated and stand out a3 ribs between the mudstones, which crumble into
concholdal fragments. Many of the sandstones and mudstones have laminations of ceoarser sand
or fine silt, which in many beds are disrupted by worm burrows. Graded bedding is present
in only a few sandstones and is never conspicuous in outcrop. Graded laminae in the mud-
stones have been seen but thev, too, are infrequent. Irregular polygonal fractures, which
look like mudcracks, are present on some bedding planes of the sandstones. Abundance of
pelagic foraminifera in the interlayered mudstones makes it unlikely, however, that these
représent true dessication features formed by subaerial exposure. Fragmentary plant leaf
impresgions are present In some sandstones and are present 1n abundance within the mudstones.

Lighter color of the sandstones, as compared to those of the Velazquitos Formation, is
reflected in thelr mineral composition. Several significant differences are: (1) absence
of pyroxene and a considerably smaller proportion of other ferromagnesian minerals; (2) the
moreé weathered nature of rock fragments with only the more resistant types remaining; and
{3) a very large amount of calcite cement and matrix. In many sandstones calcite forms 40%
or more of the rock, and few of the detrital silicate grains are in mutual contact. Presence
0f calcareous foraminifera indicates that the rocks originated by intermixing of terrigenous
detritus with carbonate mud and sand in the depositional basin. In some sandstones radio-
laria are completely replaced by calcite.

All of the mudstones are calcareous, and many which lack silt laminations could proper-
1y be called clavstones. Because of their poor induration, only one mudstone was studied
in thin section and showed the only fossils to be pelaglc foraminifera and calcite-replaced
radiolaria. Foraminifera were separated from another claystone and were entirely pelagic
types (W.A. Bergpren, personal communicatiom, 1961). Four clavatones were examined by x-
ray diffraction; montmorillonite and chlorite are present 1n all, and a trace of 1llite is
present in one.

The conglomerates are of two types. Ome occurs as  igolated thick beds (1-5 m thick),
or in a gerles of thick beds aggregating tens of meters in thickness. These contain pebble-
and small cobble-sired clasts and have a large amount of sandy matrix. They differ in no
respect from the rocks of the Represa Conglomerate except for concentrations of coral de-
bris and modules of algal limestone on bedding planes. This type of comglomerate has only
been found in the Rio Yaque at Baitoz and east of Sabana Iglesia in the Rio Bao. These two
occurrences probably represent the same beds. The second conglomerate type occurs in much
thinner beds {(4=60 cm thick) and has sharp contacts with adjoining sandstone and claystone
beds. Beds of this type have moderately well slze-sorted rounded pebbles wp to 2 cm in dia-
matear.
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The Moncion Limestone

A promimant cliff of limestone 1s exposed 3-4 km west-northwest of the towm of Monciom.
At Gurabo the limestone rests unconformably on the Amina Formation and is unconformably over-
lain by the Early Miocene Cercado Formation. Thickness of the Moncion Limestone was not
measured, but it probably does not exceed 45 m.

The limestone 1s a vellowish-gray, hard, organic limestone. Where stratification is
seen, it is in thick, ill-defined beds. Algae and large orbitoidal foraminifera are con-—
splcuous componenta of the rock. Thin section examination shows that algae, coral fragments,
millipores, and large and small benthonic foraminmifera compose from 50 to as much as 80% of
the limestone. The limestone matrix shows irrvegular distribution of several textural types
of caleite, which suggests disturbance by burrowing organisms.

Paleontology and Age of the Tabera Group

Paleontology of the Represa Conglomerate

An upper limit is placed on the age of the Represa Conglomerate from the fauna of the
limestone at the top of the conglomerate south of Baitoa. The following is an excerpt from
the report of W.S. Cole (personal communication, 1962) on specimen CP-689 collected at sta-
tion 3214/21361: "The dominant, large specimens are Lepidocgyelina (Ewlepidina) undosa Cush-
man. There are rather numercus sections of Camerdina dia (Cole and Ponton), and rarer sec=
tions of Lepidooyelina [lepidocyoling) canefied Lemoine and R. Douville, 1In addition, there
may be present Lepidocyclina (Eufepidinz) gurnagumensis Cushman, but I cannot be absolutely
certaln. The association is typical of certain parts of the Meson Formation of Mexico and
the Suwannee Limestone of Florida. In faet, I would place it equal to the Staebfus mexd-
canws mecatepecendis zone of the Suwannee, as I cbserved some sections I am certain repre-
sent this specles.”

Paleontology of the Inoa Conglomerate

The following material was collected from gray sandstones of the Inoa Conglomerate.
The large foraminifera were determined by W.5. Cole and the single coral by J.W. Wells:
Statlon 3076/21367: coarse gray sandstone bed within conglomerate
CP-315: Llepidocyclina (Eulepidinal undosa Cushman (fragments scarce)
Openculing dia (Cole and Ponton)
Station 28835/21401; coarse gray fossiliferous sandstones and pebbly sandstones
within conglomerate
CP-745: Heterpstegina antillea Cushman
Lepidocyeling (Enfepidina) wundosa Cushman
CP=747: Llepidecyclina [Eulepidina) giraudi R. Douville
lepidocyedina [Eufepidina) undosa Cushman
Camerina dia (Cole and Ponton)
Station 2796/21452: calcareous gray sandstone
CP=910: [lepidocyclina [Eufepidina] undesa Cushman
Lepddocyeling (Enfepddina) yurnagurensis Cushman
Heferostenina antiffea Cushman
CP-909: lepfonda sp. aff. L. spencerd Vaughan (coral). O0lig., Cuba

Faleontology of the Velazquitos Formation

W.5. Cole (personal communication, 1960, 1961) has determined a number of large foram-
inifera from samples collected by the writer from the base of the Velazquites Formation:
Station 3236/21285: light gray-to-buff algal limestone above the basal conglom-
erate
CP=463a: Openculina dia (Cole and Ponton)
Lepidocyeding [Eulfepidina) undesa Cushman
CP-463b: same as CP-463a but alsc hears Llepddecycfina (Lepidocycfinal
aéraudi
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Statlon 3102/21339: fossiliferous sandstone at the top of the basal conglomerate
CP=-634: Cametdima dia (Cole and Ponton)
Lepidocyelina |Eufepidina) undosa Cushman
Station 3079/21345: funiiliferugiﬂﬂandutune :
CP=-404: Operenfina dia (Cole and Ponton
Lepidocyeling (Eufepidina) undosd Cushman
CP=405a: ﬂpﬂ.’tﬂuﬁm diz (Cole and Ponton)
Lepidocyelina |Lepidocyelina) giraudi
Lepidocyeling (Eulepiding] undoéa Cushman
CP-405b: (perculing dia (Cole and Ponton}
Lepidocyeling [Eulepidina) yutnagunensis Cushman
Lepidocyeling (Eufepidina) undosa Cushman

Age of the Velazquitos Formation, Inoa Conglomerate and La Represa Conglomerate

Eegarding the age of the Velazquitos Formation and the Inoa Conglomerate, Cole writes
{personal communication, 1961) concerning the above fossil determinations: "The sections
all seen to represent my Lépddocyeling subzone of the Oligocene Eufepidina zome, therefore,
Lower Oligocene as I recognize it at present. There is no indication of the Miogypsina sub-
zone of the Eulepidint zome which I comsider to be Upper Oligocene. However, the faunas are
small, and therefore characteristlic species of the wpper subzone are mot present. The spe-
cies present all range thrnughnut the Eufepidina zone; therefore, I am basing my conclusion
in part on negative evidence.'

In earlier correspondence he writes: "An approximate correlation would be with parte
of the Meson Formation of Mexico, the Suwannee Limestone of Florida and the Bohio Formation
of Panama."

All four species of foraminifera from the limeatone at the top of the Represa Conglom—
erate are present in the basal limestone of the Velazquitos Formation. These foraminifera
indicate an upper age limit of Early Oligocene for the Represa Conglomerate.

Paleontology and Age of the Janico Formation

Bermudez (1949) studied foraminifera from three localities (labeled ss hie sites
H15161, H15154 and H15179) within the Janico Formation of this study. These three locali-
ties yielded a total of nine speclea from which Bermudez estimated a Middle Oligocene age.

W.A. Berggren (personal communication, 1961) identified the following species from a

mudstone, CP-620, collected at 3076/21382: S
Globigenina ciperoensis augusiiumbilicata Bolld
GLobigerina globufaris Roemer
Globigerdina of. inifocularis d'orbigny
Age: Giobigevina ciperoensis augustiombificata and Glogi-
genina tnifocufanis are present im the Oligocene portiom of
the Ciperc Formatiom of Trinidad (Bolli, 1957).

J.W, Wells identified the following corals collected by the writer from a coral-rich
bed on the upper bedding plane of a conglomerate bed at Baitoa (3205/21378). Wells writes
{personal communication, 1961) with regard to these corals: "The corals you sent are in a
sad state of preservation, and I can give only approximate identifications of these reef
corals as followsa:

CP=722, CP=723: Montastrea sp. cf. M. canafis Vaughan. Upper Oligocene,
Anguilla, C.Z.
CP-724: Sidenastnea sp. of. 5. patiana (Duncan). Oligocene, Trinidad.
Alzo much like S, hadians (Pallas). Pliocene to Recent."

The age ot the Janico Formation is Middle or possibly Late Oligocena.
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Paleontolo and & of the Moncion Formation

Thin sections of samples from two localities were examined by P.J. Bermudez and W.S.
Cole. Those with concentratione of small foraminifera are reported by Bermudez as follows:
"'Station 2680/21507:
CP=973: Canpenterdia ep.
Amphistegina sp.
Rotafia mexicana mecatepecendis Nuttal
Algas calcareas
Fragmentos de corales
Fosiles sin determinar
Station 2660/21507:
CP=975: Amphisfegina sp.
Canpenteria sp. (fragmentos)
Planoxbulinelfa sp. (fragmentos)
Rotalia mexicana mecatepecensisd NHuttal
Algas calcareas
Espinas de equinoideos (Cidarid sp.)
Fragmentos de corales

Station 2699/21491:

CP-978: Amphistegina sp.
Carpenteria sp.
Heterostegina Lsxaelsbyd Gravell y Hanma
Lepddo {na sp. cf. L. wndosa Cushman
Rofalia mexicana mecatepecensis Nurtal
Algas calcareas
Fragmentos de foraminiferos

Station 2699/21491:
CP=980: Amphisfegina sp.
Carpenteria sp. (fragmentos)
Globigerdina sp.
Heterostegina israefsbyl Gravell y Hanna
Gypaina sp.
Lepidocyeling sp. of L. favosa Cushman"”

Bermudez makes the following comment regarding age of the Moncion Limestone: "Estas
calizas se extienden a lo largo del flanco sur de la Cordillera Septentrional vy se cree que
pueden tener una edad de Eocene superior a Oligoceno medio, pudiendose correlacionar con las
callizas que afloran en la Sierra de Meiba. El material estudiade es ouy fosilifero v con-
tiene abundantes ejemplares de Refalia mexicana mecaiepecensdis Wuttal, Heleapsfegdna {sraef-
skyi Gravell y Hanna v especies grandes de Lepidocycfina, los que indican una edad probable-
mente de Oligocene medio.™

W.8. Cole examined the large foraminifera and reports the following (personal communi-
cationm, 1961):
Scation 2699/21491:
CP-980: Lepidoeyelina (Ewulepidinz) widesa Cushman (abundant)
Lepidocyelina |Ewlepidina] fowtnousrdi Lem and R. Douville
{frequent}
Heterosdegina antillea Cushman (rare)

Cole makes the following comment on the age: "The age indicated is Upper Oligocene.
Hany of the speclmens are broken and abraided. This might indicate transportation, but
seemingly there are no foreign elements in the fauna."

The age of the Moocionm Limestones can be considered, therefore, as either Hiddle Oligo-=
cene or Late Oligocene. The Moncliom Limestone may correlate with the Janico Formation.

Envircoment of Deposition and Structural History of the Tabera Group

Because the Inca Conglomerate, the Represa Conglomerate and the Velazquitos Formation
have been shown to be of the same age, within the limits of paleontological data, and no
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uncenformity is recognized among these formations, they will be treated together.

During the course of field investigation, the writer made some observations on compe-
tence of rivers which flow across the contact of the Oligocene formations with older rocks
to the south. With present-day relief these rivers have competency to transport boulders
of quartz diorite and amphibelite (up te 2 m in diameter) approximately 1 km and boulders
(up to 60 cm in dismeter) at least 8 km from the closest source of these rock types. Thus,
pregent-day relief is more tham adequate to supply boulders of the size found in the Inoa

Conglomerate.

Differences in texture and bedding of the red and gray facies of the Inoa Conglomerate
indicate that depositional conditions were not uniform. Since marine fossils have been
found only in the gray facies, constrasting differences are assumed to be related to sub-
aerisl deposition of the red facies and marine deposition of the gray facies. The Represa
Conglomerate is marine and has a disrupted textural framework and crudely developed graded
bedding, which suggests deposition below wave base. Rocks of the Velarquitos Fermation are
marine and, with the exception of the basal conglomerate and basal limestone, appear to have
been deposited balow wave base, as is suggested by local presence of graded bedding and ab-
sence of shallow-water sedimentary features. Vaughan (1933) considers 50 m as the probable
maximum depth of water im which the orbiteidal foraminifera cccurring in all three forma-
tions lived. These foraminifera indicate a reliable maximum depth of depositiom for the
gray facies of the Inoa Conglomerate and the basal beds of the Velazquitos Formation. Their
occurrence In the coarse sandstones and pebble conglomerates and absence in the mudstones of
the Velazquitos Formation suggest that they may have been transported to greater depths dur-
ing deposition. Where they do occur in the Represa Conglomerate, they are always fragmen—
tary and may have been transported to depths greater than 50 m.

It 18 to be noted (Plate 1) that the Inoa Conglomerate is in fault comtact with older
rocks to the south, whereas the Velazquitos Formation lies unconformably on the older rocks
of the Duarte Formation. Both the Inca Fault and the basal sedimentary contact of the Velaz-
quitos Formatlion are very straight features and are along strike of one another. This sug-
gests that the surface trace of the unconformable surface between the Velazquitos and Duarte
Formations may represent a recessed fault scarp. It is proposed that the Imoa Fault and its
buried extension occur a short distance north of the present basal contact of the Velazqui-
tos Formation and that the fault was active during the time of deposition of the Inoa and
Represa Conglomerates.

Accordingly, it is suggested that the western half of the map area in Early Oligocene
time was a fairly mountainous area similar to that existing today and bounded on the north
by an active Inca Fault, WNorth of the fault, streams deposited their loads, part of which
was periodically reworked by landward trensgressions of the shoreline. Farther east, simi-
lar conglomerates were deposited and abraded to finer sizes along the shoreline. When fault
movement ceased, the basal conglomerate of the Velazquitos Formation was deposited, followed
by the basal limestone of the Velazquitos Formation and the limestone on top of the Represa
Conglomerate south of Baitos. The sea then transgressed over the fault and some unknowm a-
mount of rugged gource area to the south. The remaining source area continued to supply an
abundance of mineralogically immature detritus, which, in part at least, was carried below
wave bage by turbidity currents forming the sandstones and mudstones of the Velazquitos
Formatiom.

Lower Oligocene rocks were then folded, with more incompetent sandstones and mudstones
of the Velazquitos Formation folding disharmonically over the more competent Represa Con=
glomerate beneath. The Represa Conglomerate was upfaulted along the Tavera Fault, and at
this time vertical movement probably began along the Amina Fault, enclosing the Inoa Con-
glomerate in a structural graben. Erosion continued, followed by subsidence in Middle 0li-
gocens time.

The mineraloglcally more mature sands of the Janice Formation indicate that by Middle
Oligocene time the source area was reduced somewhat in ralief. Presence of corals and a-
bundance of benthonic foraminifera, carbonete mud and sand indicate that terrigenous sands
accumulated on a shallow marine shelf; claystones with their deeper-water fauna suggest pe-
lagic sedimentation. Regular repetition of alternating claystones and sandstones is best
explained by normal pelagic sedimentation of relatively deep-water marine clays, interrupted
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periodically by turbidity current influxes of calcareous sands.
In contrast, the broken and abraded nature of orbitoidal foraminifera from the Middle—

to-Late Oligocene Moncion Limestone indicates that the depositional basin was shallow and the
water fairly turbulent in the western part of the map area.

MIOCENE SEDIMENTARY ROCKS

A thieck, spparently conformable sequence of Lower, Middle and Upper Mioccene sedimen—
tary rocks underlies a 25-45-km wide belt between the Cordillera Central and the Cordillera
Septentrional. These rocks of the Cibao region have been studied by a number of workers at-
tracted by thelr rich fossil faunas (Moore, 1849; Hensken, 1853; Maury, 1917: Cooke iR
Vaughan et af., 1922; and Bermudez, 1949). Only the lowermost Miocene beds, those of the
Cercado Formation and its Bulla Conglomerate Member, are exposed in the map area of this

study.

The Cercado Formatiom comsists of medium=-to-thick-bedded calcarecus sandstones. The
base of the formation is conglomeratic, and where these conglomerates have appreciable thick-
néss, they have been mapped as the Bulla Conglomerate. The Cercado Formation, or its basal
member, rests unconformably on the Duarte and Amina Pormations and on the Oligocene rocks of
the Tabera Group. The Bulla Conglomerate has a thickness of approximately 120 m at the type
locality (Cooke .in Vaughan et af., 1922), and Bermudez (1949, p. 14) gives 580 m as the
thickness of the Cercade Formation im the Rio Mao.

The Bulla Conglomerate censists of lithic conglomerate composed of well-rounded to sub-—
rounded boulders, cobbles and pebbles in a rusty-celored sand or grit matrix. Clast types
in order of decreasing abundance are tonalite, greenstones, felsic tuffs, and vein guartz.
Where exposed in road cuts, most of the tonalite and greenstone clasts are badly weathered
and erumble with ome blow of the pick. The sand matrix is semi-consolidated and locally
calcareous. Cross-bedded lenses occur sporadically. The conglomerate is also locally cal-
careous and fossiliferous, e.g., at Baitoa.

Calecareous sandstones of the Cercado Formation overlie the basal conglomerates with
either a transitional contact or an abrupt conformable contact. These thick-bedded sand-
stones range ln color from light yellowish-gray te greenish-gray. Cross bedding iz locally
seen and is particularly well developed in exposures along the road between El Rubio and
Bulla. Probably the best lithological criteria im distinguishing the Cercado Formation from
the younger Miocene formations of the Cibao region are the presence of discoidal, well in-
durated masses of sandatone or pockets of coquina averaging 1% m in dismeter and 30 cm in
thickness. They form discontimious lenses aligned parallel to the bedding and are very con—
spicucus where they occur within more friable and less calcareous sandstone. The coquinas
are composed of pelecypod and gastropod shells together with their intermal and external
molds. Bryozoa, corals and echinoderms are less abundant. These types of shallow-water
fossils, together with rare well preserved plant leaves, are found in the less calecareous
gandstones but in much less abundance.

Local presence of marine foseils In the Bulla Conglomerate indicates that part of this
member is marimne. It appears likely that this conglomerate represents a strand-line type
of deposit, in part marine and in part fluvial in origin. Thick and locally cross-bedded
sandstones of the Cercado Formation indicate deposition in a high energy enviromnment. A-
bundance of molluscs, lncluding many relatively thick-shelled types, indicates very shallow
marine depositional conditions.

INTRUSIVE ROCES

Serpentinized Peridetite

SJerpentinites are abundant only in the eastern part of the map area where they occur
as bodies satellitic to the Loma Carlbe serpentinized peridetite (Bowin, 1966, pp. 58-62).
These satellitic bodies cccur within the eastern sub-greenschist facies of the Duarte For-
mation, or Wwithin or in contact with, Lower Oligocene rocks of the Tabera Group. Only one
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occurrence of serpentinite is known in the western part of the map area; this body, less
than 100 m in outcrop width, is at the village of El Rublo.

Most of Bowin's (1966) observations percaining to the Loma Caribe mass alsc apply to
smaller bodies within the present map area. These bodies are virtually totally serpentin—
ized and in outcrop display a multiplicity of smooth irregularly-trending joints and frac-
ture surfaces which are blue or green in color. On freshly broken surfaces the serpentin—
ite is greenish-black or black with a resinous lustre. Orthopyroxene or bastite pseudo=
morphs of orthopyroxene are the only identifiable relict minerals seen In hand specimens.

The majority of the rocks studied in thin section are completely serpentinized with
chrysotile as the dominant serpentine mineral. Bastite pseudomorphs of orthopyronxene con-
stitute as much as 25% of some rocks. 1In unsheared specimens mesh structure, outlined by
the concentration of magnetite in polygonal patterns, is well preserved. Chromite, though
much less abundant than magnetite, occurs in larger rounded-to-irregular-shaped grains. A
amall amount of relict olivine and orthopyroxene was present in only one of the thin sec-
tions examined. Absence of plagloclase and clinopyroxene suggests that rhe original rocks
were dunite and harzburgite.

Mumeroue inclusions of altered rocks within the serpentinites cam be grouped into two
end-member types, the most abundant of which is a hard, medium-to-dark gray, fine-to-medium-
grained massive rock. Coarser varieties have the appearance of microdiorite or diabase;
finer-grained ones have the texture of hornfels. The second type of inclusions is aphanitic,
dense, white-to-cream—colored rodingites.

The microdiorite type occurs as blocks ranging from a fraction of a meter to tens of
meters across. Edges and corners of these blocks may be either rounded or angular. In thin
section the least altered of the microdiorite type shows an igneous texture of clouded laths
of plagioclase (medium oligoclase to sodic andesine} and hornblende. The hornblende 1s dis-
tinctive in that parts of individual crystals have a reddish-brown ecolor which grades inte
pale or medium green. The more intensely altered specimens have a hornfelsie texture and
censist of an aggregate of pale green amphibole with browmish tinge and prehnite. As in the
less altered specimens, ilmenite, sphene and leucoxene are present in accessory amounts.

Blocks of rodingite have been found in only one of the serpentinite bodies (exclusive
of the Loma Caribe serpentinized peridotite}. They occur in the small serpentinite mass ex-
posed in the Rio Yague south of the Tabera Group-Duarte Formation contact. A sample of ome
of these blocks was examined in thin section and hy x-ray diffraction and shows the rock teo
conslst of anhedral, turbid hydrogarnet (a,=11.95 tﬂ+0ﬂﬂx. W=1.68520.003) , clinopyroxene,
vesuvianite, chlarite, and a colorless mineral with very low birefringence and mean E.I. of
1.602., Velns of ewhedral salite {Evi-jﬂﬂ, Ny=1.690) and minor chlorite cut the rock. A
dark reaction rim surrounding the block consists of serpentine and 147 A° chlorite.

Bowin (1966, p. 60) has described rocks which are intermediate In mineralogy between
the microdiorite types and the rodingite described above. The writer concurs with Bowin
(1966) that the most probable explanation for these inclusioms 1s that they tepresent vari-
ably altered dike rocks which were brecciated during tectonic movement of the serpentinized
peridotite.

Because of general absence of contact metamorphic effects between country rocks and
serpentinized peridotites (Bowin, 1966, pp. 61-62, and observatioms of the writer), the ser-
pentinized peridotites are not considered to be intrusive rocks in the magmatic sense. Evi-
dence gathered from field geclogy, marine geology and geophysics, and experimental petrology
aver the last decade indicates that the serpentinized peridotites in the Greater Antilles
most probably represent upper mantle rocks which have reached the present surface as scolids
{Hess, 1966), The serpentinites are interpreted as basement and appear at the base of the
stratigraphic sequence im Figure 1, even though they have been tectonically transported up-
ward as late in time as Early Oligocene,

Disbase and Metadiabase

Only two small bodies of diabase and metadiabase have been mapped; float of diabase and
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metadiabase was found in otfher areas underlain by the Duarte Formatiom, but the scale of
field mapping did not permit delimitation of these intrusive bodies.

One of the mapped units is a fine-to-medium-grained metadiabase that occurs ag g sill
within bedded cherts of the Duarte Formation south of Pinalito., Original igneous texture
of the rock has largely been obliterated. The rock consists of a granoblastic aggregate of
pale green amphibole, albite, and epidote, with lesser amounts of chlorite and leucoxene.
The greenschist facies mineralogy implies that the sill was emplaced prior to the regional
metamorphism of the Duarte Formation. -

The second of the mapped units is exposed in the eagtern part of the map area south-
west of the settlement of Bavacanes. This intrusive body 1z In contact with sub-greenschist
facies rocks of the Duarte Formation and the Loma Caribe serpentinized peridotite. It is
fault-bounded on two sides by Lower Oligoceme rocks of the Tabera Group. In contrast with
the sill south of Pinalito, the disbase southwest of Bayacanes still retains an ignecus
texture, especially in exposures distant from contacts with other rock units. A sample col-
lected near the center of the intrusive shows augite interstitial to, and ophitically en-
closing, plagioclase laths. Plagioclase occurs in laths between ? and 0.5 mm in length and
Eorms approximately 55% of the rock. The plagioclase is partially replaced by chlorite,
prehnite and epidote. Actinolite and chlorite partially replace augite and also occur in-
tersticially to plagioclase. Accessory amounts of quartz and ilmenite are also present.
Samples collected close to fault contacts are finer-grained and resemble hornfels in hand
specimens. A thin section of one of theasge semples shows complete recomstitution to albite—
amphibole rocks cut by sbundant veinlets of prehnite., Degree of alteration of the intrusive
southwest of Bayacanes is similar to that in lavas of the sub-greenschist facies of the
Duarte Formation. This Intrusive and the sill south of Pinalito therefore are thought to
have been emplaced prior te the time of metamorphism of the Duarte Formation.

Tonalite

Tonalite plutons ranging in size from small bodies a fraction of a square km to bodies
of batholithic dimensions underlie large areas of central Hispaniola. 1In general, these
areas are less rugged and of lower elevation than the surrounding country rocks. Topograph-
ic change does not follow outlines of the plutons in detail, however; many contacts occur
part way up steeper slopes which enclose low-lying areas underlain by igneous rocks. Plu-
tonic rocks weather more rapidly than enclosing volcanic and metavolcanic rocks and produce
4 quartecse granular soil. Such soil 13 a valuable aid in mapping plutonic outlines but =o
blankets the ares that 1t ig d1ffieult to obtain fresh samples for petrographic examination
and to observe Internal gtructure snd contact relationships.

The writer uses the terms 'tonalite' and 'quartz diorite’ synonymously. Classification
is that of Peterson (1961), in which quartz diorite is defined as a granitold rock in which
potassium feldspar forms 1/10 or less of the feldspar and quartz constitutes more than 10%
of the total rock. The two types of tomalites, namely folfated and unfoliated, mapped by
Bowin (1966, pp. 66-70) in the central Dominican Republic have been recognized in the pre-
sent area. Because hornblende is the characteristic varietal mineral of the unfoliated
tonalites, these rocks are called hornblende tonalites in this report. TFoliated tonalites
typically have a lower color index and are herein called leucotonalites.

Laboratory study of these rocks was based on 35 thin sections, The sections were stain-
ed for both . potassium feldspar and plagioclase, following the method of Bailey and Stevens
(1960), and modal analyses (2000 point counts) were made with a mechanical point counter,
Results of modal analyses of leucotonalite samples are given in Table 2, and those of sam-
Ples from the Placetas Batholith, considered to be typical of all the hornblende tonalites,
in Table 3. FPlagioclase compositions were determined by index of refraction measurements
of feldspar powder cencentrates from crushed portions of the samples,

Granitic rocks of the circum-Caribbean region sre characterized by low potassium con-
tents. In over 30 thin sections of acid plutonic rocks from the Dominican Republic studied
by Bowin {1966) and this writer, the maximum amount of potash feldspar 1s 5.1% by volume.
Quartz diorites are the prevalemt type of granitic reck west of "the quartz diorite line"
of western North America (Moore ef al., 1961), This observation has been taken as evidence
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Sample Non-op
No. Pc Qtz HMb Op  Chl Epi Kf Ace B4  Pc Comp. Mus

CcP-447 53.0 32,3 3.4 1.5 5.3 3.9 ——- 0.4 0.2 An 40-43 -—-
CP-873 48.3 39.6 === == 6.3 5.8 —-— —
cP-B69 &40.1 31.8 0.1 -— 8.9 13.7 =——- 0.1 -— An 7 0.3
CP-6T1 37.6 35.5 9.1 === 7.6 10.2 An 6 -
CP-642 38,8 35.6 5.0 0.1 11.2 7.8 1.0 0.2 0.3  An 10 —
CP=420 42.8 43.8 === .1 3.2 6.3 0.6 0.1 2.9 An B —
CP-b2B 41.9 0.0 —-— ——= 0.4 7.4 0.6 — 8.7 An 14 1.0
CP-B74 39.9 36.8 —— — 11.6 11.5 0.1 0.1 me—= Am 12 —

Pc = plagioclase Epi = gpidote

btz = quartz Kf = K feldspar

Hb = hornblende Non-op Acc = non—opaqué AcCCessoTy

Op = opague Bi = blotite

Chl = chlorite Mus = muacovite

Table 2. Modal analyses of leucontonalites (values are in volume percent).

for a thin continental cruat during generation of these rocks.

Leucotonalite

Plutons of leucotonalite occur only in the greenschist facles of the Duarte Formation.
Contacts of these plutons are, in general, concordant with the enclosing schists. At the
contact between Duarte amphibolites and the tomalites, veins of gneissoild tonalite cccur as
injections between foliation planes of the smphibolites. " Characteristically, the leucoton-
alites have a strongly developed marginal folfation, which 1s parallel te the contact with
the host rocks., Where foliatiom persists into the central portion of the plutons, it com-
monly shows rtapid changes in strike over tens or hundreds of meters.

Leucctonalites typically have a lower color index than hornblende tomalites and have
affinities with trondhjemites. Quartz is more abundant, and hornblende and opaque oxides
are present only locally. Chlorite, epldote, muscovite and blotite are typical varietal
minerals. Accessory minerals are Fe-Ti oxides, apatite and sphene.

Textures of these rocks range from medive-grained equigranular te those in which indi-
widual quartz and plagioclase grains are joined, making lens-shaped clots approaching 1 cm
in lengest dimension. Outlines of the plagioclase range from subhedral to anhedral; some
show the effects of granulatien, and in one slide examined twin lamellae are bent. Quartz
commonly shows mutually sutured contacts and in some slides shows stromg undulatery extine-
tion. Reference to Table 2 shows that chlorite and epidote are constant varietal minerals
of these rocks. Chlorite and some epidote, together with hernblende or blotite where these
minerals are present, are concentrated in discontinuous trains between quartz and plagio-
clase grains. Parallel disposition of micaceous minerals and textural features of the
quartz and plapioclase are considered to be the result of differential movement during
forceful emplacement of these rocks.

Hornblende Tonalite

Horoblende tonalites intrude the greenschist and sub-greenschist facles of the Duarte
Formation., In the central Dominican Republic they intrude the Tireo, Los Ranchos and Duarte
Formations (Bowin, 1966, Plate 1).

Modal analyses presented in Table 3 from samples of the Placetas Batholith are consid-
ered representative of all the hornblende tomalites of the map area. It must be emphasized,
however, that very few outcrops are available for sampling of unweathered quartz diorite,
and should weathering characteristics be a function of composition, the average composition
given in Table 3 will be biased.



Sample Hon—op

Ho. Pe Qtz Hb Op Chl Epi Kf Acc Bl Pe Comp.
CcP-99 40.2 21.8 3z2.3 1.2 3.8 0.6 0.1 0.2 === An §5-=-35
cpP-92 7.5 1%9.4 27.0 2.0 3.1 0.6 0.4 ——— —
CP-317 45,8 18.0 32.3 2.3 1.1 0.5 An 32-37
CP-318 49%.4 20.8 23.5 1.6 4.3 0.1 0.1 0.2 -
CP-281 &47.8 20.8 27.4 1.6 0.4 0.7 0.1 0.1 1.1 An 37-11
CP-367 49,9 25,9 18.1 2.3 1.8 1.B == 0.1 -—
CP=430 48.6 1B.1 28,1 0.4 4.6 0.1 —-- 0.1 —_—
CP-432 37.9 1.9 35.9 0.9 2.9 0.2 0.2 0.1 === An 35
CP-692 51.5 18.2 24,9 1.1 3.2 1.1 -— —— === An 35
CP-695 42,1 15.3 37.3 2.0 1.7 1.6 An 42-44
cr-704 50,8 18.3 27.5 1.3 1.0 1.1 An 45-39
CP-/38 50.3 23.6 16.5 2.0 2.4 -— 5.1 0.1 —_—
CP-822 45,3 21.9 24.6 1.9 5.2 0.5 0.4 0.2 e
CP-3902 46.1 19.9 22,3 1.6 6.0 3.7 0.2 0.2 —_—
CP-906 35.8 9.2 52.5 2.3 —= @ e== — 0.2 An 48
Mean 45.9  19.5 28.7 1.6 2.9 0.8 0.4

Iable 3. Modal analyses of Placetas hornblende—quartz-diorite Batholith
samples (values are in volume percent).

Hornblende tonalites are medium-to-coarse-grained with hypautomorphic texture. ¥No pro-
toclastle textures have been found in these rocks,

Flagioclase occurs as equant-to-twice-elongated, euhedral-to-anhedral grains. Maximum
intercept diameters are 5 mm with most crystals belng between 1 and 3 mm long. They are in-
varlably twinned and in some rocks are progressively zoned. Most are quite fresh, but in
some slides they are moderately to intensely sericitized. The plagioclase is of andesine
composition in most of these rocks. Two samples from the pluton at Diferencia are olige-
clases.

Hornblende is present in euhedral-to-anhedral crystals Individual erystals rarely e
ceed 5 mm in length, but in some hand specimens they appear larger due to aggregation of
several crystals. BSome poikilitically enclose euhedral plagloclase, oxides and quartz. The
most common plecschroism is Femediom green, Y=olive graen, X-palc greenish-yellow, |!U.1-I:I‘Lll'1.'ll‘
tion is Z>Y>X or Z=Y>X. Very rarely does Z=bluish-green. A few of these green hornblendes
have cores of much paler amphibole, probably after original clinopyroxene.

The bulk of the quartz is anhedral against other principal minerals. A small amount of
quartz enclosed in hornblende does show well developed hexagonal outlines in basal sections.
It is not granulated, but much of the interstitial quartz shows moderate-to-strong undula-
tory extinectionm.

Potash feldspar, where present, is anhedral, interstitial to plagiocclase and hornblende,
untwinned and noen-perthitic. Some is associated with chlerite, which suggests that a por-
tion of the potash feldspar is the product of the biotite—chlorite transformation.

Biotite, an uncommon mineral in these rocks, is plecchroic from yellow or yellow-brown
to deep brown. Some booklets are interlayered with chlorite. Most chlorite and epidote are
associated with the hornblende and probably represent deuteric or hydrothermal alteration.

Opaque minerals are dominantly magnetite and ilmenite. Small amounts of chalcopyrite
were observed in some of the polished sectioms, The principal non-opaque accessory is a-
patite; sphene is present in a few specimens.

Sericite is present in some rocks as sn slteration product of plagioclase. All seri-
clte was counted as original plagioclase in the modal analyses. Minor amounts of muscovite
have been seen in some badly weathered outcrops. Prehnite veinlets are present in ome of
the thin sections examined.
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In contrast to the leucotonalites, marginal foliation is not a characteristic feature
of these plutons. In the western part of the map area, mixed rocks produced by injectiom
of quartz diorite between schistosity planes of Duarte Formation schists are common. In the
central and eastern portions of the map area contacts between country rock and plutons are
sharp, but the tonalite itself shows no effects of chilling. These contrasting Lypes of con-
tact phenomena may be indicative of a deeper level of erosion as the resule of greater up-
1ift in the western part of the map area. Pegmatites have not been found, but aplite dikes
have been seen in several of the intrusions.

Depth of Emplacement and Age of the Tonalites

Internal foliation, concordance of plutons with country rock, and regionmal greenschist
facles metamorphism of the country rock, together with a superimposed comtact aureole in the
lower part of the amphibolite facies, are criteria diagnestie of plutoms emplaced in the
mesozone, as defined by Buddingtonm (1959). These features are characteristic of the leuco-
tonalites of the map area.

Hornblende tonalites have features more consistent with epizonal emplacement. Although
the evidence is not conclusive, it suggests that hornblende tonalite plutems of the western
part of the area were emplaced at greater depth than those cropping out to the east. Kone
are believed to have been emplaced under the depth-intensity conditions which the writer as-
gigns to the leucotonalites.

Because leéucotonalites are found only in greenschist facles of the Duarte Formation, it
would appear probable that they are older than the hormblende tonalites, which intrude sev-
eral reglonally unmetamorphosed formations in addition to the Duarte Formation. One of
these is the Tireo Formation, which contains fossils of probable Cencmanian and Middle Cam—
panian-to-Early Maestrichtion ages. Boulders of hornblende tonalite are found throughout
the Magua Formation, which ranges in age from Late Maestrichtian (7) to Middle Eocene. If
the assumption is made that all hornblende tonalites are of the same age, the time of em-
placement ig therefore post-Campanian, pre(?)-Late Maestrichtian or post-Campanian, pre-Mid-
dle Eocene.

Hornblendite

Two occurrences of hornblenditc have been mapped. These bodies occur ss marginal facles
of the Los Cabirmas-Jumunuco hornblende tonalite in an area of slumped float and abundant
vegetation. Tonalite at both of these localities is mesccratic, and thus, there appears to
be a compositional gradatiom between mafic tomalite and hornblendite. Intrusive relation-
ghips inte fine-grained Duarte country rock were observed, and from the distribution of float
on the ridge erests, there appears to be an intimate intermixing of country rock and horn-
blendite.

Hornblendite typically exhibite two contrasting textures. Ome is porphyritic, in which
euhedral hornblende erystals over 2 cm maximum diameter and forming more than 50% of the
rock are set in a medium-grained groundmass of hernblende, quartz, epidote, and plaglioclase.
The second type has a coarse-grained seriate texture. 1In this type hornblende constitutes
over 85% of the rock.

Known outcrops of hornblendite im the map area are marginal to plutons of hornblende
tonalite, Two of the three hornblendite bodies mapped by Bowin (1966), including one north-
eagt of Jarabacoa (Plate 1), occur within and close to the margins of foliated tonalites.
The remaining hornblendite locale reported by Bowin (1966) refers to several lenticular pods
within amphibolite rocks of the Duarte Formation. Amphibolitic rocks of the Duarte Forma-
tion are produced by contact metamorphisam of the tonalitea. It is inferred that tonalite
underlies these hormblendite pods at very shallew depth and that all the hornblendites are
genetically related to the quartz diorites of either the leucotonalite or hornblende tona-
lite type.
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STRUCTURE

Metamorphic Rocks

The oldest rocks in the area, with possible exception of the serpentinized peridotites
which may represent hydrated mantle, are metamorphic rocks of the Duarte and Amina Forma-
tions. Whereas those of the Duarte Formation are massive over large areas, Amina Formation
rocks possess a well defined foliation everywhere. In both formations the average trend of
foliation is N70°W. Within the Duarte Formation dips range from north, through wvertical,
to south, and deflections in the strike direction are pronounced in the proximity of batho-
liths. Within the Amins Formation, however, there is a greater comstancy in the strike of
foliation and wirtually all dips are to the south. Morecver, dips of foliatfon tend to be—
come more shallow northward, especially in the Ric Amina, where maximum breadth of the Amina
Formation is exposed. A similar structural piecture is seen in the central Dominican Repub-
lic, where the probable correlative of the Amina Formation, the Maimon Formaticn, shows a
progressive shallowing of dip of foliation as the trace of the Hatille Thrust is approachad
(Bowin, 1966, pp. 71-72). If the foliation flattening is causally related to thrusting, as
seemg likely, it would appear probable that the Hatillo Thrust continues westward inte the
present area but is buried beneath the cover of Miocene sedimentary rocks which overlie the
northermmost exposures of the Amina Formation.

Scale of folding in the metamorphic formatioms has not been determined, Although foli-
ation in the Amina Formation is parallel to compositional layering, which is believed to re-
present criginal sedimentary bedding, no marker units or top-bottom indicators have been
found, and therefore, it is impossible to state whether the foliation reflects a continuous
monoclinal section or whether the section is isoclinally folded, Similarly, the rare bedded
cherts provide the only evidence of bedding within the Duarte Formation, and pillow struc=
tures, which are normally top-bottom indicators in greenstome formations, have not been ob-
served.

Major Faults
The Bonao Fault

In the southeast corner of the map area greenschist facles rocks of the TJuarte Forma-
tion are in fault contact with unmetamorphosed veolcanic rocks of the Tireo Formation. This
fault is the continuation of the Bonao Fault of Bowin (1966, p. 72). Because the green=
ochint focies rocks of the Duarte Formation are in vuntact with unmetamorphozed rTocks of the
Tireo Formation, the Tirec Formation is believed to be on the downthrown side. Topographic
expression of the fault is a fault-line scarp with harder rocks of the Tirec Formation form
ing high mountainous country south of the fault. Trace of the Bonao Fault parallels the re-
gional strike; when followed sast Into the area mapped by Bowin, the fault trace curves
sharply te the scuth, as does the structure of the metamorphic rocks.

The Inoa Fault

The trace of the Inca Fault from Las Mesetas to Las Brujas is marked by Magua Formation
limestone. In the western extremity of the map area the most intense limestone deformation
is evident. In this area the Amina Formation is brought into closest position with Duarte
Formation rocks. Limestones of the Magua Formation from the northern limit of exposure to
the Rodeo Basalt Member of the Magua Formation conesist of an alternation of sheared and
crumpled segments and apparently undeformed portions. Shear planes are eagentially vertical.
Limestone in the vicinity of Las Brujas is well exposed in two small arrovos, where it is
alsc seen to be intensely sheared with a multitude of vertical shear planes. Cobbles and
boulders of the Inoa Conglomerate In contact with the Placetas Batholith are stretched in
the direction of the surface trace of the fault. Mo deep vertical EXpPOSUTES Were Seen, how-
ever, and it is not known 1f the greatest elomngation of the clasts is in the horizontal or
dip direction of the fault. Tonalite along the trace of the fault is mildly bleached and
strongly altered with epidote. The fault trace east of the Placetas Batholith is marked by
isolated slices of Magua limestone. Fault contact with the Duarte Formation appears to con-
tinue to Pedregal. In the Rio Janico contact between the Inoa Conglomerate and the Duarte
Formation is not exposed.
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North of Los Caguelles, exposures of basal conglomerate and fossiliferous {orbitoidal)
limestone of the Velazquitos Formation occur and comtinue at the base throughout the mapped
area. In the Rios Guanajuma and Yaque basal conglomerate is clearly seen to rest unconform-
ably on Duarte Formatlon rocks. In the section of this report concerning origin of the Ta-
bera Group, it was suggested that the entire southern contact of the Inoa Conglomerate and
Velazquitoe Formation was originally the surface trace of a major fault, the sastern portion
of which is not yet exposed by erosion. There would be no valid reason for suggesting this
if the basal unites of the Velazquitcs Formation were succeeded by shallow=water marine sedi-
ments, for in a shallow-water marine transgression the surface of transgression would be bev-
aled to a planar surface. If, however, the sediments immediately gbove the basal unit of a
formation indicate a deep-water depositional enviromment, considerable relief could still be
maintained along the surface of the unconformity. Such is believed to be the case with re-
gard to the Velazquitos Formation.

The Amina Fault

The plane of the Amina Fault is not exposed. The steep dip of the Inoa Conglomerate,
within 15 m of the Amina Formation as seen in the Rios Amina and Inca, suggests that the
fault dips steeply. Only in the Hio Amina is there any pronounced stretching of the clasts
of the Inca Conglomerate {Fig. 6).

The Tavera Fault

The plane of the Tavera Fault is well exposed in the Rio Guanajuma, where it is seen
esgentially to have a vertical dip. Unpublished results of test drilling at the dam site
at Ranchos de Tavera indicate that at this locallty the fault plane dips at 7895,

From stratigraphic interpretation, the writer considers that the aouth side is down re-
lative to the north. Stespening of dips in the Represa Conglomerate morth of the fault may
be interpreted as drag, indicating the opposite semse of movement. hjections to this are
both structural and stratigraphic:

(1) the distance over which steep dips morth of the Tavera Fault are found is im-
probably large to be attributed to drag, when it is taken into consideration
that the compatent Represa Conglemerate is in fault contact with incompetent
mudstones of the Velazquites Formationg

{2) a relative movement of gouth side down iz in the same sense a8 is required for
the Amina Fault. It is possible that the Amina and Tavera Faults are essen-
tially the same;

{3) the opposite sense of movement would imply that the Repressa Conglomerate wae
stratigraphically above the mudstones and gandstones of the Velazquitos For-
mation. The limestone at the top of the Represa Conglomerate, however, is
lithologically similar and bears the same species of foraminifera as does the
1imestone above the basal conglomerate of the Velazquitos Formatiom. The
writer interprets that these limestones are correlatives.

GEOLOGIC HISTORY

The oldest supracrustal rocks in the area are the schists of the Amina Formatlon and
metabasalts of the Duarte Formation. Mineralogy and compositional layering of the Amina
schists suggest that the original rocks were tuffs or tuffaceous sediments of intermediate-
to—acid composition. Metaquartz keratophyres are a major component of its correlative, the
Maimon Formatiom, in the central Dominican Republie (Bowin, 1966, p. 25). Hinor limestone
lenses in both Amina and Maimon Formations indicate that they were deposited under marine
conditions. Minor bedded cherts withim the Duarte Formation indicate that the lavas were
deposited under marine conditions. Furthermore, the sodium-to-potassium ratios of the meta-
basalts indicate their affinities with the types of tholeiites found in deep ocean basins.
Inasmuch as the twoe formations are separated by serpentinized peridotite, or by a grabem of
Dligocene sedimentary rocks, and fossils have not been found in either of the formatioms,
their stratigraphic relationships are unknowm.
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From the distributicn of isograds within the Duarte Formation and the fact that the
Amina Formatlon is.entirvely within the greenschist facies, it may be suggested thar the A-
mina Formation i stratigraphically below the Duarte Formation. This model assumes that the
movement on the Amina Fault is primarily dip-slip. This stratigraphic relationship would be
the inverse of the commonly accepted picture of oceanic crust, where basalt immediately over-—
lies the mantle or its hydrated equivalent, serpentinized peridotite. Seismic refraction
studies in deeper parts of the Caribbean Sea (Officer et af., 1959; Ewing of af., 1960), how—
ever, indicate that in the Yucatan and Venezuelan Basins, crustal sectioms are slightly
thicker than in typical oceanic crust. Donnelly (1964) has suggested that these crustal dif-
ferences are fundamental and the boundaries between plates of contrasting erustal thickness
determine the position of island are formation. Thus, if the Caribbean crust is thicker than
typical oceanie erust, it may alse be compositionally different, and the stratigraphic rela-
tionship suggested above may not be as anomaleus as it first APPRALE .

However, the fact that the Duarte Formation and other formations south of it are abun—
dantly intruded by plutons of varlous types, whereas the Amina and Maimon Formations are oL,
may suggest that the thermal histories of these two terrains were so different that they may
have been brought together by large lateral translations. Seismicity indicates that the
Greater Antlllean reglom is a zone of transcurrent displacement (Molnar and Sykes, 1969).

The possibility exists, therefore, that the Amina, Inoa and Lema Caribe Faults are part of
this major left-lateral tramscurrent shear system. The large change in trend of the Loma
Caribe Fault and in the grain of the metamorphic rocks near the town of La Vega (Bowin, 1966,
Flate 1, and Plate 1 of this report) is a large change in direction for a major shear svstem.
This bend, which is on the projectionm of the Beata Ridge, however, may be a relatively late
impressed strain associated with dowmthrusting of the Ameriecas plate with respect to the
Caribbean plate (Bracey and Vogt, 1970). Paleomagnetic studies on rock units in the map

area and in the central Dominican Republic may give evidence for or against the oroelinal
nature of this bend. Should the orocline be demonstrated, transcurrent faulting of major
proportions would stlll not be demonstrated; there is, as vet, no direct geological evidence
for anything other than dip-~slip movement on the Amina, Inca and Loma Caribe Faults.

In summary, early geological history of the map area and of the Dominican Republic in
gemeral, is obscure. Two models have been put forward and several more could be added, but
available factual information does not allow one to make a choice from among them. More de-
tailed field mapping, together with radiometric dating studies, may help to reduce the num—
ber of unknowns and, thus, lead to a single most probable historical model.

Following metamorphism of the Duarte Formation, with concomitant intrimion of the leuco=
tonalites, a period of uplift and erosion took place. Tireo volecanism took place during most
of Late Cretaceous time and resulted in deposition of several kinds of voleanie rocks, in-
cluding andesitic lava and tuff, and quartz keratophyre. The last stages of Tires volcanism
were probably associated with generation of great volumes of gquartz diorite magma, which are
represented by dominantly discordant plutens of hornblende tonalite. These masses intrude
the Duarte Formation, the Tiree Formarion, the Los Ranchos Formation (Bowin, 1966, Plate 1)
and rocks on the seuth flank of the Cerdillera Central (Weyl, 1941, Karte 11).

Evidenca for deformation invelving folding in the latest Cretaceous {probably Early
Maestrichtian} has been presented by Bowin (1966, p. Bl). This pericd of folding may be re-
lated to the time of Intrusion of the hornblende tonalites. Latest Maestrichtian(?)-to-
Hiddle Eccene time was represented by basaltic volcanism and deposition of boulder conglom—
erates, conglomeratic volcanic breccias, and minor limestones and gandstones. The coarser
detritus and lenses of bicclastic limestone of this, the Magua Formationm, probably accumilat-
ed In deep water as a consequence of submarine landslips related to faulting. Conglomerates
of the Magua Formation conmtain boulders of hornblende tonalite, which indicates that by Mid-
dle Eccene time or possibly as early as latest Maestrichtian time, some, at least, of the
hornblende tomalites were expesed to erosion. The present site of the Cordillera Central
was established as a more or less permanent topographic high for the remainder of geologle
time.

Rocks of the Magua Formation were folded parallel to earlier structures formed during
regional metamorphism. The folding took place in Middle-to-Late Eocene time. Major defor-
mation is alse recorded in the central Dominican Republic at this time; the Maimon Formation
was thrust upward and over Cretacecus and Early Tertiary rocks to the northeast {Bowin, 1966,
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p. B2). The northward shallowing of dips of foliation in the Amina Formation suggests that
it also was faulted upward and northward at this time. Faulting possibly related to this
Late Eocene pericd of deformation may have controlled the site of deposition of the Los Ca-
guelles Limestone Breccila.

Movement on the Inca Fault in Early Oligocene time probably contrelled the formatiom of
a sedimentary depositional basin on the fault's north side. 1In the eastern porticm of this
basin marine conglomeratic sandstones were deposited, whereas farther to the west red con-
glomerates accumulated subaerially. Areas of aubaerial deposition underwent miner marine
transgressions from time to time with resultant deposition of better-sorted gray conglomer—
ates and sandstones.

A limestone unit at the top of the Represa Conglomerate has been correlated with that
at the base of the Velazquitos Formation. Apparently, tectonism ceased and the limestone
was deposited in shallow-water marine conditions transgressing across the Inoa Fault and over
part of the former source area. Although somewhat subdued and of small areal extent, the
gource ares to the south continued to supply an abundance of immature sand and mud, which
sccumulated below wave hase forming the sandstones and mudstones of the Velazquitos Forma-
tion. Folding and faulting accompanied by tectonic movements of the serpentinites took place
between Early and Middle Oligocene time. Following a period of erosion, marine seas agaln
advanced over the area. One of the margins of this basin is near the town of Moncion, where
ghallow-water marine Moncien Limestone is exposed. GSands, mineralogically more mature than
those of the earlier Velazquitos Formatien, together with 1lime mud and sand, accumulated a-
long the basinal margins. Periodically, these sands, and infrequently, gravels were swept
off this shelf and carried dowmslope by turbidity currents intc the deeper part of the ba-
gin, where deep-water clays were accumulating to form the Janico Formatlon. Thus, both dur-
ing Early and Middle-to-Late Oligocene time, the deeper part of the sedimentary basin was
located in the eastern part of the area. An episode of mild folding and erosion brought the
Dligocene epoch to a close.

Boulder conglomerates, which were deposited along a marine shoreline, are the first Mio-
cene deposits of the Cibao Basin. Deposition of these was followed by the shallow-water ma-
rine accumulation of sands of the Cercado Formation, Middle and Late Mlocene claystomes,
marls, and sandstones of the Gurabo and Mao Formations, exposed morth of the map area, are
the last thick accumulation of sediments of the Cibao Basin. WNo important post-Miocene fold-
ing took place im the area. Small-scale faulting took place within the graben occupied by
the Inca Conglomerate.
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IRTEODUCTION

General Statement

This paper presents an analytical description of the salient landform features and ag-
sociative surficial lithologies of the Linea Noroeste (Northwest), Dominican Republic, Re-
gional wvariability of climate, topography, geology, and vegetation all combine to make the
study area a suitable labeoratory to examine a wide array of subhumid and arid subtropical
landforms.

The aims of this study are to examine the landscape-forming processes that have trans-
formed geologlc structure into distinet landform units, to show the relationship betwesn
broad patterns of physical features and geologie structure, and to characterize each land-
form's set of lithelogic, soils, glope and drainage features. The paper is intended to be
a regional geomorphology of northwestern Dominican Republic and ineludes a descriptive ex—
amination of the complex physical patterns that comstitute this broad geographical region.

Field and Laboratory Methods

During the course of a 27-month stay in the Dominican Republic, ample opportunity was
Found to study the geomorphelogy and map the surficial deposits of the Linea Noroeste re-
gion. About five months between July 1965 and September 1967 were devoted to collecting
all basic information on geology and surface morphology using field traverse mapping tech-
niques. O(me month in the spring of 1966 was gpent obtaining soil profile data from 50 pit
excavations. Additional generalized soils data were collected while performing a separate
study, which evaluated natural envirommental factors that determine potential agricultural
productivity for selected zonmes within the study region (Antonini el al., 1967). A map
showing the distribution of the writer's traverses is found in Figure 1.

Frior to golng to the Dominican Republic, a peried of six wmonths was spent in obtain-
ing aerial photographic and map coverage, annotating the photegraphs, and reviewing exiat-
ing literature. Most geologic and morphologic mapping for this study was done on aerial
photographs taken by the U.8. Army Air Force in 1948 (scale approximately 1:40,000). Trans—
fer and ascale reduction of geologic features from the aerial rhotographs to the respective
U.5. Army Map Service Series E733 and EB734, 1:50,000-gcale topographic and phote maps was
accomplished by radial line compilatien and use of both a Saltzman P-1414A vertical reflect—
Ing projector with restitutional easel and a Keuffel and Esser model adjustable vertical
Sketchmaster: The base map was then reduced Lo a 1:100,000 scale using an A. Ort precision
pantograph, and all lithelogic boundaries were plotted on dimensionally gtable mylar.

A total of 357 rock samples were collected in the field during the periods July 1965-
March 1967 and June 1-10, 1969. All coarse=, medium- and fine-grained fragmental sediments
and rocks were classified by the writer according to Dunbar and Rodgers {1957). Unconsoli-
dated surfleial materials and scils were grouped according to the system outlined in the
U.5. Department of Agriculture Soil Survey Manual (1951). Visual, microscopic and z-ray
analyses carried out by Mra. Inma B. Alterman at the Department of Geology, Columbia Univer—
sity, on 146 samples were used in compiling the surficial geologic maps presented herein.
In addition, samples of metamorphic rocks found along the southern flank of the study re-
gion were studied In thin section by H.C. Palmer, Department of Geophysics, University of
Western Ontario, Canada.
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Figure I. Map showing field traverses made by G.A. Antonini in northwestern Dominican Republic, 1965-67.
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fellowship partially supported field work, and the U.5. Agency for International Develop-
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REGIONAL. SETTING
Location

The study area iz located in the Dominican Bepublic northwest of the city of Santiago
de los Caballercs (see inset map in Plate 1). The eastern and northern limits coineide
with the Yaque del Norte River with the southern perimeter beéing the physical boundary be—
tween the Cibac Valley and Cordillera Central geomorphic provinces (Vaugham et af., 1921,
P. 26). The Massacre River, which coincides with the internatienal boundary between the
Dominican Republic and Haitd, was selected as the western limit. The area thus outlined
contains approximately 2660 square lm (1663 square miles) or 5% of the Dominican Republic.

Climate

Climatic regimen of the northwest is controlled by: (1) changes in prevailing atmos-
pheric pressure systems; and (2) topographic barriers and land surface complexities. Both
controls act Interdependently to produce significant regional climatie patterns which, in
turn, affect the type and rate of weathering, mass wasting, and erosion found throughout
the mapped arcea.

The dominant climatic contrel is the change in atmospheric circulation from high pres-
sure during the winter season to low pressure during summer months. In the winter the
northwest is dominated by the influence of the stable high pressure system ower the North
American contimeat. During this period, winds blow forcefully and steadily from the north=-
2ast. Weak winter cyclomes occasionally push polar continental air out into the Atlantic
sufficiently far to affect the northwest. According to Alpert {1939, pp. 18-24), these
noades produce prolonged light drizzle for several days throughout the winter months.

The equatorial low pressure system dominates the scene during summer months with winds
from the southeast quadrant. This relatively unstable afr mase is conducive to the forma-
tion of thunderstorms which occur quite frequently during this seasen. Summer-type atmos-
pheric conditions also influence the development of the tropical hurricane which occasional-
ly produces disasterous effects, mostly in the form of torrential rains.

The molsture-carrying capacity of alr masses over the northwest is affected by topo—
graphic barriers. As winds come off the ccean and strike the north coast of the Dominican
Republic, they encounter the (ordillera Septentrional. This northern coastal mountain
range acts as the wajor fault barrier element to the trade winds., Moist air ia cooled
adiabatically and dry weather prevails. The map in Flgure ? fllustrates the northwest's
location with respect to the barrier mountain range. Note that the study area's nmorthern-
most strip is situated within the rain shadow of the east-west-trending Cordillera. Con-
versely, the southern fringe of the study region is located at a topographically higher
elevation along the northern flank of the Cordillera Central. Thie southern zone thus
recelves considerably more rainfall due to orographic lifcing.

Analysis of Dominican climatological data shows that precipitation varies greatly in
the northwest from 507 mm ar Villa Vasquez to 1250 mm at San Jose de las Matas. Annual
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temperature range is small, however, from an average 27.57C in July te 22.29C in January.

Of significance are high temperature values which directly influence moisture availability
via water loss through evapotranspiration., Differences in precipitation at selected sta-
tions are presented as graphs in Figure 31 and illustrates a bi-modal precipitation regimen
with the two wettest perlods occurring between May-June and September—November. Variations
do cccur in notable fashion, however; generally, the northern portion of the study area is
dry throughout most of the vear. This extremely dry zone is concentrated between Mao {Val-
verde} and Villa Vasquez. Constantly high temperature there causes potential evapotranspi-
ration to exceed precipitation during the entire year. In the northeast at Santiago, spring
rains are of sufficient intensity to proeduce soil moisture recharge during April and May.
The situation is reversed in the extreme northwest at Monte Cristi. Here, it is autumnal
rains that evidence enough intensity to reverse water deficit and make a little water avail-
able for plant growth. Along the southern fringe of the study area, adiabatic cooling
caused by higher elevation induces orographic precipitation and greater moisture availabil-
ity. Exzamination of water balance graphs in the lower half-page of Figure 3 indicates that
the southeastern area has the greatest water surplus. The trend is one of decreasing sur-
plus weatward to Dajabon.

Such examination of prevailing weather patterns points out variability of precipita-
tion and deficiency of available soil moisture as the prime climatclogleal characteristics
of this subtropical environment. Climatic differences which significantly affect evolving
geomorphological processes derive from the effectiveness and availability of scil moisture
and are dependent upon annual and seasonal distribution of rainfall. In addiclon, precipi-
tation is essential to disaggregation of consolidated material and to act as & transportcing
agent. Total rainfall and storm intensity are important climatic elements.

Variation in annual and seasonal precipitation would affect landforms of the study re-
gion even if they were perfectly flat and composed of a single, uniform surficial material.
Because landforms are wvaried, several other moisture facrors dependent, in part, upon sur-
face lithology and morphology are superimposed on rainfall, These are the different Infil-
tration rates, permeabilities, and moisture-holding capacities of the materials, and the
water runoff received in depressions and lowlands from uplands. Both dependent moisture
factors and prime regional climatological components are responsible for local surface and
near-gurface lithologic transformations.

vEEEtatinn

Three basic vegeration 2omeés which occur in the northwest are: (1) the monfe or momr-
tendfa, a subtropical foreat zomep (2) breMa, a thorn thicket and cactus cover; and (3) the
4avand or cpen grassland. TField study shows that transitional zones may cccur between the
majer vegetation units. Physiecal interrelationships developed between vegetation, geology
and surface worphology are shown in Figure 4.

The monte or forest zone is found capping shallow calcarecus soils on the high and
more remote cuestas along the Zamba Hills and metamorphic inliers to the south. Today, the
forest zome contains few of the once numerous stands dominated by mahogany. A riverine
forest-type is presently found on the Massacre River floodplain; frequent flooding by this
perennial stream providez sufficient moisture to allow such luxuriant vegetative growth in
this gemiarid climatle zone.

E&ER&, or the thorn thicket and cactus zone, covers much of the present northwest re-
ion. Characteristically, thorn thicket invades a forested area after farmers abandon a
wortked-out field in the endless shifting from site to site. This ecolegical succession re-
presents soil depletion, for the thorn thicket can never rejuvenate the eroded mantle com-
pletely.

The southwestern sector of the study reglon 1s a grassland or savana zone. Today, the
ecological succession Induced by man's agricultural activities is transforming this zone in
the east into a closed 4avana or parkland. Within the past two decades there has been a
large areal increase in the nmumber of xerophytic shrubs. The western frontier area still
retains the savans Limpid or open grassland appearance which extends to the Haitian from-
tiex,
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A small area of parkland vegetation ies found east of the thorn thicket zone near San-
tiago; thiszs is actually a transitional zone, where the open—foliated acacia trees, tall
colummar cactus, mesophyvtic palms and mangoe are found side by side. Farkland vegetatiom is
also found along alluwial floodplains and stream terraces of the Yague River and its tribu-
taries, and is seen as a transitional zone between the thorn thicket and forest from San
Joge de lag Matas to Homcion.

In a landscape occupied by man as long as the Linea Woroeste region with a system of
slash-and-burn agriculture (fumba), it is likely that man-induced or accelerated ercosion
has had an important impact on surface morphoelogy. Inm fact, sheetwash, pullying and soil
erosion are common degradational processes found operative within the biéHa zone. Perusal
of the tree diagram in Figure & Indicates that this thorn thicket and cactus zone covers a
far greater acrea today than during the pre=1900 period. Withim the past century, extensions
of subsistence farming into the monfe zone stripped most of the forest cover from it. The

gquickly invaded this piedmont zone and to date maintalns its primate role. Man-in-
duced changes in vegetation have also affected surface Features and lithologies within the
studv region. A geomorphic system ipitially in equilibriuvm among its elements of rocks,
climate, and slopes has been seriously disturbed by removal of a protective natural vegeta-
tive cover by mechanical influences of farming. WNet effect of these changes has been to
shift equilibrium in the direction of greater erosion, which manifests itself in removal of
topsoil, deep gullying, and increased flooding and deposition in the lowlands.

Surface Morphology

Broad patterns of physiographic features withim the study regiom are due to geclogic
gtructures and related landforms. The map in Figure 5 {llustrates general distribution of
major physiographic units.

Originally a seaway during the Miocene epoch, subsequent uplift and development of the
Cordillera Septentrional to the north have transformed the study reglon inte an interior
plateau and plains landscape now remote from the sea. Geologic structure parallels the
northwest-southeast orientation of the Cordillera Central'a crystalline basement lying
to the south. Major physiographic units and their subregions found within the study area
are mapped in Figure 5. From south to north they are: (1) belted metamorphics; (2) the
piedmont, consisting of an upland, platesu and plains surfaces; and (3) the river valley
floor, comprising stream terraces, recent fleodplain, and shoreline deposits.

The complex physiography of the northwest ie an important factor that influences the
macroclimatic regime and affects the type and rate of rock weathering; it 1s alse an im-
portant soil-forming agent. Development of these diverse physiocgraphic reglons reflects
the interaction of several geomorphic processes. Differences in elevation resulting from
diastrophism permit gravity to move loocse material downslope from one location to another.
Elevation ranges from 558 m to sea level, giving high relative relief for the reglon and
providing steep gradients for streams to acquire sufficlent energy to caerry weathered ma-
terial in suspension and as tractiom load. The varying resistivicy of surficial materials
to weathering, mass wasting and erosion also affects landform development. It is clear
from the atratigraphic sequence for the northwest in Plate II that a variety of materials
at contrasting elevations exist in the Linea Noroeste. These materlals range from complex
metavolcanic and metasedimentary rocks to variously indurated limestones, siltstones, con-
glomerates, and unconsolidated alluvial sediments. Each weathers in a unique manner and is
associated with a particular set of landform assemblages.

INTRODUCTION TO REGIONAL GEOLOGY

Previous Work

Numerous scientists have focused their attention on the Cibao Valley and have studied
the rich molluscan localities of Mioccene age on the Yaque del MNorte River and its tributar-
ies, the Mae, Amina, and Cana (Chapeton). The igneous and metamorphic rocks of the Central
Mountain Range, bearing varying amounts of irom, copper, nickel, and gold, have been mimed
since the pre-Columbian period. A number of naturalists and englneers including Courtney

80



25 Ml
e

——
50 8 Kikmatars
W Fainciol cophal & Manicipal s

sxss Gaomarphie iubeagional  bogndary

HNORTH ATLANTIC

"L DOMINICAN  REFUBLIC

#
L

CARIBAFAN SEA
ey, Cor@iFere Sepranirignal -sﬂm' ared
L]

T 1

A B0’

Figure 5. Map showing morghologic units in northwestern Dominican Republic.



(1860), Hazard (1873), and Garrison (1903, 1906, 1907) have written desecriptive commentaries
regarding the mineral resources of the Cordillera Central; however, ne large-scale surface
geological or morphological maps have been published of the study area. The most detailed
reports found in a search of the literature are faunal descriptions of Miocene formations.

T.5. Heneken (1853) published a brief geologic description of the study region, listed
faunas and included a geologic sketch map of the western Cibao. The reports of Gabb (1B71,
1872, 1873, and 1881) are comprehensive descriptive works on the geclogy of the country but
are mainly of historical interest. Maury's (1917a-b, 1918, 1919) studies provide the very
basis for defining formations within the Miocene. The publication of Vaughan ef af., (1921)
contains a wealth of information on the Tertiary rocks; however, few metasedimentary and
plutonic igneous rocks are described or type localities cited between Sabaneta and Dajabon.
The Bermudez (1949) study is the most recent comprehensive paleontologlcal reference on the
Miocene and covers the eastern portion of the study area. Weyl (1948) presents an accurate,
small-scale regional description of the metamorphic and igneous rocks found along the south—
ern flank of the area. Unfortunately, his maps are so small-scale that the reader's inter-
pretation is sometimes liable to question.

Photogeologic mapping by Cuerra Pefia {(1954) covers the western Cibao at a scale of 1:
20,000, but stratigraphic boundaries drawn are of limited value because the units remain un-
defined. Furthermere, it appears that no correlative field investigation was undertaken to
substantiate geologic structures inferred from photo interpretation. The geologic and geo—
morphic mape of the OAS National Resources Survey (Anonymous, 1967}, published at the re—
spective 1:250,000 and 1:500,000 scales, appear from their legends to have based mapping
units on the Guerra Peda photogeologic study within the western Cibao. This may parcially
explain the significant discrepancies that exist between the DAS report and the writer's
findings for the Moncion-Dajabon region.

Recent work by the Caribbean Research Project of Princeton University adds a wealth of
detailed information to the hitherte little known geclogy of the Cordillera Central. The
reports of Bowin (1966} and Palmer (1963), covering areas to the east and southeast respec-
tively, have enabled the writer to identify and extend westward metasedimentary, volcanic
and metavolcanic rock units found within the Sabaneta-Dajabon area.

During the course of the 1966 field seascn, & semi-recommaissance geclogical field pro—
gram was being carried out for the Dominican governmeént by a group of Japanese scientlists in
the Central Mountain Range from Mencion to Dajabon.

Stratigraphy and Lithologic Correlations

Plate I is a surficial geologic map of the study area at a 1:100,000 scale, and Flate
II is & schematlc interpretation of the geomorphology and stratigraphic sequence in the
Linea Noroeste. In the stratigraphic chart lithologie units are keyed where pessible with
correlative geologlec formation names used by earlier researchers in the Dominican Republic
and Haiti. The pre-Miocene sequence of rocks was examined in the field and laboratory with
the aid of H.C. Palmer. Thus, these units definitively represent westward extensions of
gimilar rocks mapped by Bowin (1966) and Palmer (1963) in the Cordillera Central. It should
be noted, however, that correlations made with the Miocene sediments are tentative due to
the fact that paleontologists in the past have identified and described the member urits on
the basis of fauna and not lithology. Lithologic/paleontologic correlations of the Cercado
and Mac Formations proved least difficult, since these units have diagnostic litholegic and
landform assemblages. Most tentative was keying out Gurabo Formatiom lithologles with cor-
responding faunal zones of Vaughan ef af. (1921, pp. 69-73). Quaternary non-mariné uncon-
golidated sediments were identified with units mapped in northern Haiti by Woodring el al,
{1924, pp. 255-257) and Butterlin (1954, pp. 168, 170), and indexed with units described by
Maury {(1917b, pp. 444=447), Bermudez (1949, pp. 8, 17) and Vaughan et af. (1921, p. 175) for
the western Clbao.

Type localities are given for each map unit by indicating the UTM grid coordlnates
found on the AMS Series E733 Dominican Republic topographic maps. The chart in Plate II al-
so illustrates interrelationship between geclogy and surface morphology at the regional and
sub-Tegional levels. Approximate positions on the geologic time scale are given for all
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map units.

General Geomorphology

A belt of hills found along the southern base of the study area 1s underlain by the
metavoleanic Duarte and metasedimentary Amina Formations. According to H.C. Palmer (per-
sonal communication, 1969), these are considered the oldest rocks in the Linea Noroeste map
area. Belted metamorphics cover a broad area in the southeast, but their extensions west-
ward are confined to scattered, isclated en echelon residual knolls and maturely dissected
hills.

North of the metamorphic zone lies the piedmont regioen. In the southeast early Mio—
cene (Yaque Group) sedimentary rocks rest uncenformably with depositional contact wpon the
Amina achist. The basal Miocene conglomerate member, which is quite resistant to weather-
ing, underlies a piedmont upland subregion characterized by broad rounded ridges that rise
in elevation to the south.

The three major Lower, Middle, and Upper Miocene formations underlying the piedmont
plateau to the nmorth are undisturbed, essentially herizontal or with a slight northward dip,
and strike northwest-southeast. The southernmost unit, termed the Cercado Formatiom, over—
lies the Bulla Conglomerate with both a transitional and sharp conformal contact and forms
a maturely dissected sandstone plateau. A marine shelf underlain by the lichified silt-
stones of the Gurabo Formatlon occupies a topographically higher elevation. This unit ap-
pears conformable with the underlying sandstone and grades into the overlyling Maoc limestone.
The Upper Miocene Mac coraliferous limestone caps a series of genetically related cuestas,
mesas and buttes that form the northern boundary of the piledmont platesu geomorphic region.

Two areas of pledmont plains are found within the mapped area. One is located north
of the plateau and south of the Yaque River walley floor and consists of paleo-marine talus
and a marine shelf of either Miocene and/or Pliocene age. The other pledmont plain 48 a re-
latively flat interior basin lying between the Cordillera Central and the limestone-capped
ridge of Upper Miocene age in the southwestern portion of the study area. Unconsclidated
fresh-water deposits grade from gravels and coarse sand at the mountain base to silts and
clays near the northern subregional boundary. Earlier researchers, including Vaughan ot
af. (1921, p. 175) and Bermudexz (1949, p. B, 17) suggest that the unfossiliferous deposits
are of Plioceme age and represent residual remnants of an original lag veneer that once
coverad the entire surface.

The river valley floor regiom, flanking the Yaque River from Santiago do los Caballeros
toe Momte Cristi, and its major tributaries, together with the Massacre River from Dajabon
northward, consists of Pleistocene stream terraces, Recent floodplain and shoreline depos-
its.

BELTED METAMORFHICS

GEﬂlDEE

The belted metamorphic region found along the southern base of the study area covers
map lithelogic units 28-20, which correlate with the metavolcanic Duarte, metasedimentary
Amina and Magua Formations, the partially recrystallized Moncion Limestone Member of the
Tabera Group, and brecciated rocks of uncertain stratigraphic poaition. This geomorphic
unit covers a broad area between San Jose de las Matas and Monclon, West of Sabaneta,
these metamorphic hills appear in scattered and isolated localities as resistant knolls
(Cerro Chino, 446586) and as a maturely dissected upland (Loma de los Garquises, 383622).
Pledmonts flank the western metamorphic inliers and grade into unconsolidated fresh-water
gediments of the pledmont plain.

The Duarte Formation was first studied by Bowin (1966) and included schistose and mas-
sive reglonally-metamorphosed mafic volcanic rocks found from Sante Domingo to Jarabacoa.
Palmer (1963) mapped the Duarte metavolcanics from Jarabacoa an additional 75 km west-north—
westward to Moncion. TField study in this project area has shown that Duarte rocks extend
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along the regional strike some 65 km from Memcion to Dajabon. In this report the rocks
typed as Duarte include massive and schistose greenstome, amphibolite, basic calcareous
hornfels and amygdaloidal basalt. An attempt has been made in the text to differentiate
facies changes within the formation map umit.

Dusrte metavolcanice outcrop along and in places form the gouthern boundary of the map
area. On the road from Sabaneta to Los Almacigos, greenschist facies rocks grade into high-
er metamorphic grade amphibolites. Contact between these two facies between Los Cercadillos
and Agua Clara coincides with the southern map limit. From Agua Clara to Estancia Vie]a,
fine-grained laminated amphibolites flank the piedmont plain.

Horoblende tomalite intrudes greenschist and sub-greenschist facies Duarte rocks along
the southern boundary of the mapped area, from El Fino {398509) to La Vigia. Perusal of
geologic maps by Palmer (1963) and Bowin {1966) shows that similar intrusions exist to the
@ast. Duarte country rocks flanking the Partido Pluton-on the north and west are very filne-
grained, generally schistose up to the contact, and hornfelsic in mineralogical assemblage.
Intense shearing has occurred along the contact and throughout the metamorphic aureole. At
one contact locality, sheared talcose greenschist is intepsely crumpled into parallel layers
and compressed into small folds.

Sericitic schist, which outcrops within the atudy area's belted metamorphic region, ap-
pears to be a westward extenslon of the Amina (Palmer, 1963) and Maimon (Bowin, 1966) For-
mations. This lithologic unit, termed Amina here, has been identified both in hand speci-
men and laboratory study as schist, consisting of varying proportions of chlorite, quartz,
albite and epidote. A carryover diagnostic field characteristic from Palmer's area is the
vein quartz pavement found on top of the bedrock. In one isolated locality west of La Gor-
ra, laminated, contorted chert appears as a gquartz-rich sub-unit of the Amina Formatiem.

The writer has identified and mapped four distinct surface 1ithologles within the Amina For-
mation. Units 24 and 25 illustrate well the fact that the northern contact of Amina-related
surficial materials is gradational and unconformable with the Bulla Conglomerate amd Cer-
cado sandstone of Early Miocene age.

Palmer's map shows Amina as an almost continuous cutcrop from San Jose de las Maras to
Moncion. Note that the southerm contact of this unit 18 a normal fault whiech has placed
Amina adjacent to pre-Miocene sediments. Westward, the fault apparently lies buried beneath
piedment alluvium, but approximately one kn north of La Gorra in Dajabon Province, the A-
mina schist upland is flanked on the south by a belt of basaltic hills, either of sub-green-
gchist Duarte facies or equivalent to the basalt Rodec Member of the Magua Formation {Pal-
mer, personal communicatiom, 1970). The lithologic contact is oot seen but can be defined
to within 50-100 m in the Maguaca River and shows a strongly preferred alignment along the
inferred extension of the Amina Fault.

Northwest-goutheast-trending inliers of Amina metasediments project through the pied-
mont plaing. These monadnock-like features of resistant rock with their asscciated pedi-
ments are found at Cerro Chimo (495595) located along the banks of the Guayubin River.
Here, sheared schistose rock and quartzite lenses outcrop. Amina schiet also underlies an
extengive, maturely dissected upland north of La Gorra, called Loma de loa Carquises, Los
Altadercs (366674), and Loma de Tres Pied (3266807 .

The small area of chert, related compositionally and genetically to the Amina Forma=-
tion and found west of La Gorra, Sppears a8 a structural anomaly. In thin sectlon the chert
is distinetly laminated and appears to be a very leucocratic variant of the Amina Formation.
Guartz is completely recrystallized with a strongly metamorphic fabric. Iron-poor epidote
and a chlorite grow along some of the foliatiom planes. The rock is much more metamorphosed
than either basalts to the north or recrystallized limestone to the south. In degree of
metamorphism it is like Amina schist and so is correlated as a sub-unit {(Palmer, personal
compunication, 1%70). Intense metamorphism evidenced by the chert may be the product of
shearing stresses associated with faulring, which separated the Amina chert from the larger
schisgt unit to the north and brought surficial litholegies related to Amina and Duarte (or
eguivalent basaltic Rodec Member, Magua) Formatlons into comtact (see cross section A-A',
Plate I}). An airphoto study of lineament tectonics suggests such an explanation.

Metamorphosed limestones, correlative with Palmﬂr‘a Magua Formation and the Mencion
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Limestone Member of the Tabera Group, were found in isolated outcrops juxtaposed with the
Duarte and Amina units along the regional strike between the Guayubin and Massacre Rivers.
The metalimestone typed as Magua Formation is massive, greenish-gray, intensely sheared and
recrystallized with abundant caleite veining. At Cordero (435577) and La Gorrs (367604),

the unit iz in contact with metavolcanics, and both units exhibit intense ghearing with such
Structures as slickensides. Organic limestone lithology correlates with Palmer's (1963} Mon-
clon unit and is buff, light-gray-colored, soluble limestone with some vein caleite., The
wegtern inlier at Canongo (164706) was identified by Vaughan ef af. (1921, pp. 171-172) as
Oligocene in age.

Iwo small units of pre-Oligocene brecciated metavoleanic and sedimentary rocks locared
between San Jose de las Matas and E1 Rubio have been transposed from Palmer's geologic map
in order to extend the writer's PTESEnt map area to include the Amina and Inoa Faults of the
Oligocene graben, which serve as the boundary between the Cibao Valley and Cordillers Cen—
tral geomorphic provinces. One outlier of the brecciated quartzo-feldspathic rock unit was
identified and mapped west-porthwest of Moncion, Descriptiom and stratigraphic interpreta~-
tion of these units are covered by Palmer (1963, pp. 126-132) and hence are pot included
herein.

Bails

Soila developed within the belted métamorphic region have medium-textured surface and
heavy subsoils with considerable coarse fragments of residual material en the surface and in
the soil body. Profiles are shallow. The soil material exhibits a surprising degree of
stickiness and plasticity when moist., The pH of these solls ranges from alightly acid te
slightly alkaline. Surface colors are dark brown grading into a light yellowish-brown with
lncreasing depth (Antonini et al., 1967, p. 28).

Landforms

Two landform assemblages associated with the belted metamorphic region are a dissected
upland and pediment surface. West of sabaneta, deformation associated with contact meka—
morphism and/or faulting has produced highly sheared rock umits of varied compogition. Here,
differential weathering, together with sheetwash and creep, have so etched the rock surfaces
that areas underlain by the more resistant rocks are brought inte relief as the less resist—
ant are lewered. Local relief averages 40 m. The Field relations are shown in the D-B'
cross section in Plate I. An example of the etching process of erosion 1s seen in differ—
ential weathering of the Duarte and Amins units mapped north of La Gorra. Contorted chert
forms topographically low portions: basaltic rocks and calc-gilicate hornfels underlie the
many small rocky knolls that give thiz area a characteristic microrelief not found elge-
where. Sparse vegetation and poor soil profile development facilitate effectiveness of
creep and sheetwash as degradational processes in this semiarid enviromment (Antonini, 1968;.

The land surface developed on the Amina Formation in the southeastern upland is more
subdued and evidences less dissection and more moderate relacive relief (25 m). Fluvial ac-
tion and overland flow are important ercsional agents, as indicated by the mmercus inter—
mittent and perennial streams that cross the area. Divides are generally flat-topped and
broad. FPalmer (1963, p. 14) has pointed out that the veln quartz accumulating on the soil
surface produces a very effective shield against weathering. As a whole, the eastern meta—
morphic region exhibits a sub-mature fluwial landecape. The drainage pattern is baslically
subparallel, and most trunk streams appear to be consequent. Topographic texture is coarse
in the southeast, where the drainage density is 9.2, West of the Guayubin River, increased
dissection and the occurrence of microrelief produce a finer topographic texture with a
drainage density of 18.1.

PIEDMONT UPLAND

Gealagg

The piedmont upland is situated north of the goutheastern belt of metamorphic hills
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underlain by Amina schist and is ‘designated a sub-unit within the broad piedmont region map-
ped in Figure 5. The map lithologic unit 19 associated with this geomorphic subregion is
identified within the stratigraphic sequence in Plate IT and delineated on the gecloglc map
in Plate I.

The Bulla Conglemerate basal member of the Lower Miocene Cercado Formation flanks belt-
ed metamorphic hills from Sabana Iglesia to Sabaneta. Vaughan ef af (1921, pp. 66-67) named
this unit after the village of that name found near the type sectlon adjacent to the Mao
River 6% km northeast of Moncion. Examination of that outcrop shows yellow conglomerate in-
terbedded with layers of sand. The lithelogy contains poorly sorted pebbles, cobbles, and
subangular boulders of diorite, granite, schist and other rocks of the basal complex, rang-
ing from 1 to 30 cm in diameter. To the south, Bulla Conglomerate rests unconformably with
depositional contact upon the Amina schist. The northern boundary of the conglomerate is
conformable and grades into the overlying Cercado sandstone. The C-C' geologic cross sec—
tion in Plate I illustrates stratigraphic relations of this pledmont conglomerate.

Solles

8oils found on the pledmont upland surface are coarse-textured and contain a varied as-
sortment of rounded igneous and metamorphic pebbles and cobbles. In places an indurated
layer may be reached, but more commonly the profile 1s open and permeable. As a result,
internal drainage is good. Openness of the soll Juxtaposed with high lacal relief, how-
aver, gives rise to excessive external drainage. Texture grades from stony silt loams to
coarse and fine sandy clay loam subsoils with a pH of slightly acid to neutral. Colors
range from a dark reddish-browm to reddish-brown surface soil and from a yellowish-brown to
light olive-browm subsoil (Antonini el af., 1967, p. 28).

Landforms

Perusal of the surficial geclogilc map in Plate I shows that areas underlain by the Bul-
la Conglomerate exhibit a discinctive fan-shaped morphology. As one travels south toward
the source area, increasingly angular fragments of igneous and metamorphic rocks are found.
Presence of rounded to subangular cobbles and boulders of the basal complex indicates flu-
vial deposition and a high energy environment. FPalmer (1963, p. 189) reports local presence
of marine fossils and that at least part of the Bulla Conglomerate is marine. Apparently,
the fan-glomeratic Bulla deposite represent the ghoreline of north-central Hispaniola during
lLower Miccene timas.

Subjected to excessive sheetwash and moderate stream erosion, this piedmont upland ex-
hibits & sub-maturely dissected land surface with 20% average slopes and 30-m high local
relief. Divides show moderate reduction and average 100 m in width, but slopes continue to
be smooth and rounded. Owver larger outcrops, the drainage pattern is subparallel and higher-
srder streams are consequent. Topographic texture can be described as coarse with a dralo-
age intensity of 10.9.

PIEDMONT FLATEAU

Geology

The piedmont plateau subreglon is composed of three distinct formations of Miocene age.
Formational names and deseriptions first designated by Maury (191%} and later expanded upon
by Vaughan ef af. (1921, p. 65) are based upon detailed paleontological studies of fauna
collected from exposures along isolated traverses of the Mao, Gurabo, Cana {Chapeton}, and
Yaguajal Rivers (see Maury, 1917b, pp. 425=444, and Vaughan et af., 1921, pp. 6575, 96-100,
113-153). The work of Bermudez (1949} is a more recent paleentelogical study of the Santi-
ago-Moncion area and includes sketch maps (1:200,000) of the region showing faunal zones
and sample locations, together with a listing and classificatiom of fossil localicies. On
the basis of these published reports and the writer's field studies, the following correla-
tions can be made between formation names, surface lithelogles and related landforms. In
the southeast the Lower Miocene Cercade Formation middle sandstone member underlies a
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maturely dissected plateau. HNorthward, the Cercado Formation grades conformably into the
Middle Miocene Gurabo siltstone, where the land surface becomes a horizontal marine shelf
and an undulating lowland. A series of limestone-capped cuestas, mesas and buttes striking
west-northwest - east-southeast with a slight northward dip defines the northernmost plateau
unit, which is underlain by the lower member of the Upper Miocene Mao Formation. Cross sec—
tion D-D' in Plate I shows stratigraphic relationships found within the pledmont plateaun
subregion.

Ferusal of the geclogic map in Plate I indicates that the Cercade sandstone overlies

the Bulla Conglomerate both with sharp and gradational conformable contacts. Maury (1917b,
PP+ 425-433) studied the formatiom by examining cutcrops along the Mao River and typed the
section at 798523. As a lithologic unit, sandstone of the Cercade Formation can be descrih—
ed as gray/blue fine calcareous sand with pockets and layers of indurated fossiliferous sand=-
stone, which are profusely fossiliferous in many places. In the upper portion of this unit,
lenses of fine sandstone and arenacecus siltstone occur. A diagnostic characteristic of Car-

cado lithology is the presence of highly indurated ellipsoidal lemses of fossiliferous sand—
" atone averaging 1% m in diameter. Small lentils averaging 8 cm are also found within the
unit.

Maury (1917b} also typed the Middle Miocene Gurabo ailtstone from cutcrops along the en—
trenched meanders of the Gurabo River, from 703589 to 701597 ar Gurabe Adentro, and along the
Mac River south of the town of Cercado at 808547, Vaughan ef af. (1921, pp. 69-73) extended
the paleontologleal record by classifying cuterope of Gurabo siltstone eastward at the Guana-
juma River ford (904550), Amina River ford {927537) and at the road cut west of La Canela
{(approximately 080545).

The writer has recognized and mapped two distinct lithologic units that tentatively cor-
relate stratigraphically with the Gurabo Formation within the piledmont plateau subregion.
These units, exposed from south to notth, are the following:

(1} fossiliferous silt: pale olive, soft, somewha:t argilliferous calcareous silt
with or without macro-fossila. This surfieial material overlies Maury's
(1917b) Stariom 1 and Vaughan's et af. (1921, p. 69} Station B546 at Curabo A—
dentro. It 18 a major wnit that characterizes much of the undulating lowland
and marine shelf.

(2) fossiliferous siltstone and caleareous colluvium: Light brown/yellow, soft,
highly calcareous siltstone. Many beds contain calcareous concretions and/or
are highly fossiliferous, but in some bheds fossils are scarce or lacking. This
unit contains colluvial calcareous deposits resulting from anrface gravity flows
of loose calcareous ellt with scattered fossiliferous material from cuesta and
mesa limestone cap rock. It correlates tentatively with Maury's (1917b) Zone
P and Vaughan's ¢f af. (1521) Station 8554 at 705615 on the Gurabo River,

The Upper Miocene Formation lower member was first identified by Gabb (1881, p. 151) and
later studied by Maury (1917b), Vaughan et af. (1921, pp. 73-74) and Bermudez (1949, pp. 13-
17). Conformable with the underlying Gurabe Formation, it forms the limestone cap rock for
a4 serles of cuestas and mesas that flank the Cibao Valley from Santiage to Pepillo Salcedo.
Type locality given by Vaughan et af. (1921, p- 73) 1s for a section on the Mac River oppo—
site Mao Adentre (815575). Im this study it is termed the coraliferous limeatone lithology
and described as yellow/yellow-brown, hard, somewhat argillaceous limestone containing a
great number of branching corals. Some arenacecus deposits occur in the basal portion.

Where structure is essentially horizontal, mesas and buttes are the dominant landform. A
slight dip produces a cuesta form.

Maury (1917b), Vaughan et af, (1921) and Bermudez (1949) recognized an upper conglom—
eratic member of the Mao Formation exposed in cutcrops along the Gurabo and Cana Rivers
north of the cuesta and thus cutside the pledmont plateau subregion. Field studies in the
mapped area show calcareous metacrystalline conglomerate and gravel, consisting of rounded
and weathered pebble-cobble-size inclusions with a calcarecus argillaceous matrix, interbed-
ded and overlying the Mao reefal limestone as a cap rock of the butte 1% km northwest of Los
Quemados. The unit appears conformable at this location and can be considered of Upper Mio-
céne age. Between Zamba and Martin Garcia, however, this surface lithology overlies fossil-
iferous silt on the marine shelf, According to Bermudez (1949, p. 16), this unconformity
makes the outcrop Pliocene in age.
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golla

Soils developed within the piedmont platesu closely approximate the varied reck units
and, in addition, show interaction of parent materials with climate and land surface. Cal-
careous sandstone plateau soils are shallow, often include a hardpan, and contaln coarse
weathered calcareous fragments in the profile. Typlcally medium-textured silt loams and
fine sandy loams, they have fine sand and eilt subsoils. As a result, the profile is still
open but less permeable than piedmont upland soils. Erosion 1s excessive dues Lo very high
1ocal relief which facilitates rapid external drainage. The pH of surfdce and subsoil
ranges from 7.0 to 8.0 with considerable subgoil free lime occurring in the form eof stains
and modules. BSurface color varies from very dark gray-brown to dark yellow-brown. Subsoil
colors are olive to pale olive and commonly include medium-sized distinct light gray and
yellow mottles.

Fossiliferous siltstone solls are deep but moderately developed. They are typically
nedius-textured loams, silt loams, and silts with silty clay and clayey subselle. Highly
plastic and sticky when moist, they tend to suffer from poor internal drainage. Profiles
may be stone-free or may contain some fossilifercus fragments. The pH of surface and sub-
surface ranges from 7.6 to 8.0; both goils contain considerable free lime. Surface color
varies from dark brown to dark gray-brown; subscils are alive to olive-brown. These soils
cceupy the largest area within the undulating lowland from Hundidera to Gurabo Adentro (An-
tonini et af., 1967, p. 25). Westward from Las Cacbas to Carbomera, the marime shelf 1=
underlain by a variant of this soil. Here, pH's tend to be somewhat lower, amd free lime
ig less pronounced. The browmish surface color is more stromgly developad, but the subsoil
takes on a definite grayish cast.

The colluvially-derived gurfieial lithologic unit 14 (Plate II) has shallow stony soils.
Less than 183 cm thick (i.e., to hardpan or hard rock), they contain coarse calcareous frag-
ments within the profile. Textures tend to be medium to coarse and pH remaims high. Soils
related to map unit 15 have intermixed and surficial gravel. A brownish surface color ap—
proximates the Gurabo siltstomne soil, and subsoil colors of this unit are more apparant at
the surface (Antomini et af., 1967, pp. 25, 27).

Landforms

Land surfaces developed on the Cercado sandstone and Gurabo siltstone can be described
as maturely dissected. On the sandstone plateau sloping, flat=tupped ridges, locally eall-
ed cuchillos, form the domimant landform and are often capped with indurated masses of sand-
stone., Divides averaging 50 m in width exhibit considerable reductiom and, together with
46% slopes and a local relief of 35 m, produce a highly serrated topography. Land surface
developed on the Gurabo siltstone is still maturely dissected but of low relief, moderate
ruggedness and slope. This may be interpreted to mean that deep, steep-sided gullies are
likely to be found within the undulating lowland and on the marine shelf. Ignoring height
differences of the gully itself, local relief is generally less than I m. Elopes rarely
exceed 10% (Antonini ef af., 1967, p. 33).

The Upper Miocene Mao limestone and polymictic conglomerate underlie the sub-maturely
digsected, flat-lying mesa-butte complex and northward-dipping, maturély dissected cuestas.
Sharply defined scarp-slope topography of the valley walls is accentuated by absence of ve-
getation, which directly facilitates action of runeff and chamnel erogion, important pro—
cegses in cliff retreat. Scarp slopes exhibit high ruggedness, high relief, amnd high slopes.
Local relief ranges from 3-20 m, and slopes from 10-60% (Antonini et af., 1967, p. 33).
Cuesta-mesa summit surfaces tend to be more subdued and are of modest slope, relief and
ruggedness.

Throughout the piedmont plateau subregion, steep slopes, shallow medium-textured scils,
and a gsemiarid climate produce the physical basis for excessive sheetwash and accelerated
erosion during rainy seasons. Man, too, has been an active agent, aiding erosion with
slash-and-burn farming and thus increasing area of exposed rock and surface sell to the in-
frequent torrential showers (Antenini, 1968).

Mejor trunk streams, such as the Yaque, Amina, Mao and Gurabo Rivers, are extended
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consequent streams Inicially developed when the region was a newly uplifted coastal plain.
411 are exotic entrenched perennial streams with courses extended northward from the Cor-
dillera Central through the pledmont plateau. The Cadada de Tomico, a dry wash tributary of
the Amina River, represents more recent stream development. This cyelical subsequent stresm
has developed on the belt of weaker rocks of fossiliferous silt underlying the undulating
lowland.

Drainage pattern of most lower-order streams is dendritic. Topographic texture ig fin-
est on the sandstone surface with drainage density of 15.1. The siltatome plain (D=9.6) and
limestone belt (D=4.5) reflect corréspondingly reduced local relief on the undulating low-
land and dense, forest-covered Zamba Hills me2ga-cuesta complex,

FIEDMONT PLAINS

Geology

Twe geographically and lithelogieally distinct piedmont plains defined within the map=
ped area are underlain by Tertiary and Quaternatry deposits and represent (uaternary erosion
surfaces of marine and/or fluvial origin.

The pledmont plain, located between Santiage and Copey, is bounded on the scuth by the
Mao limestone mesa=-cuesta complex and on the north by the Yaque River valley floor. TField
study of the upper member Upper Miocene Mac Formatiom type localities has enabled the
writer to identify and map the following two lithologic units: (1) ealcarecus poelymictic
conglomerate and gravel {(unit 12, Plate I); and (2) friable, gray calcareous poelymictic
glley sand and colluvium (unit 11, Plate I). Both lithologies contain cross bedding, and
large macrofossils were found at a mumber of samplé sites. Cross section E-E' in Plate I
shows the stratigraphic relationship of map unit 12 with the Middle and Upper Miocene for-
maticns near the type locality. HNote that north of Sierrs Las Caobas, polymictic conglom-
erate/gravel rests unconformably on the Gurabo siltstone.

Semi-consolidated argillaceocus calcareous silt onm the lowland and marine shelf from
Hundidera to the Haitian frontier also extends below the Zamba Hills to outerop within the
pledmont plain north of paleo-marine talus slopes. Fossiliferous silt lowlands, located
adjacent to the polymictic fan-glomeratic sand hills, are covered with scattered loose,
rounded, weathered pebbles-cobbles and few houlders of ignecus-metamorphic compositicon,
This is identified as map lithologic unit 15.

Gabb (1B8l, pp. 153-156) identified coarse-textured western interior piedmont plain
deposits as Tertiary in age and correlative with gravels along the Mao River. Maury (1917h,
p. 30) distinguished between superficial gravels of probable Quaternary age and Tertiary
gravels within her Sabaneta-Rio faguajal section, which she considered the type locality
for gravelly knolls of the weastern pledmont plain., Works of Vaughan et af. (1921, p. 175)
and Bermudez (1949, p. 17) suggest that these deposits are Pliocene and may lie on the
truncated surface of northward-dipping Miccene sandstone and clay. Studies by Woodring ef
af (1924, pp. 225, 356) and Wood (1963, pp. 23-24) on Haiti's north plain show that Quater-
nary non-marine sediments underlie an extens#ve area adjolning the writer's western piedmont
map units. Adir photo interpretation of the adjacent Haitian region indicates similarities
in form and structure between adjoining lithologic and worphologic units.

Three separate surface lithologies have been identified and mapped within the south-
west pledmont plain: (1) fine- and medium-textured deposita;: yellow-red/yellow=browm,
noncalearecus, predominantly wnconsolidated sand, interstratified with silt and clay (unit
9, Plate I); (2) coarse-textured deposits: rounded to subangular, poorly weathered gravel,
composed of varying amounts of metamorphic mafic volcanics, calcaresus metasediments, seri-
citic schiast and plutonic ignecus rocks {unit B, Plate I); and (3) surface gravel with cal-
careous and noncalcareous evaporites: same as unit & but with caliche deposits In the soil
profile and/or on the surface (unit 10, Plate I).

Field evidence suggesting non-marine deposition is: (1) lack of fossils; (2) charac-
teristic red coler, indicating a widespread oxidizing enviromment: and (3) eccurrence of
clay galls in the graveliferous unit. Surface gravels on this piedmont plain are less
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weathered and present more angular faceted surfaces than polymictic gravels south of the Ya-
gque valley floor. Cross geetion BE-E' in Plate I shows stratigraphic position of these units
toward their eastern limit, and P=F' illustrates congiderable breadth of the pledmont plain

in the west-central region of the mapped area.

Soils

goils of the northern piedmont plain closely approximate those of similar parent materials
and slopes located within the piedmont plateau adjeining this unit om the south. Southwestern
piedmont plain scils exhibit a gradational change in physical properties from east to west.
Rear Sabaneta, they are dark brown medium-textured sandy loams with stromg brown clayey loam
subgoils. The pH ranges downward from 7.2 to 7.0, and there is occasional gravel in the pro-
file., Because elevation declines to sea level and surface relief diminishes toward the west,
this profile exhibits the effects of imperfect drainage. Subsoil texture is clay, and the
pH rises to B.0; the yellow-brown mottled color reflects poor drainage (Antonini et af., 1967,
p. 30a).

Landf orms

Examination of the geologic map in Plate 1 shows that the polymictic cnngluneratefgruvelf
gand upper member of the Mao Formatilon averlies extensive areas within the northern pledmont
plain at localities aligned within the former littoral depositicmal zome. In all cases, their
pogitions coincide with major breaks or passes in the Upper Mioccene barrier reef. Morphology
of these outcrops exhibits characteristic form of marine deltalc deposition, i.e., commonly
wide and fan-shaped at the distal end but narrowing to achieve funnel form at the river mouth.
Likewise, interfingering of terrigenous detritus, 1imey deposits of the reef complex, and
beach sand, together with cross bedding, further suppert the contention of a mixed high-en=
ergy depositional enviromnment.

Geographically sssociated with the fan-glomeratic/sand units of the littoral zone are
long, linear, paleo-marine talus ridges underlain by fragmented loose limestone detritus in
a calcareous silt matrix. Stratigraphically, this talus unit correlates with the fossili-
ferous siltstone and calcareocus colluvium which underlie the cuesta slopes {umit 14, Plate L}.

The gecond piadmont plain occupies the relatively flat interior basin between the Cor-
dillera Central on the south and Zamba Hills on the north and stretches from Las Caobas TO
the Massacre River. The southern perimeter of this westemn plain consists of a series of
piedmont fans extending several kilometers from the mountain fromt. Horphology and composl-
tion are due to the sudden change in gradient at the foot of the wountain, causing rapid de-
position of coarser debris. Increasingly finer-textured deposits are found to the north on
the piedmont plain. These are deep noncalearecus silts interstratified with sand and clay.
West of the Guayubin River, geveral localities of surficial gravel with calcareous and mon-
calcareous evaporites are found, umits normally found along dissected interfluves of dry
washes. Calcium carbonate is deposited chemically in the solum in this semiarid environment.
Concretinnary masses and caliche develop close to the surface on this badlands topography.

A comparison of the two piedmont plains shows that the ipner lowland has more of a sub-
dued land surface; it is a reglon of moderate relief, slope and ruggedness. Drainage density
readings for units 8 (D=10.4), 9 (D=5.2}, 10 (D=7.1), 11 (D=9.9), and 12 (D=17.2) reflect
this fact.

RIVER VALLEY FLOOR

Geology

Fluvial deposition characterizes the nmorthermmost section of the map region. It is also
associated with stream valley development along most of the Yague River's major tributary
streams and the Massacre River.

Fine-medium- and coarse-textured unconsolidated Recent floodplain deposits have been
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mapped, in addition to graveliferous, fine-medium-textured and bedrock deposits, which 1lie

adjacent to the outer perimeter of the fleodplains. Bedrock terraces may or may not have a
thin veneer of alluvium on them. Essentially they represent remnant valley flate produced,
in most instances, through lateral erosion by graded streams.

Recent and older fluvial depoglte are found along the Yaque and entrenched Dicayagua,
Amina, Guanajuma, Mao, Gurabo, Cana (Chapeton), Yaguajal, Guayubin, Aminilla, Chacuey, Ma-—
Buaca and Macabon Rivers. Recent fluvial deposition along the Massacre Biver has laid dowm
very finme-textured sediment accumulations. This area, located north-northwest of Dajabon,
is extremely level and is crossed by many distributaries which funmel the river's discharge
into Manzanillo Bay. Recurrent annual flooding is characteristic of this zone. Test borings
at 8ix locatione showed Recent stratified silts and clays to more than 20 m depth.

Soils

Toung alluvial soils generally exhibit medium-to-coarse texture and in places may con-
tain gravel and coarse fragments both on surface and scattered through the soil body. Pro-
files are deep and generally well dratned internally, but external dralnage is poor because
of flooding. Massacre River floodplain goile are deep with silty clay textures and suffer
from very poor drainage. Surface colors vary from dark brosm te dark gray-brown, and sub-
soil colors from olive gray and yellow-brovn to dark gray-brown and dark vellow-brown (An-
tonind ef af., 1967, pp. 29-30). The PH is normally slightly alkaline-to-glightly aecid de-
pending on sediment source area and loeal climate. In the Yaque delta area, however, in-
creasingly poor drainage westward and a high rate of evaporation facilitate aceumulation of
excess salts in soils adjeining the mangrove swamps and brackish water lagoons that 1ie ag-
tride the far northwestern boundary.

Solls developed om older graveliferous alluvial terraces are similar to coarse-textured
rledment plains soils. Bedrock terrace soil genesls depends largely upon residual parent
material.

Landforms

Fost-Miocene faulting and folding brought the Cordillera Septentrional into existence
to the north. Thie regional structural change diverted stream flow of the Tagque River waeat
along a course of least resistant rocks. Drainage at that time became subsequent and follow—
ed regional geologic strike. The Taque River was thus diverted west at Santiage and suc-
ceeded In capturing discharge from the Amina, Mao, Gurabo, Cana, Guayubin, Maguaca and Cha-
cuey Rivers. Since the Cordillera uplift, the Yaque River system has deposited materials
that have weathered Into distinct morphologic units: (1) stream terraces; (2} Recent flood-
plain; and (3) a river delta.

Active fluvial deposition is occurring on the Yaque River floodplain {northern rim of
the map region). West of the Guayubin River, where fluvial depogition exceeds rate of re-
moval, the Yaque River has built a large delta extending westward to Manzanillo Bay. Prior
to the later 19th century, the Yague River shifted its meandering channel periodieally with-
in the delta. Canalization of the Yaque west of Guayubin in 1885 regulated stream flow,
aligned the river's discharge through a major channel along the extreme northern boundary of
the study region, and succeeded in draining the old oxbow lakes and ewamp land stretching
from the Maguaca River to Manzanille Bay (Antonini, 1968).

SUMMARY

Surficial geology and morphelogy have been mapped in 2660 square km of the Dominican
Republic: along the northern flank of the Cordillera Central and within the weatern Cibao
Valley from Santiago de los Caballeros to the Haitian frontier. The region contains meta-
volcanic, metasedimentary and sedimentary rocks, in addition to unconsolidated alluvial
sediments.

Originally a coastal plain during the Miocena epoch, post-Miocene faulting and folding
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brought the Cordillera Septentrional into existence to the north. This reglonal structural
change transformed the area into an interior piedmont and montane upland now remote from

the sea. OCeologic structure parallels the northwest-southeast orlentation of the Coxdillera
Central's crystalline basement, which lies to the south. Major physiographic units and thelr
subregions mapped are: (1) belted metamorphics; (2} the pledmont, consisting of an upland,
plateau and plains surfaces; and (3) river walley flcors.

A belt of hills found along the southern base of the study area is underlain by meta-
volcanic and metasedimentary lithelogic units considered to be the oldest rocks in the Linea
Noroeste map area. Belted metamorphics cover a broad sub-maturely digsected area in the
southeast, but thelr extensions westward are confined to gcattered, isclated en echelon Te-
sidual knolls and maturely dissected hills. Soil profiles are shallow and contain consider-
able coarse rock fragments.

North of the metamorphic zone lies the piedmont region. In the southeast Early Miocene
(Yaque Group) sedimentary rocks rest unconformably with depositional contact upon the Amina
achist. The Miocene basal conglemerate is quite resistant to weathering and has produced a
broad, rounded and ridged pledmont upland that rises in elevation te the south. Solls dev-
veloped on the country rock are coarse-textured and abgsorb molsture readily during the rainy
seagons. High infiltration and runoff are characteristic features.

The three major Lower, Middle, and Upper Miocene formations underlying the piledmont
plateau to the morth are undisturbed, esgentially horizomtal or with a slight northward dip,
and strike northwest-southeast. The southernmost unit, the Cercado Formation, overlies the
Bulla Conglomerate with both transitional and sharp conformal contacts and forms a maturely
digsected sandstone plateau. Flat-topped ridges, locally called puchiffos, form the dominant
landform. Steep slopes and shallow medium-textured scils facilitate excessive sheetwash and
erosion. A topographically high marine shelf underlain by lithified Gurabo siltstones appears
conformable with the underlying sandstone and grades into overlying Mao limestone. The land
gurface is still maturely dissected but of low relief and slope. Gullying is well developed
in the deep medium~ to fine-textured calcarecus solls. TUpper Miocene Mao coraliferous lime-
stone and conglomerate cap the series of genetically related sub-maturely dissected cuestas,
mesas and buttes which form the northern boundary of the piedmont plateau geomorphic subre—
glon. Sodils found here are shallow, medium- to coarse-textured and contain many limey rock

fragments .

Twe areas of pledmont plains are found within the mapped area. One is located north of
the plateau and south of the Yaque River vallay £leer and consiste of palec-marine talus,
marine deltaic deposits, and a marine shelf of either Miocene andfor Pliocene age. Solils of
this northern plain approximate closely those with similar parent materials and slopes lo-
cated within the piedmont plateau to the south. The other piedmont plain 1s a relatively flat
intericr basin lying between the Cordillera Central and limestone-capped ridge of Upper Mio-
cene age in the southwestern porticm of the study area. Unconsolidated fresh-water deposits
grade from gravels and coarse sand st the mountain base to silts and clays near the northei-
subregional boundary. Field evidence and the work of prior investigators suggest that the un-
fossiliferous deposits are of Pliccens age and repreésent residual remnants of an original lag
veneer that once covered the entire surface. The scuthwestern pledmont plain soils show
gradational change in physical properties from east to west with increasing alkalinity, hesvy
subsoil texture, and imperfect drainage.

The river valley floor reglon flanking the Yaque River from Santiago de los Caballercs
to Monte Cristi, and its major tributaries, together with the Massacre River from Dajabon
northward, consists of Pleistocene stream Lerraces, Recent floodplain and shoreline deposits.
Young alluvial floodplain soils have deep profiles snd exhibit wedium-to-coarse textures.
The pH and drainage characteristics vary as a function of parent materials and local climate.
Snils dewveloped on the older gravelliferous terraces are similar to coarse-textured pledmont
soils and bedrock terrace soll genesis depends largely upom resldual parent material.

CONTENT FOOTNOTES

lthe graphs used herein are taken from the study by Antonini ¢t af . (1967, p. 36a). Note
that the water balsnce curves given for selected statlons in the northwest are based on the
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Thornthewaite moisture budget accounting method which describes the relationship between
actual and potential evapotranapiration and by doing so defines moisture deficiency and
water surplus.

Eﬂlﬂﬁﬂlficﬂtiﬂn of land masses is based on geologic structure or lithelogy and closely fol-
loews the scheme developed by Strahler (1946, pp. 32-42). Accordingly, the belted metamor—
phic region includes areas of metamorphosed sedimentary and igneous tocks that have been
folded and faulted in such a way as to produce a distinet but irregular elongate, subparal-
lel ridge and valley alignment.

3Hurphauetri¢ studles of fluvial landscape units were determined by selective gampling points.
Texture grades were measured for areas covered by contour topographic maps using Smith's
(1950, pp. 656-657) texture ratio. In areas where only aerial photographs were available,
the Horton (1945) drainage density formula was used. Both texture and density measurements
were used to describe the degree of stream dissection found in each landform region. Topo-
graphic texture is an expression of the spacing of the smallest drainage lines and is 8yn—
onymous with Horton'"s "stream frequency' measured in terms of the number of stream channels
per unit area. Smith's texture ratio is a logarithmic function of Horton's drainage density
measurement. Thus, the two sets of values are correlative and can be keyed by their cor-
resgponding class interval values;

Topographic Texture Drainage Density
General Term Numerical Values General Term Humerical Values
Coarse <4.0 Low <8.0
Medium 4.0 - 10.0 Medium 8.0 - 24.0
Fine >10.0 High >24.0
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