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ABSTRACT
Rocks in the Port Antonio—Berridale area of northeastern Jamaica
range in age from Upper Cretaceous to Pleistocene.

Cretaceous andesitic

volcanic and volcaniclastic rocks, for which the name Annotto River For
mation is proposed, underlie most of the area.

The Spring Bank Andesite

and Bonnie 'View Andesite Members of this formation consist of massive
pyroxene andesite flows.

The Kew Green, Air Mount, and Boundbrook mem

bers consist predominantly.of marine volcaniclastic rocks with minor rud
1st limestones, including Tltanosarcolites. Andesite and diprite dikes
are common in the volcanic section, particularly along faults^

Cessa

tion of volcanism in the area was followed by deposition of Upper
Cretaceous-Tertiary sedimentary rocks including the Providence Formation
which is a transgressive Sandstone and mudstone unit; Richmond Forma
tion (?), interbedded mudstone and sandstone with a basal algal lime
stone or breccia unit; White Limestone above an angular unconformity;
and Buff Bay Formation, consisting of marl and claystone.
Cretaceous rocks have been uplifted into an antiformal structure
Faulting is widespread and probably of at least three ages:

Cretaceous,

Eocene, and Plio-Pleistocene.
Copper mineralization in the Cretaceous volcanic rocks includes
disseminated native copper in andesite dikes, small chalcocite-bornite
veins, and copper silicates and carbonates.
copper remobilized during deformation.
be Cretaceous in age.

Veins probably represent

Much of the mineralization may

INTRODUCTION
Purpose of the Study
The largely unstudied Blue Mountain block of eastern Jamaica
forms the largest "inlier" of Cretaceous volcanic and volcanicsedimentary rocks on the island.

Along the margins of this block the

Cretaceous rocks are covered by, or faulted against, Cenozoic rocks,
dominantly of sedimentary origin.

A small projection, of the Cretaceous

rocks extends northeastward to the coast town of Port Antonio and is
surrounded on three sides by younger rocks (Figure 1).

The Port Antonio

district therefore provides an opportunity to study some of the later
Cretaceous rocks and their relationships with younger sediments not
easily observable elsewhere.
In addition, the area contains several occurrences of copper
mineralization, both reported and unreported.

Little was known of the

extent, types, and sources of copper mineralization.

Similar occur

rences are fairly common elsewhere in Jamaica.
The purpose of the study, therefore, is four-fold:
1.

Determine rock types present in the Cretaceous section, define
mappable units, and map these and the younger formations;

2.

Determine the principal structures and tectonic history;

3.

Locate occurrences of mineralization; and

4.

Postulate origins and sources of the mineralization.
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The Principal Geologic Elements of Jamaica and Location of the Port AntonioBerridale Area.

Location and Accessibility
The Port Antonio-Berridale area is located between the coastal
town of Port Antonio and the villages of Berridale and Fellowship in
Portland Parish, northeastern Jamaica (Figure 1>.

The area is bordered

by the Port Antonio harbors (Figure 2), the Fellowship and Stony Hill
roads and the Rio Grande, the largest.river in northeastern Jamaica
(Figure 3).

The mapped area encompasses approximately 7 sq ml (18 sq

km).
Access to perimeters of the area from Port Antonio is by various
paved or gravel roads and streets, and by boat or raft along the Rio
Grande.

Access to interior portions of the area is by a few crude roads

and numerous trails.

Climate, Physiography and Habitation
Jamaica lies at 18°N latitude and has a generally tropical cli
mate controlled by the northeast trade winds.

Rain shadow effects pro

duce rainfall exceeding 200 inches per year at higher elevations on the
northeast flank of the Blue Mountains, while Kingston, southwest of the
Blue Mountain crest, has a semiarid climate (Williams, 1969).

Port

Antonio, on the northeast coast, receives approximately 150 inches of
precipitation per year.

The principal rainy season is from September to

November, with another rainy period in May and June.
The topography in the Port Antonio-Berridale area is fairly
rugged and is characterized by a high stream density.
from sea level to 1093 ft (333 m) at Shot Over.

Elevations range

Individual valleys are

generally narrow with steep sides reaching up to 45-50° at the head.

Figure 2.

View Looking East toward Port Antonio.
-P'
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Figure 3.

View Looking Southwest toward Kew Green and Berridale.
Kew Green area is in the foreground, and Berridale is in the
middle distance within the loop of the Rio Grande. Foxes
River and the northern Coopers Hill area are beyond the Rio
Grande.

6
A heavy cover of tropical vegetation, much of it second growth, mantles
most of the area.
A moderate amount of land area is under cultivation, particu
larly in bananas, yams and coconuts.

Other commodities-include bread-

fruit, mango, citrus, chocolate (cocoa) and avocado.

Some land has been .

cleared for the grazing of cattle.
Port Antonio is the largest populatiph-center in the district,
an important port, and the seat of the Portland Parish Council.
western portion of Port Antonio is known as Boundbrook.

The

Breastworks

lies about one mile south of Port Antonio in the West Town River valley.
A few houses comprise the settlement of Providence, southwest of Breast
works.

The villages of Fellowship and Berridale are situated near the

Rio Grande in the southeast and southwest corners of the area.
Method of Investigation
Field work consisted of over 3% months of geologic mapping from
February to April, 1973, and October to December, 1974.

Mapping was

done on aerial photographs at a scale of approximately 1,000 feet to the
inch (1:12,000) and on a topographic map at a scale of 1 inch to 500 feet
(1:6,000).

Figure 4 (in pocket) shows the surface geology; cross sec

tions are shown on Figure 5 (in pocket).
Mapping is usually limited by lack of outcrop and deep weather
ing to stream bottoms, roads, trails and occasionally ridge tops.

Fresh

volcanic and volcaniclastic rocks are usually seen only in creek bottoms,
but saptolite and partially weathered rock are intermittently exposed

along trails and roads.

It was found that saprolite commonly displays

the mineralogy and textures of volcanic and volcaniclastic rocks better
than the fresh rock.

Contacts between various units are rarely exposed,

and contact relations between most units are inferred.
Petrographic studies were made of 36 thin sections and 4 polished
thin sections.

Mineral volumes have been determined by visual estimation.

Assay data and skeletonized core from three drill holes on hill
593 east of the Annotto River were made available for study by Jamaica
Exploration Co., Ltd.
History, Production,
and Previous and Current Work
Mining activity occurred during the 19th century (Sawkins, 1869;
Barrett, 1869a), but production was probably limited to a few hundred to
a few thousand tons of copper ore.
Published geological reports on the district are limited in num
ber and scope.

J. G. Sawkins (1869), in his chapter "Portland Parish,

East of the Rio Grande", described several traverses through or along
the borders of the mapped area.

Lucas Barrett's report (1869a) on the

copper veins of Portland Parish, in Sawkins (1869), describes a number
of copper occurrences in the area.

*In a general study of the mineral

resources of Jamaica, Hughes (1973) summarized much of Barrett's and
Sawkins' data.

C. T. Irechmann, concerned primarily with paleontology,

referred briefly (1924a, 1924b, 1927, 1942) to exposures of the Provi
dence and" Richmond Formations and other rocks along the Fellowship and
Providence roads.

Robinson (1969) mapped and revised the stratigraphy;

of the White Limestone and younger rocks in the immediate vicinity of
Port Antonio as part of a general study of these rocks in eastern
Jamaica.
Unpublished work concerning the Port Antonio and adjacent
areas aided in the study.

The work includes reconnaissance mapping by

Bryant (1972) and Huttrer (1972), a companion study of the Coopers Hill
area southwest of Berridale by Lessman (1979), and mapping by J. krijnen
and students of the University of the West Indies in the Windsor-John’s
Hall and Chepstowe-Chelsea-Durham areas south and southwest of the
mapped area.
Terminology
The classification of volcaniclastic rocks used in this report
is modified slightly from Fisher (1961); most modifications are from
Fisher (1966) and Glover (1971).
scheme.

Table 1 illustrates the classification

"Pyroclastic" refers to material fragmented by volcanic pro

cesses, regardless of its mode of transportation and deposition.

Thus,

pyroclastic deposits, which often contain a significant amount of fresh
or devitrifled volcanic glass, may be either of primary origin from vol
canic eruptions or reworked by sedimentary processes (Fisher, 1961).
"Epiclastic" implies material fragmented by weathering processes; that
is, erosion of older, generally indurated rocks.

The size break between

breccia fragments and lapilli is placed at 32 mm following Glover (1971)
and most other authors, rather than the 64 mm of Fisher.

The distinc

tion between the terms "tuff breccia", "lapilli tuff", "pyroclastic
breccia" and "lapillistone" is that the former two have abundant matrix

Table 1. Classification of Volcaniclastic Rocks.
Predominant
Grain Size
(mm)
Autoelastic
Pyroclastic
Tuff breccia
Flow breccia
-256Auto-breccia

Pyroclastic
breccia

Epiclastic 1,2

Equivalent
Non-genetic Terms1*2

Epiclastic
Volcanic
Breccia

Volcanic
Breccia

Epiclastic
Volcanic
Conglomerate

Volcanic
Conglomerate

-64Intrusion
breccia
-

Agglomerate

32

-

Lapilli tuff
Lapillistone
Epiclastic
Volcanic
Sandstone

Epiclastic
Volcanic
Wacke

Volcanic
Sandstone

Volcanic
Wacke

_JL
16
Tuffisite

Tuff

Epiclastic
Volcanic
Epiclastic
Siltstone
Volcanic
256
Epiclastic
Mudstone
Volcanic
Claystone
^May be mixed with nonvolcanic clastic material.
^Add "tuffaceous" to rocks containing pyroclastic material less than 2 mm
Modified from Fisher (1961, 1966) and Glover (1971).

Volcanic
Siltstone
Volcanic
Claystone
in size.

Volcanic
Mudstone

material, whereas the latter are composed dominantly of breccia- or
lapilli-sized fragments (Fisher, 1966).

Agglomerate is "composed mainly

of large . . . pyroclastic fragments rounded by volcanic processes"
(Fisher, 1961, p. 1412).

"Macke" refers to a sandstone with greater

than 10% argillaceous matrix (Williams, Turner and Gilbert, 1954).

REGIONAL GEOLOGY
Greater Antilles
Jamaica lies adjacent to, and is probably a part of, the
Cretaceous-early Tertiary island arc system of the Greater Antilles,
which extends east-southeast and east from Cuba to the Virgin Islands.
After early Tertiary time, the area has been the site of marine, domi
nantly carbonate, sedimentation, interrupted by vertical crustal move
ments.

Strike-slip faulting has probably played an important role in

later events.
Jamaica’s position in the Greater Antilles island arc system is
somewhat anomalous.

It lies southwest of the main arc trend at the

northeast end of the Nicaragua Rise.

Paleozoic metamorphic rocks in

Honduras and on islands off Honduras trend along the rise (Khudoley and
Meyerhoff, 1971); however, no known Paleozoic or early Mesozoic rocks
occur on Jamaica..

The Cayman Trough and related marine and onshore

structural elements extend from. Guatemala through Haiti to the Virgin
Islands. The trough, which separates the Nicaragua. Rise from the Cayman
Ridge and lies immediately north of Jamaica, is in part an extensional
feature.

Faulting probably began in late Cretaceous (Meyerhoff, 1966)

or early Tertiary (Erickson, Helsley and Simmons, 1972), with consider
able movement since Miocene time (Meyerhoff, 1966; Arden, 1969).

The

trough has also been interpreted as a left-lateral strike-slip fault with

11

I

12
displacements ranging up to 300-1,000 km (Hess and.Maxwell, 1953; Molnar
and Sykes, 1969; Malfait and Dinkelman, 1972; Pinet, 1972)Plate tectonic interpretations of Greater Antilles and overall
Caribbean geological history emphasize the complex interactions between
the Caribbean, North American, South American and East Pacific plates....
Following rifting and separation of the continental land masses in the
early Mesozoic, northeast—southwest to north-northeast south-southwest
convergence produced the Greater Antilles island, arc-trench system in
late Mesozoic-early Genozoic time.

Hypotheses concerning development

of the arc-trench system vary widely in detail, including differing
views on the inclusion of Jamaica in the system.
Malfait and Dinkelman (1972) postulate two subduction zones,
one northeast-dipping under Cuba and another south- to southwestdipping under the eastern Greater Antilles.

A shift to more east-west

convergence at the.beginning of the Tertiary resulted in a southwardshifting series of left-lateral pre-Cayman Trough faults, which gradu
ally cut off segments of the "Cuban Trench" and finally resulted in the
present day left^lateral transcurrent boundary between the North American
and Caribbean plates.

Southern Guatemala, Honduras and the Nicaragua

Rise, of which Malfait and Dinkelman (1972, p. 258) state Jamaica may
"mark the eastern extent", represent a section sliced from southern
Mexico and moved to its present position by large-scale movements along
the left-lateral faults.

A northward-dipping subduction zone was active

in Late Cretaceous time beneath this now-removed section of southern
Mexico.

13
On the other hand, Mattson (1972, 1973) believes a single southto southwest-dipping subduction zone and volcanic arc, including Jamaica,
formed during the Cretaceous.

During the Late Cretaceous, the Bahamas

Platform, composed of continental crust, reached the subduction zone,
subsequently welding itself to Cuba. At about this time, the Atlantic^
Caribbean junction began to shift from convergent to lateral,, coincident
with a change in volcanics

. . from a predominantly marine andesite

type to a fault—controlled'partly nonmarine dacite-andesite type . . .
volcanism ended in the eastern Greater Antilles in Eocene time when con
vergence was finally transferred eastward to the Lesser Antilles . . .,r
(Mattson, 1973, p. 35).
On Jamaica, Mattson’s hypothesis is supported by the existence
of an apparent paired metamorphic belt, albeit small and incomplete, of
greenschist-blueschist and amphibolite facies schists in the southern
foothills of the Blue Mountains.

The polarity of the paired belt sug

gests a southwest-dipping subduction zone in the Cretaceous (Draper and
others, 1976).
Freeland and Dietz (1971), in a similar model, believe that/two
wedges of Jurassic sediments, proto-Cuba and proto-Hispaniola, drifted
across the Caribbean with subduction zones at their northeastern and
northern leading edges.

By the Middle Eocene, subduction ceased, left-

lateral movements began and several small spreading centers "split protoHispaniola into further numerous sub-blocks— that is, Jamaica, Hispaniola,
Puerto Rico, the Virgin Islands, and so on . . ." (Freeland and Dietz,
1971, p. 22).

Freeland and Dietz (1972, p. 156) later stated that

14

there need not have been a proto-Hispaniola, but simply a "line of com
pression along the entire northern margin of the Caribbean" from Jamaica
to Puerto Rico.

The line was lengthened by the arrival, at its western

end, of the northeastward-drifting proto-Cuba.
Khudoley and Meyerhoff (1971) present non-plate tectonic inter
pretations of the geological history of the Caribbean involving develop
ment of Paleozoic and Cretaceous-early Tertiary geosyttclines.

Meyefhoff

believes the geosynclines developed on essentially oceanic crust, while
Khudoley believes the crust of the Caribbean:Sea developed by "basification" of former continental crust.
Jamaica
The: geology of Jamaica is summarized, in Zans and others (1962)^
Robinson, Lewis and Cant (1970) and Wright (1974),. and is shown on the
Provisional Geologic Map of Jamaica (Geological Survey Department, 1958).
The principal geologic elements of. Jamaica are shown on Figure 1.

Cre

taceous andesitic volcanic, volcaniclastic, sedimentary and plutonic
rocks are exposed in a number of inliers throughout Jamaica.
Several volcanic centers can be recognized (Robinson and others, 1970).
Historically, rudist-bearing limestone beds within the volcanicsedimentary sequence have been important for correlations between the
isolated inliers.

The oldest dated rocks are Lower Cretaceous lime

stones of the Benbow Inlier (Robinson and others, 1970), but schists of
greenschist-blueschist and amphibolite facies exposed in the southern
foothills of the Blue Mountains may also be Lower Cretaceous (Robinson

15
and others, 1970; Lewis and others, 1973; Draper and others, 1976).
Plutonism, deformation, and local metamorphism took place in Late Cre
taceous time, culminating the sequence at the end of the Cretaceous.
Formation of the northwest-trending fault-bounded Wagwater
Trough, and probably also the Montpelier-Newmarket graben Zone, began at
this time, providing deposition sites for thick sections of PaleoceneC?)
to Lower Eocene clastic sediments derived from the Cretaceous yolcanicplutonic terrane, including conglomerates of the Wagwater Formation and
sandstones and shales of the Richmond Formation.

The Richmond Formation

in the Wagwater Trough shows the sedimentary features of turbidites
(Burke and Robinson, 1965; Cambray and Jung, 1970; Wright and Dickinson,
1971).

Andesitic to dacitic volcanics, the Newcastle Volcanic Forma

tion, are interbedded with the Wagwater and Richmond Formations in the
southern part of the Wagwater Belt.

Richmond sediments also occur along

the North Coast Belt and over most of eastern Jamaica (Robinson and
others, 1970).

Much of central and western Jamaica was still above sea

level at this time.
Marine transgression over central Jamaica at the end of the
Lower Eocene initiated deposition of the Yellow Limestone, which is fol
lowed by the White Limestone (Zans and others, 1962; Robinson and others,
1970).

The White Limestone Group, which underlies approximately two-

thirds of Jamaica, consists of a sequence of rather pure limestones of
Middle Eocene to Middle Miocene age (Wright and Robinson, 1974).

It is

divided into a deep-water chalky facies and several shallow-water
carbonate-bank facies (Versey, 1962; Wright, 1971).

In general, the
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various depositional facies of the White Limestone coincide with struc
tural elements, which were initiated in Late Cretaceous-early Tertiary
time (Figure 1).
Faulting and uplift of the island took place during the Miocene
and further deposition of carbonate and clastic sediments was confined
to the coastal areas; i.e.., the Coastal Group.

The Clarendon block of

central Jamaica is an anticlinal feature formed at this timey exposing
Cretaceous rocks of the Central Inlier in its core.

Major uplift of

the southern margin of the Blue Mountain block took place at the end of
the Pliocene (Wright, 1974).

Many of these fault systems are probably

active today (Robinson and others, 1970).

At present, central and west

ern Jamaica are undergoing southward tilting; that is, emergence along
the north coast and subsidence along the south coast (Wright, 1974).
Northeastern Jamaica
The Blue Mountain block is the largest inlier of Cretaceous
rocks on the island.

The north flank of the Blue Mountains has never

been thoroughly studied, and it is only recently that geologic research
has begun some inroads into, the region.

Rocks of Campanian and Mae-

strichtian ages probably comprise most of the area, and "turbidites are
prevalent and exceed 15,000 feet in thickness" (Robinson and others,
1970, p. 4).

In the Coopers Hill area, turbidites encountered in a

drill hole are succeeded by a sequence of andesitic volcanic breccias,
tuffs, flows, and minor limestone (Lessman, 1979).

A series of breccias,

conglomerates, andesites, and Maestrichtian Titanosarcolites-bearing
limestone beds in the Port Antonio-Berridale area (this report) and on
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the west side of the Rio Grande in the Windsor-John's Hall area
(Sawkins, 1869; Zans, 1953) to the south probably; forms the upper part
of the volcanic section.
valley is northwest.

The regional trend in the upper Rio Grande

The Windsor-John*s Hall limestone beds have been

traced only as far north as John’s Hall (J. Krijnen, personal communi
cation, 1974)* where they may be faulted against slightly' older (?) rocks
of the Coopers Hill area, which are in turn probably faulted against the
Port Antonio-Berridale section.
The volcanic sequence is overlain by sandstone and shale of the
Cretaceous Providence Formation and Tertiary Richmond Formation(?),
which occur along the east side of the upper Rio Grande valley and the
east side of the Port Antonio-Berridale area.

These rocks are in turn

succeeded to the east by the White Limestone, which forms the John Crow
Mountains.

A section of intervening Yellow Limestone or equivalent, has

been described by Robinson (1966) east of Port Antonio.
Several miles to the west, in the Chepstowe-Chelsea area, Cre
taceous volcaniclastic rocks intruded by the Swift River granodiorite
are succeeded northward by Chepstowe Limestone, Richmond Formation, and
White Limestone (J. Krijnen, personal communication, 1974).

These rocks

trend approximately east-west and abut against Cretaceous volcanic rocks
of the Coopers Hill area along a major north-south fault near Durham.

ROCK UNIT DESCRIPTIONS
Descriptions of all rock units in the study area are given in
this section.

Since most of the Cretaceous rocks have not been previ

ously mapped or described beyond passing references, unit descriptions
and contact relationships are given in some detail.

A new formation

name is proposed for the Cretaceous volcanic and volcariiclastic sequence
in the Port Antonio-Berridale area.

Reference should be made to Table 2

and to Figures 4, 5 and 6.
Annotto River Formation
"Annotto River Formation" is the name herein proposed for a se
quence of Late Cretaceous andesitic volcanic, volcaniclastic-and minor
chemical sedimentary rocks which underlie most of the map area.

Most of

the sequence can be observed in the drainage of and on ridge areas sur
rounding the Annotto River, a small north-flowing river which empties
into the West Harbour of Port Antonio.

The formation has been subdivided

into five members; formal member names are proposed for two flow units,
the Spring Bank and Bonnie View Andesite Members, and informal names are
employed for three volcaniclastic units, the Kew Green, Air Mount and
Boundbrook members.
Kew Green Member
A series of generally red-weathering volcanic wacke, sandstone,
siltstone, mudstone, conglomerate-breccia, tuff and a limestone bed
18

System

Stratigraphic Summary of the Port Antonio-Berrldale Area.
Series/Stage
Holocene

Rock Unit
Surficial
deposits

Lithology
Alluvium, beach deposits, land
fill, etc.

Pleistocene(?)
to Pllocene(?)

Older alluvial
conglomerate

Massive conglomerate (weath
ered), cobbles of volcanic and
sedimentary rocks in sandy
matrix.

H

1

IllIIIlliniumlllllllllllllll

/

Thickness
(feet)
0
-1o

Table 2.

Environment
of Deposition
Nonmarine to
shoreline

0-?

Nonmarine

Angular Unconformity /////////////////////////////////////

Upper to Mid
dle Miocene

Buff Bay
Formation

Tan to brown marl and calcareous >250
claystone with thin granular
limestone interbeds; contact
with White Limestone
gradational.

Deep marine

Middle Miocene
to Middle
Eocene

White Lime
stone Group

White dense splintery limestone
and white chalky limestone;
rubble zone and/or conglomerate
at base.

Shallow and
deep marine

300-600

//////////////////////////////// Angular Unconformity /////////////////////////////////////
Late Eocene
to
Paleocene(?)

Richmond
Formation(?)

Brown to tan calcareous and
noncalcareous mudstone and
shale, and thin interbeds of
calcareous sandstone, ferrugineous sandstone, and granular
limestone. Mudstone sometimes
organic. Basal part more
calcareous.

600

Shallow to
deep marine(?)

Table 2, continued.
System

Series/Stage
Late Eocene
to
Paleocene(?)

Rock Unit
Limestone and
breccia beds

Lithology
Thin white dense fine-grained
limestone bed with abundant
algal remains, gastropods, pelecypods, echinoid spines.
Slide(?) breccia beds composed
of volcanic, limestone, and
sandstone fragments.

Thickness
(feet)
0-5(?)

Environment
of Deposition

0-60

//////////////////////////////// Possible Unconformity //////////////////// 7//7////////////
Providence
Formation

Brown to tan rather uniform
sandstone to mudstone, conglom
eratic base, grain size de
creases upward.

100-300

Transgressive
marine

/////////////////////////// Possible Unconformity //////////////////////////
Upper

cn

i

Creta
ceous

Bonnie View
Andesite
Member

Red to light reddish-gray pyrox
ene (px) andesite, phenocrysts
of plagioclase, large euhedral
augite with excellent parting,
and possible orthopyroxene; tex
ture rather uniform.

Boundbrook
Member

Massive red to brown to gray
breccia-conglomerate, agglomer
ate, tuff, wacke, siltstonemudstone, one or more thin gray
limestone beds near base (Titanosarcolites), thin flows
(one with pillows), bedded grav
els at top; rapid facies

Maes,

0-400+

400(?)1,500

Shallow marine
or
nonmarine (?)

Shallow ma^rine, portions
possibly
nonmarine

Table 2, continued.
System

Series/Stage

Rock Unit

Maes.
_______

Spring Bank
Andesite
Member
Upper
Creta
ceous

Dark red to gray to black, some
times brown to tan, px andesite
flows, some flow breccia, and
minor intebbedded elastics;
phenocrysts of plagiocase and
augite — percentages and
sizes vary.

III

C/3

I

Llthology
changes. Px andesite predomi
nates, lesser amphibole ande
site and rare dacite fragments.

Thickness
(feet)

Environment
of Deposition

8001,500+

Probably
shallow marine

Dominantly Tectonic Contact ///

Air Mount
member

Massive gray to brown tuff brec 450 or
cia, lapilli tuff, and tuff;
more
fragments are of several colors
and two textural varieties of
px andesite; various rock types
grade into each other by
changes in proportion of frag
ments/matrix.

Probably
marine

Kew Green
member

Red and brown siltstone and mud >400
stone, conglomeratic wacke, and
tuff; limestone bed near top (520 ft thick). Percentage of
fragments increases lower in the
section, fragments all px
andesite.

Shallow marine

4aes.(?)
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occurs in an amphitheater-like drainage about 3/4 mile (1.2 km) north
east of Berridale (Figure 3).

The area is referred to locally as Kew

Green (erroneously labelled "New Green" on the Survey Department of
Jamaica topographic map, 1970).

The rocks, which are informally called

the Kew Green member in this report, are apparently the oldest portion
of the Annotto River Formation exposed in the mapped area.

Base of the

unit is not seen, and Kew Green rocks are overlain by the Air Mount
member.
The lower part of the Kew Green member consists of massive muddy
conglomerate-breccia. The conglomerates are composed of subrounded to
subangular fragments, generally about 1-2 in (25-50 mm) in diameter, of
dark porphyritic andesite in an abundant matrix of sand and dark red to
maroon silt and mud.

Most of the andesite fragments appear to be litho-

logically similar to the andesites which comprise the bulk of the An
notto River Formation, characterized by the Spring Bank Andesite Member.
The percentage of conglomerate fragments declines upward, and
the rocks become thick-bedded to massive red conglomeratic volcanic
wacke and sandstone, sandy siltstone and mudstone.

The finer-grained

material may be brown as well as red, and there are a few interbeds of
brown tuff and lapilli tuff which resemble the overlying Air Mount mem
ber.

Sand-size plagioclase grains weather to white clay while the re

mainder of the rock weathers to red clay and, in saprolite, the clastic
Kew Green rocks occasionally resemble fine-grained porphyritic andesite.
A specimen of red volcanic wacke (Figure 7) examined in thin
section contains angular to subangular sand- and pebble-size andesite
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METRIC 1

Figure 7.

Coarse-grained Wacke, Kew Green Member, Annotto River
Formation.
Scale is in centimeters.
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fragments and broken grains of calcitized plagioclase, chloritized py
roxene, and magnetit,e.

The andesite fragments contain phenocrysts of

calcitized plagioclase and, occasionally, chloritized clinopyroxene and
orthopyroxene. Groundmass textures range from very fine-grained to
fine-grained intergranular and, rarely, pilotaxitic.

The groundmass of

many fragments is opaque, .resulting from the presence of very finegrained iron oxides in what is probably deyitrifled glass.

The matrix

of the wacke consists of silt- and clay-size material and secondary min
erals including chlorite, calcite, and fibrous zeolite.
At least one bed of drak gray-brown to reddish-brown limestone
occurs near the top of the unit.
(1.5-6 m) thick.

The limestone is approximately 5-20 ft

Dark green-gray sandy limestone and fine-grained dark

gray to black argillaceous organic limestone yith some disseminated pyrite were seen in float, but not outcrop.

The limestone contains the

only fossils observed in the Kew Green member, which include radiolitid
rudists and one specimen of a large clam.

These could not be identified

by genus (N. F. Sohi and E. G. Kauffman, personal communication, 1974),
but similarity of the radiolitids to those in the Boundbrook member sug
gests a Late Cretaceous age, possibly Maestrichtian.
The Kew Green rocks dip north and northeast at low angles be
neath the Air Mount member.

They are cut off on the south by a fault,

and by intrusion of andesite and diorite dikes on the southwest; dips in
the limestone range up to vertical near the fault.

Thus, only a small

segment of the Kew Green member reaches the Berridale road.

Minimum

'

...
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thickness of the exposed portion of the Kew Green member is estimated as
400 ft (120 m).
Kew Green member rocks resemble volcaniclastic rocks of the
Boundbrook member described later in this report.
ences are:

The principal differ

1) the upper Kew Green rocks appear to display better bed

ding, 2) the fine-grained rocks and matrix.material of the
conglomefate-breccias of the Kew Green are somewhat better sorted, and
3) the stratigraphic sequence is different.

Lessman (1979) describes

purple or maroon muddy breccias which outcrop to the south of Kew Green
across the Rio Grande and across a large fault, which he calls the
Brookdale unit.

The Brookdale breccias contain thin andesite flows and

red siltstones.

It is considered likely that the Brookdale unit corre

lates with either the lower Kew Green or Boundbrook members of the Annotto River Formation of the Port Antonio-Betridale area.
The Kew Green rocks appear to be of mixed epiclastic-pyroclastic
origin.

They were probably derived from weathering and transport over

short distances of dark gray porphyritic andesite, either massive or
fragmental.

Pyroclastic material probably constitutes a considerable

percentage of the unit, especially in the beds of Air Mount-type brown
tuff.

The dominantly reddish color of the rocks indicates a high degree

of oxidation of the clastic material.

A number of authors, including

Hazel (1971), Perkins (1971), and Kauffman and Sohl (1974), have inter
preted the patchy rudist-bearing Cretaceous limestones of the Caribbean
area as of shallow-water marine origin.

Air Mount Member
The name "Air Mount member" is applied in this report to a unit
of massive indurated lapilli tuff, tuff breccia and tuff exposed on the
upper slopes of the western portion of Air Mount ridge, a 700 ft-(200 m)high northwest-trending ridge which lies north of the Rio Grande between
Fellowship and Berridale.

Although the name Air Mount is used bn the

topographic map (sheet .1240) only for the prominence at the west end of
the ridge, local residents commonly refer to the entire ridge as Air
Mount.

Due to structural complications, much of the lower part of the

ridge is also composed of Air Mount rocks (Figure 4).
The Air Mount member is composed of fragmental volcanic rock
Which grades from breccia to tuff
larger fragments.

by variation in the percentage of

As a very rough estimate, tuff-breccia makes up about

30-40% of the unit, lapilli tuff 40-50% and tuff about 20%.

The distri

bution of these rock types within the unit appears non-systernatic. '
The rock is normally greenish-^gray to brown in color, and usually weath
ers to tan or brown saprolite (Figures 8 and 9).
indurated and fairly resistant to erosion.

The Air Mount is well

On slightly weathered sur

faces in creek bottoms, the breccia has a dark knobby appearance, since
the breccia fragments stand out somewhat in relief.

However, the rock

usually breaks through both fragments and matrix, seldom breaking around
fragments.

Although individual exposures are generally of small dimen

sions, the Air Mount appears to be virtually completely massive; no
bedding was ever observed, with the exception of a small outcrop of Kew
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Figure 8.

Boulder of Fresh Tuff Breccia, Air Mount Member, Annotto
River Formation.

Figure 9.

Air Mount Member Saprolite.

.

Green-like siltstone and wacke on the north side of Air Mount.
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These

rocks appear to be interbedded with Air Mount tuff and lapilli tuff.
Fragments in the Air Mount member rocks are entirely andesitic
volcanics, but of various textures and colors.

Fragment size reaches up

to 1 ft (30 cm) or more in diameter, but the majority are less than
1.5-2 in (3.5-5 cm), and nearly all are less than 3-4 in (7.5-10 cm).
The fragments range from subrounded to angular;

•

Many lapilli-size frag-r

ments are angular; the larger fragments are generally more rounded.
Fragment colors are quite variable.

Most are gray to brownish-gray

with lesser numbers of dark gray, light gray, red-brown, and green.
Some fragments have a thin white altered rim (Figures 8 and 9) of unknown
composition.

Saprolite developed from Air Mount rocks is frequently a

striking mixture of tan, gray, brown, red, and green fragments in a tan
matrix (Figure 9).
The andesite which composes the fragments is porphyritic, with
plagioclase phenocrysts which vary considerably in size and abundance.
Large, 2-3 mm, plagioclase phenocrysts compose up to 40% of many frag
ments; other fragments have only a few small plagioclase phenocrysts.
The larger phenocrysts are usually blocky, but smaller ones are blocky
to lathy.

A few fragments contain long slender plagioclase phenocrysts.

Occasional augite phenocrysts occur in fragments with large plagioclases,
but generally pyroxene is not abundant.
fresh to calcitized and are often zoned.
chloritized.

Plagioclase phenocrysts are
Augite phenocrysts are partly

The groundmass of most fragments consists of fine-grained
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opaque material (Figure 10), which is probably devitrified glass con
taining very fine iron oxides.

Many fragments are amygdaloidal.

Promi

nent amygdules which are filled with soft, dark green to greenish-black
chloritic material are usually spherical and in the 0.5-2 mm size range.
Other amygdules contain calcite, chlorite, quartz, and zeolite.
The matrix of the breccia and lapilli tuff is composed of sandsize lithic and crystal grainsi lesser fine-grained unidentifiable ma
terial and secondary minerals including calcite, chlorite, and zeolite.
Air Mount rocks appear to contain significant amounts of dark red mud in
the tuff matrix near the trail junction east of Rural Hill.
The Air Mount and Kew Green units are largely confined to a
structurally isolated block referred to as the Air Mount block within
which the Air Mount member overlies north-dipping Kew Green rocks.

Air

Mount rocks which underlie a small area northwest of Fellowship, on the
east side of the fault which bounds the Air Mount block, may be overlain
by Spring Bank Andesite; however, insufficient work has been accomplished
in this area to determine whether the contact is depositional or struc
tural.

Gray tuff breccias and lapillis tones similar to, although some

what lighter in color than. Air Mount rocks occur beneath Spring Bank
Andesite in drill holes on hill 593.

The core section is highly faulted

and the relationship of the breccias to the andesite is uncertain.

Due

to the lack of continuous section, the thickness of the Air Mount member
is unknown, but an estimated minimum of 450 ft (140 m) occurs on Air
Mount ridge.
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Figure 10.

Photomicrograph of Lapilli Tuff, Air Mount Member, Annotto
River Formation.
Dark andesite fragments contain plagioclase phenocrysts in
a very fine-grained opaque groundmass. Matrix of the tuff
contains smaller andesite fragments, broken crystals of
feldspar and one clinopyroxene, and secondary minerals.
Uncrossed nicols, 50X.
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The Air Mount member is believed to be dominantly pyroclastic
in origin due to the probable original glassy nature of the andesite
fragments.

Color differences among fragments gives the impression of

great heterblithology of fragment composition, but texturally the ande
site fragments are of two basic types.

The dominant andesite contains

variable percentages of blocky to lathy plagipclase phenocrysts of vari
able size.

Identical textures and phenocryst size variations were ob

served within the overlying (?) Spring Bank Andesite.

A second andesite

type is represented by the rare, fragments with long slender plagioclase
phenocrysts.

Color variations among the fragments are likely caused by

differing oxidation states (Glover, 1971, Fig. 12b), which resulted
from differential oxidation of fragments during subaerial exposure.
Therefore, the rock is visualized as forming both by the reworking and
deposition in a probable marine environment of pyroclastic debric erupt
ed under subaerial conditions, and by primary deposition of contempo
raneous pyroclastic debris.
At present, there apparently are no known units outside the
Port Antonio-Berridale area which are directly correlative with the Air
Mount member.

It somewhat resembles the Orange Hill tuff breccia of the

Coopers Hill area (Lessman, 1979), although the units occur at different
stratigraphic lev61s.

In addition, the Orange Hill is more strongly in

durated, and there are color differences between the units.

Spring Bank Andesite Member
Dark red porphyritic andesite underlies much of the Spring Bank
ridge system southwest of Boundbrook, and makes up the eastern half of
Air Mount ridge in the Joe Hill area northwest of Fellowship.
The andesite is massive; flow-banding and flow top or bottom
structures are lacking.

There is, however, a small amount of interbed-r

ded volcaniclastic material, usually consisting of red muddy breccias
and occasional massive red siltstone and mudstone.

Phenocryst size in

the andesite is variable, and finer-grained areas probably represent
marginal areas of flows.

Based on such evidence, there appear to be at

least three major flow units within the andesite unit in the Spring
Bank area.

Cut slabs of several specimens of the andesite show a vague

fragmental texture which suggests the presence of flow breccias or in
cipient brecciation.
The fresh andesite is dark red to dark reddish-gray to dark gray
in color.

A dark brown very iron-stained variety is also known.

It is

often difficult to obtain a fresh surface on the brown variety, since it
breaks along numerous stained microfractures.
Blocky to elongate, subhedral to euhedral phenocrysts of plagloclase make up an average of about 20-30% of the rock (Figure 11).

Lo

cally phenocrysts: constitute up to 50% of the rock, or as little as less
than 1%.

Plagioclase generally occurs in phenocrysts about 1 mm in size

with an equal number of smaller but variable sized phenocrysts.

Pheno

crysts may reach 2-3 mm locally, and phenocryst size is often roughly
correlative with phenocryst content.

Plagioclase phenocrysts are
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Figure 11.

Photomicrograph of Spring Bank Andesite, Annotto River
Formation.
Large and small phenocrysts of plagioclase, partially
altered to carbonate; small crystals of pyroxene mostly
altered to chlorite. Matrix largely opaque. Note amygdules lined with unidentified light material and filled
with chlorite. Uncrossed nicols, SOX.
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commonly zoned and occasionally glomeroporphyritic. Approximate plagioclase compositions, as measured by the extinction angle technique in two
thin sections, are in the An^Q to A n ^ range— -labradorite.

Plagioclase

phenocrysts are often cloudy and somewhat indistinct, due to partial re
placement by calcite.

Some samples of the andesite tend to break around

the phenocrysts, making them difficult to distinguish from wackes.
Small- to modefate-size augite phenocrysts occur in much Of the
andesite, but large (2-4 mm) fresh euhedral augite phenocrysts occur
prominently in varieties containing coarse plagioclase and make up about
5-10% of the rock.

Pyroxene phenocrysts are commonly replaced by chlor-

ite or occasionally by hematite.

No orthopyroxenes were observed in the

Spring Bank flow rocks, but since phenocrysts of hypersthene occur in
fresh Spring Bank andesite dikes, it is likely that this mineral also
occurs in the flows.

Small magnetite octahedrons are usually abundant,

making up approximately 1-5% of the rock.
The groundmass of the andesite occasionally has a fine saccaroidal texture, imparted by fine-grained feldspar, magnetite, and pyrox
ene (?) . However, the groundmass is usually aphanitic to very
fine-grained with considerable opaque dust and secondary minerals in
cluding chlorite, carbonate, and fibrous zeolite.
material is probably devitrified glass.
quently amygdaloidal.

Some of the matrix

Spring Bank Andesite is fre

Soft, dark green to black chloritic material fills

cavities which may be lined with a thin layer of milky to pale green
substance.

Zeolite also occurs in amygdules.
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Andesite outcrops in creek bottoms vary from massive to regular
ly or irregularly jointed, although the most regular jointing is devel
oped in andesite dikes (see later section)„ Red iron oxide stain,
frequently occurs along and adjacent to joints.
Saprolite and soil developed from Spring Bank Andesite ranges
in color from red to dark red to red-gray to reddish-black, but in some
cases may be tan or brown.

Saprolite usually displays the texture and

phenocryst mineralogy more clearly than the fresh rock, due to the
white-weathering plagioclase and dark-weathering pyroxene phenocrysts.
Most of the presently known andesite dikes which occur in the
area are identified by outcrops of very hard, fresh andesite, while
most of the Spring Bank Andesite is hot nearly as fresh, even in creek
bottom outcrops or in drill core.

In hand specimen feldspar phenocrysts

are clouded and cleavage is obscured, and the matrix material is rela
tively soft.
ary minerals.

These effects are due to the greater abundance of second
It is concluded that this alteration is, at least in

part, the result of deuteric and eruptive processes in a probable sub
marine environment.

Some occurrences of the non-fresh andesite, how

ever, are known to be dikes, based on contact relationships.

Since the

non-fresh andesite of the dikes and of the flow units is virtually iden
tical, an unknown percentage of the Spring Bank unit may be of intrusive
origin.

Much of the andesite which occurs along the large fault systems

is believed to be intrusive.
i
The Spring Bank Andesite apparently overlies Air Mount member
pyroclastics at one location, although contact relationships are obscure.
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Elsewhere the andesite is faulted against the Air Mount with probable
intrusion of dikes along the faults.

The andesite is overlain by

volcaniclastic sediments and limestone.

The thickness of the andesite

unit is uncertain, but probably variables
ness is estimated at 800 ft (250 m).

Near Fellowship, the thick

In the Spring Bank area, the unit

is probably at least 1,500 ft (450 m) in thickness.
Andesite and Associated Rocks
of the Isleworth Area
Brown-weathering andesite and closely associated microdiorite
and fine-grained diorite underlie the southwestern portion of the study
area between Berridale and Big Spring.
on topographic map sheet 124C.

The area is labelled "Isleworth"

The Isleworth rocks are tentatively cor

related with the Spring Bank Andesite, but differ sufficiently to neces
sitate a separate map unit.

Structurally and lithblogically, the rocks

may belong with those of the Coopers Hill area southwest of the Rio
Grande.

Physiographically, the Isleworth area resembles a small dis

sected plateau, with ridge tops at a relatively constant elevation and
cut by steep-sided valleys.

The area is partially enclosed within a

bend of the Rio Grande.
Rocks of the Isleworth area are frequently pyritic and ate per1
I
meated with a dark brown iron oxide staining which makes it difficult
to differentiate lithologies.

However, some variation in rock types

and textures was recognized within the area.
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The more northerly portion of the area is underlain by rela
tively hard, fairly fresh andesite and associated coarser—grained
equivalents.

Compared with other andesites in the Port Antonio-Berridale

area, porphyiitic textures are less apparent in the Isleworth andesites.
Plagioclase phenocrysts are generally- less abundant, roughly 5-=25%, and
smaller, usually less than 1 mm, than in Spring Bank or Bonnie View
Andesites.

Matrix grain size grades upward from aphanitic to visible

in hand specimen, and the rock becomes microdiorite and fine-grained
diorite.

Pyroxene phenocrysts are usually confined to the coarser-

grained phases, and are usually replaced by secondary chlorite and mag
netite.

Matrix of the andesite is composed of fine plagioclase and

secondary minerals including calcite, chlorite, much of which is re
placing mafics, and minor hematite.

Fine disseminated and fracture-

controlled pyrite occurs commonly, and dark brown, pyrite-derived iron
stain is ubiquitous.

Saprolite developed from the andesite is red to

brown to whitish, and shows very little texture.

Due to the apparently

irregular distribution of and gradational relationships between the
andesite versus the diorite phases, as well as poor exposures and
iron-staining, it was not possible to map the andesite separately from
its coarse-grained equivalents.

Although andesite is volumetrieally

the most abundant rock in the area, the intimate relationship between
the phases suggests that many of the rocks in the northeastern Isleworth area, including much of the andesite, may be intrusive in origin.
Further discussion of the coarser-grained phases is deferred to the sec
tion of this report on intrusive rocks.
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The southern portion of the Isleworth area contains a greater,
porportion of more porphyritic andesites.

All rocks are strongly iron

stained, but saprolite exposures show abundant porphyritic andesite
with roughly 15-30% plagioclase phenocrysts and 0-5% pyroxene phenocrysts.

Bhenocryst grain size is normally about %-2 mm.

The porphy

ritic andesite strongly resembles the tan to brown weathering portions of
the Spring Bank Andesite.

Flow breccia and flow agglomerate are common

in the southern Isleworth area.

Subrounded to rounded fragments of por

phyritic andesite, usually about 2-5 in (5-13 cm) in diameter, are set
in a matrix of porphyritic andesite.

There is usually some variation

in the whathering color between fragments and matrix.
A relatively fresh greenish-gray andesite and andesite breccia
underlies the western half of a 300.ft (90 m) hill along the east bank
of the Rio Grande half way between Berridale and Big Spring.

Dissemi

nated pyrite comprises up to 1-2% of the rock.
Several east-west and northwest-southeast trending linear pyritic zones occur throughout the Isleworth area.
along faults.

Many of the zones are

Although there is no apparent faulting or sheafing visi

ble along many of the pyrite zones, their relationship to structural
features is highly probable.

Pyritic fault zones form the northern

and southern borders of the Isleworth area. . Pyrite zones and linear
topographic features which occur along or adjacent to the eastern margin
of the Isleworth area suggest the presence of structural elements along
the contact, although no faulting was observed.

Andesite and diorite
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dikes in Kew Green rocks to the southeast along the same trend indicate
that much of the eastern contact zone may contain intrusive rocks, pos
sibly along an older fault system.
Bouiidbrook Member
A generally north- to northeastr-dipping sequence of coarse to
fine volcaniciastic rocks with interbedded Titanosarcolites-beafing
limestones and thin pyroxene andesite flows occurs in an arc across
the northern and eastern parts of the Port Antonio-Berridale area.

For

convenience, this sequence of rocks is herein referred to informally as
the Boundbrook member, of the Annotto River Formation.

Good exposures

of the unit are in the middle portion of the Annotto River, locally
called Jungle Gully, and its tributaries; and north of Spring Bank;
i.e., the Boundbrook region.

A representative cross-section through

the unit may be seen along the middle one-third of the north-south por
tion of Spring Bank Road.
Limestone, and fine clastic beds within the Boundbrook apparently
pinch out toward the east, and the rocks assigned to the unit in the
eastern part of the Port Antonio-Berridale area consist almost entirely
of coarse volcanielastics.

The coarse elastics outcrop abundantly in

east-flowing tributaries to the large stream which meets the West Town
River at Breastworks; the stream was known to Barrett (1869a) as the
Pepperbush River.

Boundbrook member

rocks were deposited conformably

on Spring Bank Andesite and are, in part, overlain by the Bonnie View
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Andesite.

Andesite flows similar to both of the andesite members are

interbedded within the Boundbrook unit.

Both Boundbrook coarse volcani-

clastics and Bonnie View Andesite are overlain.by the Providence Forma
tion, possibly with unconformity.
Limestone and flow units within the Boundbrook were mapped
separately (Figure 4).

Despite the wide variation in rock types, all

volcaniclastic rocks, which comprise the bulk of the unit, are grouped
on the geologic map due to the difficulty of systematically mapping in
dividual lithologies.
shown on Figure 4.

Notations on specific points of interest are

Detailed descriptions of the various lithologies

are in the following sections.
Medium to Coarse Volcaniclastics. Coarse, poorly sorted frag
mental rocks predominate in the Boundbrook member (Figures 12 and 13).
Dark red, maroon, dark red-brown and brown, muddy, heterolithdlogic,
coarse to fine breccia-conglomerate is the most common lithology.

Col

ors of weathered breccia in soil and saprolite are usually similar, al
though shades of red are the most abundant.

The breccia is usually

massive but crude bedding is occasionally observed, especially in large
outcrops.

The rocks will notmally break both around and through

fragments.
The fragments range from angular to rounded, but the larger
clasts are normally subangular to subrounded.

Fragment: size usually

ranges from pea-size to 4 in (10 cm), although blocks up to 4 ft (1.2 m)
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Figure 12.

Fine Conglomerate-breccia, Boundbrook Member, Annotto River
Formation.
Note heterolithologic fragment composition; small white
chips are limestone.

Figure 13.

Conglomerate-breccia or Agglomerate Exposed in Road Bed,
Boundbrook Member, Annotto River Formation.
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were noted.

Fragments are of various shades and types of andesites.

The majority of the andesite fragments are of the Spring Bank type, dark
gray to black with blocky phenocrysts of plagioclase.

Other fragments

include light gray porphyritic andesite, aphanites which are usually
dark red to brown, greenish chloritized volcanics, and small rare speck
led white limestone chips..

A few clasts of light gray dacite with al

tered plagioclase and clear, rounded, embayed quaftz phenocrysts in a '
groundmass of granular plagioclase, altered amphibole(?), and magnetite'
were observed at two locations (Figure 4).

Plagioclase phenocrysts are

altered to carbonate and clay, the amphibole(?) to hematite.

The dacite

is a rare and unusual constituent in the Annotto River Formation.
Matrix material ranges downward from pea-size to sand, silt,
and mud.

The matrix material consists of lithic fragments of andesite,

broken angular feldspar grains, chloritized mafic and occasionally fresh
augite grains, magnetite, fines, and secondary minerals including hema
tite, chlorite, calcite, and zeolite.

By decrease in the size and per

centage of fragments, the breccias grade into coarse volcanic wacke and
muddy volcanic wacke, and probably into the red siltstone and mudstone
described in a following section.
Many of the reddish breccias of the Boundbrook member show sev
eral, of the characteristics of laharic breccias including general lack
of sorting, very poor or no bedding, heterolithologic fragment composi
tion including those in various stages of alteration, and some rounding
of large and small fragments (Fisher, 1960; Parsons, 1969).

Other
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breccia-conglomerates probably originated by reworking of pyroclastic
debris as well as by erosion of flows or lithified fragmentals. The
reddish breccias are regarded to be of mixed epiclastic and pyroclastic
origin.
A number of agglomerates composed of fragmented Spring Bank
Andesite were observed.

As discussed in a following section, the ag

glomerates probably formed by fragmentation of flow units..
Gray, greenish-gray and brownish-gray tuff, lapilli tuff, and
tuff breccia are .abundant in the lower and middle part of the Bound-'
brook member, particularly in the middle portions of the Annotto River
drainage.

The rock weathers gray or tan to grayish-brown.

Fragments

are of porphyritic andesite and reach up to several inches in diameter.
Shapes and textures of some fragments indicate that they .were originally
pumiceous.

The matrix is gray to light gray, and is composed dominantly

of angular to subangular sand-sized lithic fragments, feldspars, and
mafics.

There is less fine-grained material in the matrix of these

rocks than in the reddish breccia-conglomerates.
ly abundant as a secondary mineral.

Zeolite is occasional

Origin of the gray tuffs is con

sidered to be dominantly pyroclastic.
In the eastern Port Antoiiio-Berridale area the Boundbrook member
consists almost entirely of massive volcanic breccia.

The breccia is

usually red, but ranges from bright red to dark red to brown.
fragments are usually small and angular to subangular.

Breccia

The rock dif

fers somewhat from previously described red breccia-conglomerates in

color, angularity, size, and percentage of breccia fragments, and in
fragment composition.

Fragments may reach several inches in size, but

most are less than 2 in (5 cm). There is a rather continuous size gra
dation down from fragments to sand- and silt-sized grains.
red mud is present in the matrix.
around fragments.
the unit.

Considerable

The rock is fairly soft and breaks

Bedding is observed only in the upper portions of

Porphytitic andesite)df two basic types comprises virtually

all of the fragments.

Dark reddish-gray to black andesite with blocky

plagioclase phenocrysts and an opaque, originally glassy, groundmass is
one variety, and predominates in the lower part of the unit.

Light red

to light gray to flesh-colored andesite with hazy altered plagioclase
phenocrysts and small altered mafic phenocrysts in a felsic groundmass
apparently predominates in the upper part.

The groundmass of several

of the light fragments contains small black altered amphibole(?) need
les, but it is not clear whether all the light fragments are of this
type or whether most are pyroxene andesites.

The amphibole(?)-bearing

fragments are very likely related to the rare dacite fragments men
tioned above.

Because of the pinchout of limestone units eastward

and the predominance of coarser rocks and red colors, the red breccias
of the eastern Port Antonio-Berridale area are believed to have formed
shoreward from the limestones in a very shallow marine or subaerial
environment.

Lack of bedding, angularity of fragments, and glassy

nature of the dark fragments suggests that the rocks are primarily of
pyroclastic origin, with some possible reworking by epiclastic processes.

'
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The red breccias of the eastern Port Antonio-Berridale area
are overlain by, and probably grade into, bedded gravels of variable
thickness which are in turn overlain by the Providence Formation.

The

gravels occur abundantly in the drainage of the "Pepperbush River".
Fragments are subrounded to subangular and consist of well lithified
Bonnie View and Spring Bank Andesites,, including Spring Bank dike rock,
limestone, vein quartz, and fine-grained silica and coarse-grained cal
cine which are probably of vein origin.

The gravels are clearly of

epiclastic origin; i.e., epiclastic volcanic conglomerate and coarse
epiclastic volcanic sandstone, and mark the cessation of volcanic ac
tivity in the region.

Fine Volcaniclastics.

Fine-grained elastics are rather rare in

the Boundbrook sequence, but occasional beds of siltstone and mudstone
were observed.

Dark gray to dark red siltstone and mudstone sometimes

occur in association with, or grade along strike into, limestone units
in the lower part of the Boundbrook which are described in a following
section.

Dark red to maroon hematitic non-calcareous siltstone and

mudstone beds occur in the middle to upper portion of the Boundbrook
member.

These beds are usually thin, mostly about 6 in (15 cm), but

may reach up to several feet in thickness.

The rocks are poorly sorted,

consisting of red silt and clay and abundant sand-sized grains, usually
broken feldspars.
Three exposures of a thick, dark red siltstone and nodular
mudstone (to lapilli tuff) unit in the upper Boundbrook member in the
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Annotto River drainage (Figure 4), apparently from a single horizon,
contain abundant relatively large pumice clasts (Figures 14 and 15).
The pumice clasts are angular, equant to elongate, usually less than
1 cm in size and may compose up to 60% of the rock.

Elongate clasts

are aligned parallel to bedding, probably due to collapse of the frag
ments.

The clasts are composed of white to pink clay with small vague

outlines of probable former piagioclase phenocrysts and small fresh
magnetite octahedrons.

Similar pumice fragments containing hornblende

needles occur in a member of the Summerfield Formation of the Central
Inlier (Robinson and others, 1970; Porter and Robinson, 1974).

The

hornblende piagioclase andesites, with accessory pyroxene andesite and
quartz dacite, of the Summerfield Formation "mark a phase of volcanism
distinct from the Underlying Pre-Mdastrichtian volcanics which are
basalts and pyroxene andesites" (Robinson and others, 1970, p. 14).
The white pumice clasts in the Boundbrook member, as well as the
amphibole-bearing andesite fragments and the rare dacite fragments in
breccias described above, are considered to mark the same more felsic
phase of volcanism.

The pumice indicates contemporaneous or near-

contemporaneous volcanic eruptions (Fiske, 1969); however, the pumice
need not have been erupted at a nearby source.

Limestone.

•

Several thin discontinuous gray to brownish-gray

rudist-bearing limestone beds occur within the Boundbrook member, for
the most part west of the Annotto River., The limestones are relatively
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Figure 14.

Interbedded Maroon Mudstone, Siltstone and Pumice Lapilli
Tuff, Boundbrook Member, Annotto River Formation.
Note the alignment or flattening of most pumice fragments.
Scale is 6 in (15 cm) in length.

Figure 15.

Nodular Mudstone with Angular to Wispy Pumice Fragments,
Boundbrook Member, Annotto River Formation.
Scale is 6 in (15 cm) in length.
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resistant to erosion and are extremely useful as local marker units.
For this reason, they are shown separately on Figure 4.

The occurrence

of Cretaceous limestone in the area was previously noted by Sawkins
(1869, p. 68-69) and Barrett (1869a, pi 75-76).
The limestone ranges from compact to clean fine-grained lime
stone to argillaceous limestone and is often fossiliferous.

Dark red to

dark gray calcareous siltstone, wacke, mudstone, and breccia are some
times associated with the limestone.

Dark gray to black organic wacke

and siltstone with thin seams of coaly material occur in association
with argillaceous limestone near the mouth of the south fork of Big
Spring; pyrite occurs in patches up to 0.4 in (1 cm) in length probably
replacing organic fragments in these rocks.' Individual limestone beds
appear to thin laterally and to grade into calcareous siltstones arid
wackes.
A relatively persistent limestone bed occurs at or near the base
of the Boundbrook member.

The bed ranges from 0 to about 50 ft (0-15 m)

in thickness, but is usually 10-30 ft (3-9 m) thick.

It is best develi

oped between Spring Bank and the Annotto River, where it is probably
repeated by faulting (Figure 4).

The unit has been traced westward to

the Rio Grande; to the east of the Annotto River it thins and grades to
argillaceous sediments.

A correlative limestone unit in the upper An

no tto River drainage appears to grade southward to a sequence of 2-12
in (5-30 cm) thick limestones interbedded with elastics.
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Several other thin limestone beds occur in the Boundbrook member
higher in the section in the drainage west of Spring Bank Road.

Most of

the beds are believed to be distinct units, although structural compli
cations suggest that some repetition of units may occur.

The limestones

range from O-rlO ft (0-3 m) in thickness, and die out quickly to the
east. 'Westward they pass beneath the overlying White Limestone and do
not re-emerge from beneath the White Limestone in the Rio Grande Valley.
It appears, therefore, that most.of the limestones were deposited in a
local environment of very limited extent.
Fossils in the limestone beds include large numbers of radiolitid rudists, as well as the Maestrichtian rudist Titanosarcolltes
(Figure 16) and others.

Fossil identifications in the following dis

cussion are primarily by N. F. Sohl, U. S. Geological Survey, Washington,
D. C., and E. G. Kauffman, U. S. National Museum, Washington, D. C.
(personal communications, 1974), and by J. Krijnen of the Jamaica Mines
and Geology Division (personal communication, 1974).

Titanosarcolltes

is relatively common at certain locations in the lower limestone bed,
and occurs in at least one of the higher limestone beds; locations where
the fossil was seen are shown on Figure 4.

Radiolitids are very com

mon, and specific locations are not. shown on Figure 4.

Radiolitids

could not be positively identified by genus, but include a Thryastylon(?)
and a cluster of probable Biradiolites. A Distefanella(?) was found in
float in the Big Spring drainage.

The gastropod Trochacteon is common

in the more argillaceous limestone; locations are shown on Figure 4.
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Figure 16.

Titanosarcolites in Outcrop of Limestone, Boundbrook Member,
Annotto River Formation.
Scale is 6 in (15 cm) in length.

.
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Plicathula, a pelecypod, and corals were also collected from the main
belt of Boundbrook limestones, and the pelecypod Pholadomya occurs in
the correlative rocks of the upper Annotto River.
The age of the limestone is Maestrichtian, based on the presence
of the index fossil, Titanosarcplites, (Chubb, 1962a, 1966)»

The fossil

assemblage is also characteristic of the Maestrichtian (Chubb, 1971;
Kauffman and Sohl, 1974).

Presence of the rudist limestones in the

sequence indicates a shallow-water marine environment of deposition
(Hazel, 1971; Perkins, 1971; Kauffman and Sohl, 1974).

Andesite Flows. A number of occurrences of andesite have been
observed within the Boundbrook member.

Contact relations are rarely

exposed, and the mode of origin for most is unknown, but the existence
of at least one known'flow unit suggests that many of the andesite
occurrences are interbedded flows.

Occurrences of the hard, fresh

variety of andesite are assumed to be of intrusive origin.
the andesite is, in hand specimen,

Most of

identical in composition and tex

ture to the Spring Bank Andesite, although east of the Annotto River
some shows characteristics transitional between typical Spring Bank and
Bonnie View Andesites.
The upper contact of one flow unit which is approximately 20 ft
(6 m) in thickness is exposed along a stream bed about 400 ft (120 m)
east of the Annotto River.

The andesite;is usually massive, but at one

location pillows about 1-4 ft (0.6-1.2 m) in diameter occur near the
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top of the flow (Figure 17).
textures was not noted.

The presence of glassy rinds or amygdular

Dark red fine-grained material, mud and sand or

fine pyroclastic debris, fills the space between pillows.

Flow-top ma

terial, which averages about 2 ft (0.6 m) in thickness, consists of
subangular to rounded cobbles of andesite a few inches in diameter,
with abundant red mud and sand matrix.

The flow^top material is identi

cal to rocks interpreted to be agglomerates observed elsewhere within
the Boundbrook member.

,

Lateral, and Vertical Variations, Thickness, and Origin. The
Boundbrook member is characterized by relatively rapid facies changes,
and it was not found possible to trace any single stratigraphic unit or
rock type along the full outcrop length of the mefdber. "...
Finer-grained rock types within the Boundbrook are relatively
more abundant in the Spring Bank area, including wackes and siltstones
as well as several limestone beds, especially in the lower part of the
section where calcareous lithologies are common. It is suggested that
the area may have been an offshore shoal which received less coarse
volcanic detritus than adjacent areas.

Thickness of the Boundbrook

member in the Spring Bank area is approximately 1,200 ft (370 m).
Coarse volcaniclastics arid interbedded thin flows are more abun
dant in the.Annotto River area.

Pumice-rich siltstone-mudstone beds

are present in the upper half of the sequence.

The Boundbrook member

may be about 1,500 ft (450 m) thick in this area.
In the southeastern Port Antonio-Berridale area, the Boundbrook
is .composed almost entirely of coarse volcaniclastics.

The uppermost
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Figure 17.

Pillowed Andesite Flow, Boundbrook Member, Annotto River
Formation.

beds consist of reworked gravels which pass into the Providence Forma
tion.
300 m).

Here the thickness is estimated to be about 400-1,000 ft (120The coarse volcaniclastics may have originated adjacent to or

on a volcanic center which could have been either submarine or subaerial.
Particularly rapid facies changes must occur between the south
eastern coarse lithologies and the finer-^grained, bedded rocks in the
vicinity of hill 593 east of the Annotto River.

06incidentally, this

area is one of structural complexity, marking the intersection of northsouth and east-west fault trends.

Together .with evidence suggesting

contemporaneous faulting and volcanism, this indicates that tectonic
movements in the area may have exerted some control over volcanism,
paleotopography, and depositional environments.
Bonnie View Andesite Member
Red to light gray porphyritic pyroxene andesite overlies the
northeastern corner of the Port Antonio-Berridale area and is the up
permost member of the Annotto River Formation.

A prominent hill called

Bonnie View, also known as Richmond Hill, which overlooks Port Antonio
is composed of" the andesite, and the name Bonnie View Andesite Member
is proposed for the unit.

The andesite is apparently a variant of the

Spring Bank type of andesite, but the lithologic differences between
the units, as well as the relative strafigraphic positions, merit

a

separate name.
Outcrop extent of the Bonnie View Andesite is southward from
just behind Port Antonio through the "Waterworks" drainage, the stream
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with a reservoir in the northeastern map area, and beyond, including
numerous exposures along the road from Port Antonio to Breastworks.

A

small sliver occurs on the flanks of a hill north of Spring Bank.
Bonnie View Andesite overlies fine-grained clastic rocks of the
Boundbrook. member, although the contact was never seen in the field.
The lower contact is not well located within the "Waterworks” drainage,
The Bonnie View is overlain by the Providence Formation near the base
of Richmond Hill Road, but southward in the Breastworks area some
breccia-conglomerate and gravels of the Boundbrook member usually in
tervene between the Providence and Bonnie View.
pears to thin rapidly and disappear southward.

The andesite unit ap
The Bonnie View is

faulted against the Richmond Formation(?) along the northern border of
the area.

The andesite appears to be at least 400 ft (120 m) thick,

and possibly considerably more, at Bonnie View.

Since the unit is mas

sive, very little is known about structures within the area.

No intern-

bedded elastics were found, although there are a few zones of probable
flow breccia.

Brecciation is common near the top of the unit; breccias

were observed to grade rapidly upward into breccia-conglomerate of the
Boundbrook member or are overlain by Providence Formation.

Several out

crops along the Port Antonio to Breastworks Road consist of andesite
breccia; these are regarded as being near the top of the unit.
Fresh andesite is deep red to maroon.

Partially weathered an

desite and saprolite range from maroon to red to a bleached pinkishwhite color.

Brown-weathering Bonnie View is rather rare, usually

occurring in the lower part.

Plagioclase phenocrysts weather rapidly

to white clay.

Pyroxene is often fairly fresh in partially weathered

rock, but eventually weathers to a dark brown or dark red material.
Much of the subsurface Bonnie View Andesite may be quite fresh, espe
cially the upper part of the unit, as fresh andesite float is abundant
in several drainages. Some of the fresh andesite, however, may origi
nate from local intrusions.

.

The Bonnie View consists of. massive porphyritic pyroxene ande
site (Figure 18). , Subhedral to euhedral blocky phenocrysts of plagioclase make up about 25-45% of the rock.
and commonly glomeroporphyritic.

The phenocrysts are often zoned

Most plagioclase phenocrysts are 1-3

mm in size, but smaller phenocrysts of various sizes are present.

Py

roxene phenocrysts are almost always present and make up roughly 3-10%
of the rock.

Pyroxene phenocrysts are stubby to elongate, subhedral to

euhedral, and sometimes are glomeroporphyritic.

Most of the pyroxene

is fresh augite, but some pyroxene phenocrysts are altered, with mag
netite halos.

Most altered pyroxenes appear to be augite, but some

could be orthopyroxene.

Augite phenocrysts often reach lengths of 5-9

mm; the larger augites are usually euhedral and commonly show a promi
nent parting parallel to the length of the crystal, probably along a
twin plane.

Matrix of the andesite consists predominantly of fine- to

medium-grained plagioclase, with lesser augite and magnetite.

Second

ary material including opaques, mostly magnetite(?), and hematite is
ubiquitous but makes up a small percentage of the rock.

From extinc

tion angle measurements in one thin section, phenocryst plagioclase
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Figure 18.

Photomicrograph of Bonnie View Andesite, Annotto River
Formation.
Note large augite phenocryst and plagioclase phenocrysts
in groundmass of plagioclase, rounded augite and magnetite.
Uncrossed nicols, SOX.
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composition is sodic labradorite, with anorthite contents of 50-55% but
with considerable variation.

Groundmass plagioclase is calcic andesine
te

sine^^anorthite content 40-55%.
The Bonnie View Andesite is quite similar to the Spring Bank
Andesite, although sufficient differences exist to distinguish them in
the field.

Principal differences between the rock types and overall

unit characteristics are summarized as follows:
1. The Bonnie View is usually lighter in color with brighter shades
of red than the deeper red Spring Bank.
2.

Bonnie View Andesite is fresher.

3.. The Spring Bank is quite variable in terms of phenocryst size
and percentage, whereas the Bonnie View is relatively uniform.
Textures in the Bonnie View correspond to coarser-grained phases
of the Spring Bank.
4.

Pyroxene phenocrysts are better developed and more persistent
in the Bonnie View.

Bonnie View augite phenocrysts show the

characteristic prominent parting or cleavage.

The presence of

orthopyroxene has not been established in flow rocks of either
unit, but is considered very likely to occur in both.
5.

Spring Bank Andesite is commonly amygdular; no amygdules were
observed in the Bonnie View.

6.

No interflow volcaniclastics were, observed within the Bonnie
View.

7.

The relative positions within the stratigraphic sequence differ.
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Previous authors who have noted the porphyritic andesite immedi
ately south of Port Antonio believed it to be of intrusive origin.

These

include Sawkins (1869, p. 63), Trechmann (1927, Fig. 3; 1942, p. 175),
and Williams (1962, p. 62).
cent conglomerate.

Williams also reports metamorphism of adja

No intrusive contacts or contact metamorphic features

were observed during this study, although the relative freshness of some
of the andesite suggests that some of the rock could be of intrusive ori
gin.

However, Boundbrook member elastics and Providence Formation sedi

ments clearly overlie the Bonnie View in several exposures, and the lower
contact is strongly suggestive of stratigraphic control.

In addition, a

single intrusive mass the size of the Bonnie View mass would very likely
display considerable grain size variations.

Therefore, an origin as a

series of flows is indicated for the Bonnie View.

Feeder dikes or source

vents were not observed, although some of the andesite dikes mapped as
Spring Bank could, alternatively, be dikes related to the Bonnie View.
The highly oxidized condition of the Bonnie View, as well as
the general lack of brecciation, interflow material, fine-grained vari
eties and amygdules, indicates that Bonnie View flows could have been
erupted and deposited either under subaerial or submarine conditions.
.

-

1

■

Discussion
The Annptto River Formation is composed of a variety of rock
types, but the bulk of the formation consists of massive flows or debris
of pyroxene andesite, with accessory amphibole-bearing andesite and re
lated rocks.

The following paragraphs outline overall characteristics

of the unit including thickness, origin, age and correlation.
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The maximum total thickness of the Annotto River Formation is
at least 4,000 ft (1,200 m), and is likely considerably more, in a sec
tion through Kew Green, Spring Bank and Bonnie View.
formation is not seen.

The base of the

The Spring Bank, Boundbrook and Bonnie View mem

bers appear to thin to the southeast, and the overall thickness is 2,500
ft (760 m) or more in the Fellowship area, although control on attitudes
of the rocks in this area is very poor.
The formation is dominated by massive andesite flow rocks, pos
sibly constituting a volcanic center.

The associated clastic rocks and

limestone demonstrate that the formation was deposited largely in a
shallow-marine environment.

The depositional site was probably adjacent

to a volcanic island or islands, as shown by the variable oxidation
states of fragments in units such as the Air Mount and the abundance of
red clay which, according to Glover (1971, p. 54), "suggests derivation
from a deeply weathered subaerial source".

It is suggested that some

portions of the formation, mainly the Bonnie View Andesite and the south
eastern portion of the Boundbrook member, may in fact have been deposited
in a subaerial environment.
Much of the volcaniclastic debris of the Annotto River Formation
probably originated as pyroclastic fragments. Although agglomerate and
tuff units of primary pyroclastic origin are known within the unit, much
of the material was probably deposited as reworked elastics such as laharic breccias.

True epiclastic rocks, including the fine sediments

and bedded gravels of the Boundbrook member, are also known within the
unit.
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The fossil assemblage of limestone interbeds within the Boundbrook member proves them to be Maestrichtian in age, as is the overlying
Providence Formation (see following section)„ Lack of evidence suggest
ing any unconformities within the Anhotto River Formation, the fossil
assemblage of a limestone unit within the Kew Green member, and rock ::
types indicative of rapid deposition rates suggest that all of the Annotto River Formation exposed in the Port Antonio-Berridale area is
probably Maestrichtian in age.
The Annotto River Formation is correlated with very similar
rocks in the middle Rio Grande drainage described in the literature
(Sawkins, 1869; Barrett, 1869a; Trechmann, 1924b; Zans, 1953).

The

rocks include andesite, volcaniclastics and rudist limestone beds oc
curring in the area west of the Rio Grande near Moore Town approximately
5.5-7 mi (9-11 km) south of Port Antonio.
A description of the limestone interbeds is given by Trechmann
(1924b, p. 391):
Near Mooretown Cretaceous Limestones appear (as Sawkins indi-1
cates) as a series of more or less interrupted outcrops, follow
ing for about 2 miles the left side of the deep and very
picturesque valley of the Rio Grande, Several massive gray
limestone beds, reaching 40 feet in thickness occur and weather
into jagged outlines, exhibiting sections of various Radiolites,
Titaiiosarcolites, casts of Gasteropoda, and other fossils. The
beds dip at more or less steep angles, and are over and under
lain by a great series of conglomerates, feldspathic sandstones,
shales, etc., and are faulted and cut up and altered by igneous
dykes at various points along the line of section.
Chubb (1971) lists a number of rudists in the fossil assemblage of the
Rio Grande limestones.
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Andesite and volcaniclastics of the Moore Town area are de
scribed by Zans (1953, p. 118):
On the western side of the Rio Grande [are] beds of dark conglom
erate containing pebbles of andesite porphyry and gray Cretaceous
limestone . ... When the track reaches Dry River the conglomer
ate shows more intense metamorphism and becomes richer in pebbles
of andesitic porphyry. Above the ford, purplish andesitic por
phyry is exposed and the river-bed contains many big boulders of
this porphyry and the conglomerate. On the western bank, in a
more level terrain, there are outcrops of dark gray lavas and
volcanic tuff, which weather red and produce lateritic soil.
On page 119 he states;
Higher up at the waterfall of Over Spring, brecciated porphyry
and conglomerate reappear. It is in this zone of porphyry intru
sions, probably of late Cretaceous age, that the veins of pyrolusite occur . . . . The rock is cut by several faults and is
strongly crushed and sheared in places.
All authors apparently feel that most of the andesite is of intrusive
origin, although the occurrence of lavas is also noted by Barrett (1869a,
p. 74).

Zans’ geologic map (1953, facing p. 126) shows a large mass of

andesitic porphyry succeeded to the northeast by "conglomerate" with in
terbeds of Cretaceous limestone; the contact apparently parallels bedding
in the limestone.

The sequence is strongly reminiscent of the Spring

Bank Andesite and Boundbrook members of the Annotto River Formation.
According to Zans, the andesite and conglomerate are faulted against
schist to the southwest and younger shales to the northeast.
Barrett (1869a, p. 74) clearly correlated the limestone near
Moore Town with that near Port Antonio.

Weaver and Purzer (1971, Fig.

2) show a continuous band of Maestrichtian rock from the upper Rio
Grande to the Port Antonio area.

However, a continuous belt of Mae

strichtian rocks depends on such an age for the Brookdale breccia and
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other rocks of the Coopers Hill area (Lessman, 1979) or a continuous
I

belt of the Providence Formation.
Andesitic flows and volcaniclastics of the Coopers Hill area,
which overlie turbidite-type sediments and are believed, to be slightly
older than the Annotto River Formation (Lessman, 1979; this report), con
tain volcanic material compositionally not dissimilar from the Spring
Bank type andesite.

It is suggested that the Annotto River Formation

and correlative rocks of the Moore Town area comprise the upper portion
of a thicker andesitic volcanic accumulation of Upper Cretaceous age.
Limestones of the Annotto River Formation are also roughly cor
relative with other Titanosarcolites-bearing limestones of Jamaica and
the Caribbean region, including limestone of the Guinea Corn Formation
of the Central Inlier.

Volcaniclastics of the Boundbrook member are

correlated with the Summerfield Formation, which overlies the Guinea
Corn Formation, on the basis of white pumice-bearing siltstone-mudstone
beds, amphibole-bearing andesite fragments and rare dacite fragments at
certain locations within the Boundbrook (see previous section).

It is

concluded that while volcanic activity in the Central Inlier region and
other areas had evolved to more silicic compositions and some of the
debris reached the Port Antonio area, contemporaneous eruption of more
typical, more mafic pyroxene andesite continued in eastern Jamaica.
Andesitic eruptions in the Port Antonio area ceased soon after this time,
marked by the initiation of deposition of Providence Formation sediments.

Providence Formation
Beginning with the Providence Formation, the Cretaceous volcanic
and volcaniclastic rocks of the Port Antonio area are overlain by a se
quence of clastic and non-clastic sedimentary rocks.

The rock units have

been subdivided and named by previous workers. The Providence Formation,
which consists of calcareous sandstone, siltstone and mudstone, was orig
inally described and named from within the present study area.
Previous Work
Although the "type" locality of the Providence Formation is in
the vicinity of the hamlet of Providence in the east—central portion of
the map area (Figure 4), apparently no previous systematic mapping of
the unit has been done.

Previous work is confined to descriptions and

paleontologic studies.
First reference to rocks of the Providence Formation is by
Barrett (1896a, p. 78), who mentioned "not far from Port Antonio (Provi
dence) . . .

a thick bed of shaly clay, containing Hamites, Baculites,

Trigonla, and Pholadomya, therefore of cretaceous age".

Trechmann

(1922, 1923, 1924a, 1924b, 1927, 1942) made numerous references to the
"shales" at Providence or the "fossiliferous Trappean Series" (1924a,
p. 6), first applying the name "Providence shales" in 1927.

He shows a

section (1927, Fig. 3) composed from outcrops along the road from Port
Antonio to Providence.

However, this section is approximately parallel

to strike and probably contains some repetition of units.
Trechmann (1924b) regarded the collection of fossils, including
ammonites:he obtained from Providence rocks, as indicative of a
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Campanian age.

Spath (1925, p. 32) referred to one of the ammonites as

"Campanian or even, later".

Chubb (1955) first agreed with the Campanian

age, but later (1962a) revised the age to Maestrichtian.

However, Chubb

(1960, p. 87; 1962a, p. 7). apparently still considered the Providence to
be older than the Tltanosarcolites limestone of Moore Town.

Robinson

and others (1970, Fig. 4) and Wright (1974, p. 16) eventually placed
the Providence at the top of the Maestrichtian, younger than the Titanosarcolites limestone.
Zans (1953, p. 118) correlated "lithologically identical shales"
in the valley of the Rio Grande at Comfort Castle approximately 7.5 mi
(12 km) southeast of Providence with the Providence Formation.

Robinson

and others (1970, p. 6) referred turbidites at Bath in southeastern
Jamaica which overlie Campanian or early Maestrichtian volcanics and
volcaniclastics to the Providence Formation.

However, as noted below,

no turbidites were observed during this study in the Providence Forma
tion at Providence.

Although the rocks may be of similar age, direct

correlation of the Bath turbidites with the Providence Formation is
herein considered to be unlikely.
Description and Interpretations
The Providence Formation is well exposed in creek beds in and
around Providence.

The unit, as defined in this report, is cut off by

faulting to the south.

Northward it projects off the study area.

A

small sliver is exposed further north within Port Antonio.
The Providence Formation consists of calcareous sandstone near
the base, often with a basal conglomerate, which grades upward through

69
calcareous siltstone and mudstone over the entire width of the unit.
In outcrop the rock is well-bedded, but usually uniform, without interbedded material Of varying grain size.

When fresh, the rock is usually

gray in color, but it weathers to shades of brown.
The basal conglomerate of the Providence overlies both bedded
gravel and breccia of the Boundbrook member (Figure 19) and brecciated
andesite of the Bonnie View.Member of.the Annotto River Formation.

The

conglomerate usually ranges from 1-5 ft (0.3-1.5 m) in thickness and
contains numerous well-rounded cobbles 1-3 in (2.5-7.5 cm) in diameter
in a sandstone matrix.
atic sandstone.

The rock ranges from conglomerate to conglomer

The cobbles consist of an assemblage similar to that

of the underlying gravels, including fresh and non-fresh andesite, vein
quartz and vein(?) calcite.

Since all these rocks occur within the un

derlying Annotto River Formation, the cobbles in the conglomerate, as
well as the subjacent gravels, may be locally derived.
Most of the lower portion of the Providence Formation consists
of calcareous medium-grained sandstone, gray and fairly hard when fresh,
brown and friable when weathered.

Fracture surfaces in weathered sand

stone are frequently stained by brown and brange-brown iron oxides. The
sandstone is moderately well sorted and is cemented with calcite.

Sand

grains are predominantly plagioclase and magnetite with lesser pyroxene
and lithic fragments of andesite.

Shell fragments are abundant.

As

mentioned above, the sandstone is conglomeratic or becomes a sandy con
glomerate at the base; there may be one or two conglomeratic horizons
somewhat higher in the section as well.
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Figure 19.

Contact between Providence Formation and Boundbrook Member,
Annotto River Formation.
Basal conglomerate of the Providence Formation, which forms
the lip of the waterfall, overlies poorly bedded volcanic
breccia and is followed by sandstone.
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A pebbly limestone bed which reaches a maximum thickness of
about 10 ft (3 m) occurs approximately 15-25 ft (4.5-7.5 m) above the
base of the Providence over a local area extending about 1,000 ft (300
m) northeast from a point just upstream from Providence.
The sandstone grades upward to fine-grained sandstone to siltstone and finally to mudstone.
of the unit.

Mudstone makes up the upper 50% or more

All of the rocks are calcareous.

The fine-grained sedi

ments are brown to tan in color.

Soils developed from the fine-grained

rocks are brown and very clayey.

The mudstone is occasionally nodular

and sometimes weathers with black, organic (?) material on joint
surfaces.
The lower contact of the Providence Formation appears conform
able in outcrop, but is likely to be at least locally unconformable,
either at the base of the conglomerate or within the bedded gravels and
breccias beneath.

The upper contact of the Providence Formation is de

fined in this report as the appearance of a usually interbedded se
quence of sandstone and mudstone of the Richmond Formation(?).

The

contact is usually marked by a bed of limestone or breccia within the
Richmond (?).
field.

However, the actual contact was never observed in the

Since there are uncertainties in the correlation and age defi

nition of these rocks, as well as certain lithologies within the
Richmond (?) which resemble the Providence, it should be noted that
the location of the upper contact is an interpretation.

A further

discussion of the basal Richmond (?) units is contained in a following
section.
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Despite references by both Barrett (1869a) and Trechmann (1924b)
to the ”thick" Providence shales, the unit is evidently relatively thin.
The Providence appears to be about 200-300 ft (60-90 m) in thickness at
Providence, but the outcrop width has been increased substantially by
folding and faulting.

In the Breastworks area about % mi (0.8 km) to

the north, the unit has apparently thinned to about 100 ft (30 m).

The

rapid northward thinning suggests that the upper contact may, in fact,
be unconformable.

The contact was first thought to be conformable by

Trechmann (1924a, 1924b), but later he believed it to be unconformable
(1927).
No turbidite features were observed within the unit, nor were
any red shale horizons seen, although Trechmann (1927, Fig. 3) shows
red shales with ammonites along a road section.

However, Spath (1925,

p. 28) refers to the matrix of Trechmann Vs and Barrett’s fossil speci
mens as "brown calcareous sandstone”. During the present study, bright
red soils were occasionally observed in association with the basal
limestone or breccia of the Richmond Formation(?).
Fossil content of the Providence Formation indicates a Maestrichtian age (Chubb, 1962a; Robinson and others, 1970; Wright, 1974).
The ammonites obtained by Trechmann were from at least two beds (1927),
one of which he believed to be "rather low in the sequence” (1923, p.
345).

During the present study, fossils were observed at one locality

in a hillside road bed about 300 ft (90 m) west of Providence (Figure
4).

Fossils are abundant in the sandy matrix of the basal conglomerate

at this location.

The fossils were identified by N. F. Sohl and E. G.

Kauffman (personal communications, 1974) and include Brachidontes, a
Trigonid, a Pectinid, Turitella, a Naticid, numerous button corals,
and a rudist fragment— probably Antillocaprina— 3.5 in (9 cm) long
which was probably incorporated as a cobble.
The overall upward decrease in grain size of the clastic sedi
ments of the Providence Formation suggests that it probably originated
as a transgressive unit during subsidence and submergence of a volcanic
island or islands following cessation of volcanism.
Richmond Formation(?)
The lower Tertiary Richmond Formation, originally referred to
as the Carbonaceous Shale by Sawkins (1869), was named by Hill (1899)
the "Richmond Beds” for exposures in the Port Maria area.

A sequence

of interbedded mudstone-sandstone and mudstone-sandy limestone corre
lated with the Richmond Formation outcrops along the eastern edge, discontinuously near the northern edge and in the northwestern corner of
the Port Antonio-Berridale area (Figure 4).

Best exposures are along

the road between Breastworks and Fellowship.

The Richmond(?) and its

contact relations in the northwest part of the map area are very poorly
known due to extensive cover by vegetation and White Limestone debris.
The basal unit of the formation, as mapped along the eastern edge of
the study area, is a distinctive white algal limestone and/or a brec
cia which sometimes contains limestone clasts.

The top of the forma

tion is apparently not exposed in the area, and the overall thickness
is unknown, although at least 600 ft (180 m) is present.

Outcrops of

the Richmond Formation are often disturbed by numerous small faults
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and by folding.

The lithologies and correlation of the bulk of the unit

are discussed first below, followed by a discussion of the basal
limestone/breccia.
Description and Correlation
The Richmond Formation(?) consists of brown to dark brown mud
stone, which is usually calcareous, with numerous thin interbeds of cal
careous feldspathic sandstone, ferruginous sandstone, sandy limestone
and granular limestone.

The rock is typically well-bedded (Figure 20).

Mudstone beds usually range from an inch or two up to several feet (ap
proximately 3 cm to 2 m) in thickness.

The mudstone is sometimes nodu

lar or occasionally fissile, and often has black, organic(?), material
on parting surfaces.
Interbeds of coarser-grained material range in thickness from
about 0.25 inch up to 2 ft (0.6-60 cm), most commonly %-2 in (1.3-5 cm).
Most of the interbeds consist of calcareous medium-grained sandstone or,
occasionally, friable ferruginous sandstone.

The sand grains consist

of angular to subangular plagioclase with lesser magnetite, pyroxene
and other dark or reddish grains (Figure 21).

Close to the base and at

certain other points in the Richmond (?), particularly between the Annotto
River and Spring Bank Road, the interbeds are more calcareous, consist
ing of very tough, gritty medium-grained limestone or sandy limestone.
Dissolution of calcite occurs along the margins of these beds during
weathering, and as a result the beds often have brown margins and gray
centers.

Two thin beds near the base of the unit just west of the Port

75

Figure 20.

Interbedded Mudstone and Sandstone, Richmond Formation (?).
Location is along road east of Fellowship.
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Figure 21.

Photomicrograph of Sandstone Interbed from the Richmond
Formation(?).
Angular to subangular sand grains composed of plagioclase,
magnetite and pyroxene. Note thin magnetite lamina. Spec
imen is from the Boundbrook area. Uncrossed nicols, 50X.

77
Antonio-Fellowship Road, due east of Providence consist of small pebbles
of limestone and lesser volcanics in a calcite matrix.

A single 2 it

(60 cm) thick bed of white coquinoid limestone is exposed in a con
struction cut on the east side of the Port Antonio-Fellowship Road,
just south of the drainage divide between the West Town and Sandy Rivers.
No fossils from this bed could be immediately identified.
Portions of the Richmond (?) are without much interbedded mate
rial and consist almost entirely of mudstone.

Two mudstone horizons oc

cur within the sequence just north of Fellowship. These units are
difficult to distinguish from underlying Providence Formation
lithologies.
Graded bedding, sole marks, or other evidence indicative of
turbidite-type deposition were not observed in any of the rocks, al
though a systematic search for such features was not attempted.

Worm or

arthropod burrows (E. G. Kauffman, personal communication, 1974) were
seen on the base of at least one sandstone xnterbed, however. Laminar
concentrations of magnetite grains were noted within another 1.25 in
(3 cm) thick sandstone bed (Figure 21).
The Richmond Formation, at least that portion within the Wagwater Trough, is described in the literature as a flysch or largely
turbidite unit (Trechmann, 1924a; Burke and Robinson, 1965; Cambray and
Jung, 1970; Robinson and others, 1970; Wright and Dickinson, 1971;
Wright, 1974), although in at least one area the turbidites grade up
ward into "shallow marine, deltaic, and intertidal" facies (Holliday,
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1971, p. B313). Wright and Dickinson (1971, p. 110) suggest that the
Richmond represents Ma combination of prograding shelf deposits in shal
low water, partly slumped shelf-edge and slope deposits, and troughfloor turbidites in deep water.”
The presence or absence of the Richmond Formation or equivalents
in the Port Antonio-Rio. Grande region has been debated in the literature.
Trechmann (1924a, 1927, 1936) believed that the; rocks along the eastern
edge of the present study area are Richmond, and specifically identified
the rocks at, or just east of (?), Fellowship as Richmond beds, as well as
others near Breastworks and Providence (1960).

Chubb (1959) doubted the

presence of any Richmond Formation in this area.

Sohl (1967) confirmed

the presence of Tertiary fossils in Trechmann's collection from the up
per Rio Grande.

The rocks along the northern part of the Port Antonio—

Berridale area which are mapped as Richmond (?) were shown on Robinson's
geologic map (1969, Fig. 3) as "Cretaceous shales".

Sawkins (1869) and

Zans (1953) note Richmond Formation or "Eocene shales" which occur on
the east side of the upper Rio Grande and strike north to northwesterly
toward Port Antonio.
of lignite.

These beds include plant remains and thin seams

It is considered likely that the upper Rio Grande Richmond

is continuous with the Richmond (?) beds of the Port Antonio-Berridale
area.

A sequence of rocks in the Chepstowe-Chelsea-Durham area which

overlies volcaniclastics and the Chepstowe Limestone and strikes easter
ly toward the Port Antonio-Berridale area is referred to the Richmond
by J. Krijnen (personal communication, 1974) and is quite similar in
composition to the Richmond (?) of the study area.
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References to the presence of turbidites within the Richmond
Formation occurrences east of the Wagwater trough are hot common, though
Robinson and others (1970, p. 7) state that "North and south of the Blue
Mountain region the earliest exposed Tertiary sediments are turbidites
» • «»"

Since a) turbidity current flow was into the Wagwater Trough

from either Side (Gambray and Jung, 1970); b) the Richmond thins dra
matically northeast of the northeastern boundary fault of the Trough
(Holliday, 1971); and c.) there was probably a land area within the Blue
Mountains at the time (Robinson and others, 1970; Lewis and others,
1973), it is suggested that the Richmond Formation or equivalent age
rocks of the Rio Grande region were probably deposited in a separate
basin where turbidites need not necessarily have formed as significant
a portion of the formation.
i

■

The age of the Richmond Formation is presently considered to be
Lower Eocene or late Paleocene(?) to Lower Eocene (Robinson and others,
1970; Holliday, 1971).
In general agreement with Trechmann (1924a, 1927, 1936, 1960),
the interbedded mudstone-sandstone-limestone sequence of the Port
Antonio-Berridale area has, in this report, been referred to the Richmond
Formation.

The term "Richmond Formation(?)" is applied, since a) the"

age of these rocks in the Port Antonio area has not yet been adequately
demonstrated; b) contact relationships with the Providence Formation
and the basal unit of the Richmond (?) are poorly known (see following
section); and c) portions of the Providence Formation, or even the
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Yellow Limestone, may have been included in the areas mapped as Rich
mond (?), particularly in the northern part of the study area.
Basal Algal Limestone
and Breccia
The base of the Richmond Formation(?), as mapped in this study,
is marked either by a fine-grained algal limestone and beds of brecciaconglomerate consisting of fragments of andeslte, or by brecciaconglomerate beds containing a variety of rock types.

These units

occur in the easternmost portion of the map area, from Breastworks
south nearly to Fellowship, and are shown separately on Figure 4.
Large blocks up to several feet in diameter of hard, white algal
limestone scattered about the surface mark the limestone unit, which ex
tends from Breastworks to the Tom’s Hope Road junction.

However, the

unit was never seen in outcrop, and the highly variable abundance of
limestone blocks at the surface suggests that if the limestone is a
continuous bed, the thickness must be quite erratic.

The limestone is

usually white to slightly off-white in color, but can range to cream or
buff colors.

It is a clean, pure limestone, dense and hard.

Large num

bers of usually unrecognizable shell fragments are recrystallized to
clear sparry calcite, while the calcite matrix is very fine-grained.
Shell fragments stand out in relief on weathered surfaces.

Fragments of

corals, gastropods, and possibly some echinoid spines were observed, and
the rock contains abundant algal material (J. Krijnen, personal communi
cation, 1974).

No rudists were seen in the rock.
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A breccia-conglomerate consisting.of andesite clasts in a poorly
sorted matrix appears to be associated with" the limestone horizon in at
least two localities near Breastworks, and as two relatively thick units
just south of the Tom’s Hope Road junction.

In addition, bright red

clayey soil appears also to be associated with the limestone horizon
in at least two localities, one southwest of Breastworks and the other
southeast of Providence; the red soil zones may mark occurrences of the
red shales mentioned by Trechmann (1927).
The breccias which occur South of Tom’s Hope junction and south
of a prominent fault as well

consist predominantly of volcanic detritus,

but locally contain a variety of rock types.

Breccia outcrops in the

creek bed of the Sandy River, tributary consist of subrounded to angular
fragments bf dense white limestone similar to the algal limestone de
scribed above, andesitic volcanics and brown feldspathic sandstone simi
lar to Providence Formation sandstone (Figure 22).

The fragments

commonly range up to 1-2 ft (30-60 cm) in size, and some are larger.
Matrix material is not abundant, but apparently consists of brown mud
and sand.

The limestone-bearing breccia has a rather chaotic appearance.

Approximately 1,800 ft (550 m) north of Fellowship, two brecciaconglomerate horizons were mapped.

The lower unit often contains sub

rounded' to angular clasts of bright red siltstone and mudstone up to 6 in
(15 cm) in diameter in a red mud and sand matrix.

The upper unit con

tains rounded volcanic cobbles and angular fragments of tan to brown
mudstone in a red to brown matrix.
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Figure 22.

Limestone-bearing Breccia, Basal Richmond Formation (?).
Fragments of limestone, andesitic volcanics and brown sand
stone (left side of photograph). Note general lack of ma
trix material.

It appears that these unusual breccias were derived from pre
existing rocks up to and including Providence Formation, and that an
unconformable relationship probably exists between the lowest Richmond (?)
beds and the Providence Formation,

It is possible that the algal lime

stone unit and associated rocks to the north, which were not seen in
outcrop, could occur as a megabreccia rather than as normal sedimentary
rocks, although this seems unlikely at present.

In either case, the

presence of a limestone type in the Tom’s Hope junction breccias,unlike
limestones observed in older rocks, suggests that the breccias may be
derived in part from rocks of roughly contemporaneous age.
Conglomerate horizons have been recognized within the Richmond
Formation elsewhere in Jamaica by previous authors (Trechmann, 1924a;
Burke and Robinson, 1965; Reed, 1966; Robinson and others, 1970;
Holliday, 1971; Wright and Dickinson, 1971).

Many of these horizons are

interpreted to be slide conglomerates, i.e., "fluxioturbidites", pos
sibly related to contemporaneous tectonic activity (Robinson and others,
1970).

A similar origin for the breccias at the base of the Richmond

Formation(?) of the Port Antonio—Berridale area is considered to be
likely.
Trechmann (1923, 1924a, 1924b, 1927, 1942) made several brief
references to a limestone in the vicinity of Providence which is prob
ably the algal limestone described above, or to breccias with similar
limestone clasts further south in the Rio Grande drainage.

However,

since Trechmann believed that the Providence Formation was Campanian in
age, he often correlated the.rock with Cretaceous rudist limestones.
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Thus, in 1923 (p. 345) Trechmann mentions ammonite-bearing shales at
Providence which underlie "Rudist limestone."

Later (1924a, p. 6) he

stated "South of Providence in a roadside section the Carbonaceous
Shale [Richmond Formation] seemed to me to follow with conformable dip
upon a Cretaceous Rudist Limestone which here overlies the fossiliferous
Trappean Series [Providence Formation]." He further mentions (1924a,
p; 6) a conglomerate in the Richmond Formation at the junction of the
Rio Grande and Back Rio Grande which includes "masses of chert and vari
ous igneous rocks [and] rounded masses of whitish yellow limestone with
plates and spines of echinoderms and other fossils, such as [various
rolled rudist fragments]."

He notes (p. 6) another bed full of "white

and gray" limestone chips in the Richmond at Moore Town.

Trechmann

(1924b, p. 391) reported that the Providence Formation "passes gradually
up into a white compact limestone, which is quarried for road material.
This rock shows weathered surfaces, with many sections of branching cor
als, Gasteropods, including Actaeonellae, and traces of Radiblites, but
no well-preserved fossils."

In 1927 (p. 31) he reports the Richmond-

Providence contact as unconformable— Richmond shales resting at one
point on Providence shales and a short distance away on "Cretaceous
Rudist Limestone."

The "Rudist Limestone" is described (1927, Fig. 3)

as "hard white limestone with sections of Coralliochama, Radioljtes,
corals, bivalves, etc.”

Chubb (1959), however, found no rudists in

this limestone and believed it to be a part of the younger White Lime
stone, and further stated (p. 20) that "The presence of Richmond beds
in this area remains unproven."

.
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With reference to the presence of limestone fragments in Creta
ceous (or possibly Richmond?) conglomerates, Trechmaim (1942, p. 161)
remarks "Low down, however, there is in Eastern Jamaica a bed of algal
and foramfniferal limestone, without Rudistae, which was partly torn up
and incorporated as rolled pebbles in the conglomerate.

Some of these

pebbles contain Gamerina dickersoni Palmer, a foraminifer of Upper Crce
taceous age . . .."

He further notes (p. 175) porphyry near Port Antonio

and "Southward it is succeeded in ascending order by Cretaceous shales
and conglomerates.

Among these I found a disconnected layer of lime

stone, either pebbles or intermittent pieces of bed *in situV.

The

limestone is full of algae, foraminifera, and echinoderm ossicles; some
parts are white and pure . .

He reports that some of the limestone

contains magnetite and andesitic fragments, and lastly states (p. 176)
that, "Higher up come the Providence Shales . . .."
Despite some inconsistencies in Trechmann's descriptions, he
clearly saw the algal limestone and was probably uncertain as to its
exact mode of occurrence and relationship to the underlying Providence
Formation and overlying Richmond Formation^?) lithologies.
The thick Chepstowe Limestone of the Chepstowe-Chelsea-Durham
area occupies a somewhat similar stratigraphic position, lying between
Cretaceous volcaniclastics which are intruded by granodiorite and the
Richmond Formation, and is a dark, argillaceous algal limestone
(Robinson, 1962a; J. Krijnen, personal communication, 1974).

Robinson

(1962a) placed the Chepstowe in the Lower Eocene, but J. Krijnen
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(personal comunition, 1974) provisionally .considered it to be Paleocene(?) in age.

The algal limestone and/or. breccia horizon at the base

of the Richmond Formation(?) in the Port Antonio-Berridale area is ten
tatively correlated with the Chepstowe Limestone, and its age is believed
to be Paleocene(?)
It is recomended that additional geologic mapping, including
detailed mapping in the BfeaStwdrks-Proyidence-Fellowship area and ex
pansion of the mapped area to the east side of the West Town River, be
done to determine more fully the nature of the algal limestone and as
sociated rocks and the contact relations between the Providence and
Richmond(?) Formations.

White Limestone Group
Rocks of the Middle Eocene to Middle Miocene White Limestone
Group (Wright and Robinson, 1974) underlie approximately two-thirds of
Jamaica.

Limestone, dolomite, and chalk were deposited on or adjacent

to a carbonate platform which developed following Lower Eocene subsid
ence and marine transgression over the island (Wright, 1971).

The

White Limestone has been divided into a number of formations based on
lithology and paleontology (Hose and Versey, 1956; Versey, 1962; and
later authors).

Individual formations reflect depositional environ

ments which range from open-shelf to lagoonal to flanking or interven
ing deep-water facies (Versey, 1962; Robinson, 1966, 1967a; Wright,
1971; Wright and Robinson, 1974).
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The White Limestone outcrops in the northern and northwestern
portions of the map area, usually dipping at gentle angles to the north
and northeast, and overlaps older rocks with angular unconformity (this
study).

Both Eocene molluscan and foraminiferal rocks of probable

shallow-water origin and Miocene deeper water chalky limestone have pre
viously been recognized in the White Limestone of the Port AntonioBerridale area (Hose and Versey, 1956; Versey, 1962; Robinson, 1966,
1969; Jung, 1972).

The following section gives a description and corre

lation of the White Limestone of the study area, followed by a discussion
of the basal White Limestone and its contact relationship with older
rocks.

Description and Correlation
The lower part of the White Limestone of the Port AntonioBerridale area is composed of hard, splintery, white fine-grained lime
stone.

Locally the rock may be brown to tan.

A sugary textured

limestone, probably a calcarenite, was observed occasionally.
stone is massive to thick-bedded.

The lime

It is resistant to erosion, underlying

the upper portion of Shot Over and other ridges and forming several out
liers south of Shot Over and Spring Bank.

It forms steep-sided slopes

and often weathers to jagged shapes.
The base of the unit usually consists of rubbly limestone and
sometimes contains cobbles and large blocks of older rocks.
conglomerate was noted in one area.

A basal

Rocks correlated with the Yellow

Limestone which occur in nearby areas are missing beneath this contact.

•
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A further discussion, of the basal White Limestone is deferred to the
following section.
Corals were noted in the lower White Limestone sequence at sev
eral locations (Figure 4).

Brecciated White Limestone at Crab Point at

the west end of the West Harbour, comprising an upfaulted block, contains
abundant molds of molluscs and corals, as well as large foraminifera up
to % in (13 mm) in length.

Similar foraminifera were noted in float ad

jacent to a road west of Boundbrook (Figure 4).

The molluscan fauna at

Crab Point has been correlated with that of the Claremont Formation of
central Jamaica by Hose and Versey (1956), Versey (1962), Robinson (1966)
and provisionally by Jung (1972).

The age of the Claremont fauna is

considered to be Middle Eocene or possibly Upper Eocene (Jung, 1972).
The upper portion of the White Limestone of the Port AntonioBerridale area consists predominantly of white chalky limestone, which
grades upward to white chalk near the top.

The chalky limestone and

chalk are usually medium- to thick-bedded, occasionally massive, and the
bedding is quite even.

Chalk beds are often impure, containing a small

percentage of very small dark grains and clay.

By increase in the clay

content, the chalks grade upward into marls of the Buff Bay Formation.
The chalky limestone and chalk have been previously mapped by Robinson
(1969, Fig. 3) as the Montpelier Formation (including the Spring Garden
Member) of the White Limestone Group.

Age of the Montpelier Formation

is Lower and Middle Miocene (Robinson, 1967b, 1969).
Detailed mapping of the White Limestone Group of the Port Antonio
area and subdivision into formations based on lithOlogic and
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paleontologic data is beyond the scope of this report.

An attempt was

made, however, to separate the upper chalky facies from the lower hard,
splintery limestones.

Unfortunately, the results were not entirely

satisfactory due to the gradation between rock types, occasional interbedding of lithologies, and the difficult geometry of road grades which
roughly correspond to the dip angles.

Therefore, the unit is shown

only as White Limestone Group on Figure 4.

With a few exceptions, how

ever , the chalky facies corresponds well with the Montpelier Formation
as mapped by Robinson (1969, Fig. 3).

The older part of the White Lime

stone in the Port Antonio area; has been correlated with the Claremont
Formation (see above), and may also include rocks correlative with the
Bonny Gate Formation which forms much of the lower White Limestone on
the flanks of the Blue Mountains (Wright and Robinson, 1974, p. 46).
No unconformities were observed or inferred within the White
Limestone, although parts of the group are separated by widespread un
conformities elsewhere on the island (Hose and Versey, 1956; Wright,
1974).
The thickness of the White Limestone in the Port Antonio area
probably varies considerably due to the nature of the lower contact.
The thickness probably ranges from 300 to 600 ft (90 to .180 m), consid
erably less than the thousands of feet apparent in central Jamaica
(Wright and Robinson, 1974) and in western Portland (Robinson, 1966).
Sawkins (1869, p. 65) similarly estimated only 400 ft of White Lime
stone in the John Crow Mountains of northeastern Jamaica.
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On the basis of faunal and lithologic characteristics, the en
vironments of deposition for the White Limestone in the Port Antonio
area probably ranged from shallow^-water in the Middle Eocene (Claremont
fauna)

to deep-waterby the Lower and Middle Miocene (Montpelier Forma

tion) .

The presenceof shallow-water facies near the base of the unit

and absence of the older Yellow. Limestone (see following section) indi
cates that the area was either a local uplifted site, as suggested by
Robinson (1966), or that it was a part of the larger Middle to Upper
Eocene Blue Mountain Uplift of Robinson (1966, 1967a.) located to the
south.

Basal White Limestone
The base of the White Limestone, which is an angular unconform
ity within the study area, is of considerable interest due to the un
common occurrence of an unconformity at this stratigraphic position
and a missing sequence of Yellow Limestone or equivalent rocks which
occur in nearby areas between the Richmond Formation and the White
Limestone.
At its contact with older rocks, the White Limestone usually
consists of a rubble zone several feet thick (Figure 23).

The contact

was seen in outcrop only rarely and then was usually poorly exposed.
The rubble zone consists of angular to subround fragments of White
Limestone in a porous matrix which appears to consist of smaller lime
stone fragments and brownish impure calcite.
tle resemblance to a tectonic breccia.

The rubble zone bears lit
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Figure 23.

Contact between White Limestone and Boundbrook Member,
Annotto River Formation.
Hammer head is on contact. Note rubbly nature of limestone.
Location is on trail north of Spring Bank.
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The White Limestone overlies both Cretaceous rocks and Richmond
Formation(?), and apparently covers a major fault separating the two.
Cretaceous volcaniclastics which occur immediately beneath the limestone
rubble zone are often strongly weathered with little visible texture,
and may represent a fossil soil horizon.
A well-exposed conglomerate,unit occurs at the base of the White
Limestone in a drainage north of Spring Bank (Figure 24).

The conglom

erate is at least 10-20 ft (306 m) or more in thickness and consists
predominantly of pebble-size clasts of volcanics, volcaniclastics, tan
and brown mudstone and sandstone (probably Richmond Formation) and White
Limestone in a tan marl matrix.
occur.
aligned.
cation.

Large blocks of White Limestone also

Crude bedding is fairly common, and many fragments are partially
An inferred soil horizon in carbonate was observed at one lo
The conglomerate was observed to overlap an outcrop of Bonnie

View Andesite, and it underlies normal beds of White Limestone.
Occurrences of fragments of older rocks in the basal White Lime
stone were noted in other areas as well.

These range from small rounded

pebbles of volcanics and brown mudstone at two locations on Spring Bank
Road (Figure 4) to rare large boulders and slabs of Cretaceous Limestone
and andesite up to 10 ft in length embedded in White Limestone.

South-

.

east of Stony Hill two 3-4 ft (1 m) boulders of Cretaceous limestone
were noted resting on the surface of the ground in an area which is ap
parently underlain only by White Limestone, which suggests that several
other occurrences are likely.

In the same vicinity, Sawkins (1869, p.

68

)
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a.

Poorly bedded conglomerate with a thin interbed of limestone ex
posed in a creek bottom west of Boundbrook.

b.

Conglomerate with limestone and andesite fragments exposed on a
mountain west of Spring Bank Road.

Figure 24.

Basal Conglomerate, White Limestone.
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made a similar observation, noting "several erratic rocks of porphyry
lying on the surface of the limestone - 11
East of the Annotto River the lower contact of the White Lime
stone is not well defined, and may be modified by faulting.
Because of a) the restriction of the conglomerate at the base
of the White Limestone to limited areas, b) the appearance of the basal
contact trace west of the Annotto River, and c) the apparent thickness
variation of the limestone, it is suggested that there may have been
considerable relief on the pre-White Limestone surface.

Ridges of Cre

taceous Limestone, Spring Bank Andesite and Bonnie View Andesite prob
ably projected upward into the White Limestone beds.

At least one of

the present drainages may have been inherited from the pre-White Lime
stone topography.
The unconformity beneath the White Limestone of the Port Antonio
area is apparently anomalous with respect to most adjacent areas.

In

the Wagwater Belt, deposition of the Yellow Limestone followed the Rich
mond Formation and was in turn followed by the White Limestone; the con
tacts are apparently conformable (Versey, 1962; Robinson, 1964, 1967a;
Burke and Robinson, 1965).

A similar relationship is probable for areas

east of the Wagwater Belt (Versey, 1962; Robinson, 1966; Robinson and
others, 1970).

Rocks correlated with the Yellow Limestone have been

described from nearby areas (Trechmann, 1923; Robinson, 1962a, 1966).
Robinson and others (1970, p.

8

) state, "No regional unconformities are

present in the Lower and Middle Eocene sequence."

Therefore, the
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unconformity below the White Limestone in the Port Antonio area must be
regarded as a local feature, marking either an anomalously high area in
the Middle Eocene or an unstable local tectonic environment at the time.
The unconformity is also consistent with other data mentioned previously
including shallow-water facies in the lower part of the unit and the ap
parent thinning of the limestone,
A similar environment may have existed in the John Crow Mountains
southeast of the study area where the limestone is attenuated (Sawkins,
'

.

'

1869, p. 65), shelf facies occur in the lower part of the unit (Wright,
1974, p. 7), and a basal unconformity is reported by Zans (1953, p. 118):
"At the foot of the John Crow Mountains the whole of this Upper Creta
ceous and Lower Eocene series is overlain unconformably by the White
Limestone . .

Another,,apparently local, site where White Limestone

unconformably overlies Cretaceous rocks has been described at the Laz
aretto section southwest of Kingston by Chubb (1954).

Coastal Group-Buff Bay Formation
The Coastal Group of Jamaica, as defined by Robinson (1967b),
consists of several formations of Middle Miocene to Pleistocene age de
posited discontinuously along the coast during uplift of the island in
the upper Tertiary and Quaternary.

Lithologically the rocks differ from

the White Limestone by the presence of appreciable non-carbonate
material.
In the Port Antonio area, the group consists of the Buff Bay
and Bowden Formations and the lower Manchioneal Formation (Navy Island
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Member).

These rocks have been mapped in the Port Antonio Harbour area

by Robinson (1969); other descriptions of Coastal Group rocks at Port
Antonio are in Trechmann (1930) and Robinson (1958, 1962b, 1962c, 1967b).
Buff Bay Formation rocks at Port Antonio and elsewhere along the north
east coast have been previously referred to as the San San Clay
(Robinson, 1962b).
In northeastern Jamaica, the Buff Bay and Bowden Formations and
Navy Island Member of the Manchioneal Formation consist ..predominantly of
planktonic foraminiferal marls, and are succeeded by coral limestone
breccias and reef limestones (Manchioneal Formation and younger-'rocks)
(Robinson and others, 1970).

The Buff Bay Formation follows concor-

dantly on the White Limestone and is of Middle to Upper Miocene age,
and the overlying Bowden Formation is of Pliocene age; the two units
are overlain unconformably by the more localized Navy Island Member
which is early Pleistocene (Robinson, 1967b; Robinson and others, 1970;
Bold, 1971).

Bold (1971, p. 336) considers the Buff Bay Formation to

be of deep-water origin, similar to the Montpelier Formation of the
White Limestone.

He believes that the Bowden Formation is more of a

shelf deposit, and that the Manchioneal Formation is of shallow-water
origin with local deeper-water facies (Navy Island Member).
Within the Port Antonio-Berridale area gently dipping Buff Bay
Formation outcrops within a relatively small area south of Crab Point;
the area agrees reasonably well with that mapped by Robinson (1969).
The unit is well exposed along Lighthouse and Stony Hill Roads (Figure
25).
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Figure 25.

Calcareous Claystone with Thin Interbeds of Granular Lime
stone, Buff Bay Formation.
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The Buff Bay consists of tan to light brown marl and calcareous
claystone.

The lower Buff Bay consists of marl and is gradational to

the white chalk of the White Limestone (Spring Garden Member, Montpelier
Formation), although there is some coarse interbedding of lithologles.
Lithologic placement of the lower contact is subjective, but sufficient
clay content to give the rock a tan color was used as the criteria to
distinguish the lowest Buff Bay beds from the White Limestone.

A thin

bed of porous coralline limestone occurs near the base of the unit along
Spring Bank Road.

Clay content increases upward so that the upper por

tions of the exposed Buff Bay become brown calcareous claystone.

Most

of the claystone is relatively massive, but very thin interbeds of granu
lar limestone occur locally (Figure 25).

Rare pebbles and boulders of

andesitic volcanic rocks were observed within Buff Bay marls and claystones.

Small (1 mm or less) spherical fossils were noted at certain

locations.
The top of the Buff Bay unit is not seen within the study area,
but an estimated thickness of 250 ft (75 m) is present.

Since the

Bowden Formation along the east coast of Jamaica consists of rocks
"lithologically indistinguishable from those of the Buff Bay Formation"
(Robinson, 1967b, p. 36), it is possible that some of the higher claystone units may belong with the Bowden, although no Bowden Formation
was reported in this section by Robinson (1969).
According to Robinson (1969), the Bowden Formation and Navy
Island Member of the Manchioneal Formation outcrop on Navy Island and
Folly Point together with later raised coral, and the Navy Island Member
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underlies most of the Titchfield peninsula=

Brown marls and clays with

some interbedded sandy limestone of the Bowden Formation are overlain
unconformably by silty clay and marl and interbedded coral limestone,
clayey limestone and nodular marls and clays of the Navy Island Member
(Robinson, 1969).
east.

The rocks dip at gentle angles to the north and north

Navy Island, Titchfield peninsula and Folly Point were not mapped

during the present study, since the distinctions among the various units
require paleontologic studies which are beyond the scope of this report;
the reader is referred to the geologic map of Robinson (1969, Fig. 3).

Older Alluvial Conglomerate
A weathered massive conglomerate underlies the low bluffs,adja
cent to the Rio Grande at Berridale.

It occurs up to a height of

roughly 75 ft (23 m) above the present level of the river and is appar
ently being dissected by tributaries of the river.

The conglomerate is

completely weathered— all the outcrops observed consist of saprolite.
Contact relationships were not seen, but the rock appears to lap onto
Cretaceous andesitic rocks.

The outcrop pattern is strongly related to

the present course of the river, and the conglomerate is here interpret
ed to be an older alluvial deposit of the Rio Grande.

Similar deposits

have been described in Jamaica by Robinson (1962c).
The conglomerate consists of subangular to rounded cobbles of
Cretaceous volcanic and sedimentary rocks in a relatively clean sandy
matrix.

Andesite clasts predominate, but fragments of red volcanic

wacke and siltstone, quite similar to some of the Kew Green rocks, are
a common and distinctive constituent.

Unlike present day gravels along
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the Rio Grande, no fragments of. White Limestone were observed in the
conglomerate.
Massive gray clay outcrops at a few locations, and may repre
sent mud deposited behind gravel bars.

Similar back-bar muds occur

along the present river.
The age of the conglomerate is uncertain.

Despite the lack of

White Limestone fragments in the rock, there is no independent evidence
to suggest an ancestral pre-White Limestone river.

Derivation of the

material from Rio Grande tributaries draining areas underlain by Kew
Green or similar rocks on either side of the present river is more
likely.

The conglomerate could be either of Tertiary or Quaternary age.

Alternatively it could represent a non-alluvial Cretaceous deposit
whose outcrop pattern coincides with the pattern of the Rio Grande.

Surficlal Deposits
Various unconsolidated surficial deposits, all of presumed Holocene age, are grouped in this map unit.

The unit consists predominantly

of alluvium deposited along the Rio Grande, in other smaller streams
and at the coast.

Beach deposits and landfill material in the Port

Antonio Harbour area are also included.

Alluvium in some of the val

leys can only be roughly mapped, due to the weathering and vegetative
cover.
«

•

Intrusive Igneous Rocks
No plutonic rocks are known to occur in the Port Antonio—
Berridale area, but the Cretaceous volcanic—volcaniclastic section is
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intruded by a number of andesite and andesite-diorite dikes which are
probably coeval with the Cretaceous volcanic pile.

A swarm of felsite

dikes which cuts Cretaceous rocks in one area may be of Maestrichtian or
Lower Eocene age".

No intrusives were observed cutting rocks younger than

the Annotto River Formation.

Andesite and Andesitediorite Dikes
Andesitic dikes are widespread within the Annotto River Formation
(Figures 26 and 27), and are composed of material similar in composition
and texture to the andesite flows of this formation.

Although certain

characteristics often distinguish dike rock from other andesite, contact
relationships are rarely exposed and the similarity of compositions indi
cates that much more intrusive material is probably present than was
mapped.

Two types of andesitic material, which are probably closely re

lated, occur as dikes:

porphyritic andesite similar to the Spring Bank

and Bonnie View Members; and andesite, microdiorite and diorite of the
Isleworth type.

Since the distinctions between intrusive and extrusive

rocks are in many cases poor, dike rocks have been colored the same as
their extrusive equivalent on Figure

6

, but have been indicated by a

separate symbol.
Spring Bank Andesite dikes Occur as narrow to thick, linear to
irregularly-shaped bodies.

The andesite is reddish-gray to dark gray

to black in color, and is usually very hard and fresh.

Blocky euhedral

to subhedral plagioclase phenocrysts usually compose about 25% of the
rock (Figure 28).

Plagioclase phenocrysts are often zoned; some have a
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Figure 26.

Sheet-jointed Dike of Spring Bank Andesite.
Massive rock above jointed fresh dike rock is calcitized
andesite and may be altered wall rock or an altered border
phase of the dike. The dike rock has rare grains of native
copper. A shear which cuts the dike just out of the picture
is mineralized with disseminated and veinlet chalcocite.
Locations n-3 and s-6.

Figure 27.

Andesite Border Phase of a Thick Diorite Dike Intruding
Volcaniclastics of the Kew Green Member, Annotto River
Formation.
Hammer is on contact. Dike becomes diorite under cover
the right of the photograph.
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a.

Phenocrysts of plagioclase, magnetite, euhedral augite and hypersthene which is partially altered to serpentinous(?) material and
magnetite. Microlites are plagioclase; remaining groundmass is
mostly opaque. Uncrossed nicols, SOX.

b.

Augite phenocryst partly surrounds hypersthene phenocryst. Groundmass consists of fine-grained plagioclase, pyroxene and magnetite.
Uncrossed nicols, SOX.

Figure 28.

Photomicrographs of Spring Bank Andesite Dike Rocks.
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spongy core of secondary carbonate.

Some phenocrysts are poikilitic

and occur in a glomeroporphyritic habit.
usually make up about 0-5% of rock.

Euhedral pyroxene phenocrysts

Most of the pyroxene is augite, but

hypersthene partially altered to serpentineC?) is common.

In one in

stance, a hypersthene phenocryst occurs partially embedded within an
augite phenocryst (Figure 28b).
placed by secondary chlorite.

Pyroxene phenqcrysts are sometimes re
The groundmass consists of plagioclase

microlites and aphanitic to fine-grained material which, when visible,
consists of fine plagioclase, pyroxene, abundant magnetite, and minor
secondary minerals.

The groundmass sometimes has a pilotaxitic to tra-

chytic texture along the dike contacts.

Plagioclase phenocrysts are

labradorite, usually ranging from A n ^ to

microlites are andesine

to labradorite, usually A n ^ to An^^, but the range is rather large and
measurements are difficult.

The dikes are often amygdaloidal, especial

ly near contacts; the amygdule filling is usually chlorite or zeolite.
Flakes of native copper sometimes occur in association with amygdules
or with chloritic patches or pseudomorphs.
Dike rock is sometimes very fine-grained within a few inches of
the contacts, and the wall rocks may be slightly baked to a distance of
several inches.

Altered andesite 2-4 ft (60-120 cm) in thickness con

taining calcite in amygdules and calcitized plagioclase occurs either
as a dike border phase or as altered wall rock at one location (Figure
26).

The dikes are often regularly jointed, either perpendicular to

the contact (as in Figure 27) or parallel to it, in a zone adjacent to
the contact or in thin dikes (Figure 26).
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The distinction between fresh dike rock and non-fresh Spring
Bank Andesite is not just a surface phenomenon, since hard fresh andesite dike rock cuts non-fresh andesite at depths of several hundred feet
in drill core.

However, at one location approximately 2,700 ft (820 m)

northwest of Fellowship a dike of non-fresh andesite is exposed in a
creek bottom.

Aside from some prominent zeolite and native copper in a

portion of this rock, the andesite appears otherwise identical to most
of the extrusive Spring Bank Andesite.

It is suggested that a consider

able number of additional dikes probably occur within the sequence.

As

discussed in a following section, much of the andesite which occurs
along the large fault systems bordering the Air Mount block may also be
of intrusive origin.
No specific dike rocks were correlated with the Bonnie View
Andesite, although it is possible that Bonnie View intruslves may occur
among those mapped as Spring Bank Andesite, due to the similarity of the
two rock types.

Some of the very fresh occurrences of Bonnie View Ande

site, particularly in the Red Hassel area north of Breastworks, may be
intrusive.
In the Isleworth and Kew Green areas brown-weathering, gray to
greenish-gray, often pyritic, andesitic rocks of intrusive origin are
common.

The most prominent of these is a dike system along the western

side of the Kew Green area which extends northwest along the eastern
contact of the Isleworth area, and which was probably intruded along a
fault system (Figure 4).

.

One thick dike whose southwestern contact is

exposed (Figure 27) consists largely of fine-grained diorite.

The
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5-6 ft (1.5-1.8 m) adjacent to the contact, however, consist of
greenishr-gray porphyritic andesite jointed perpendicular to the contact.
The andesite is flow-banded within 1 in (2.5 cm) of the contact, and is
amygdaloidal for

1-2

ft (30-60 cm) adjacent to the contact— some amyg-

dules are aligned vertically.

The andesite border phase is macroscopic-

ally similar, except in color, to Spring Bank dike rock and supports a
link between the Isleworth and Spring Bank types.
Brown-weathering» pyritic, reasonably fresh andesite and closely
associated microdiorite and fine-grained diorite crop out widely in the
Isleworth area, particularly in the northern and eastern parts of the
area.

The diorite phases resemble the Kew Green dike diorite, but could

not be mapped separately from andesite.

The andesite has been described

in a previous section; a significant portion of this rock, particularly
along the boundaries of the Isleworth area, may occur as dike swarms
along or parallel to faults.
and porphyritic.

The diorites are generally fine-grained

Phenocrysts are plagioclase, augite, possibly ortho

pyroxene replaced by a reddish-brown chloritic substance,and magnetite.
The groundmass is an aggregate of plagioclase, augite, magnetite and
minor pyrite.

Secondary minerals include calcite and chlorite.

Both

phenocryst and groundmass plagioclase are calcic andesine to labradorite,
An -45 to Angg, based on only, a few extinction angle measurements." ■
Other andesitic rocks which are interpreted to occur as dikes
include green chloritic and pyritic andesite which occurs on the south
side of the Air Mount block, and iron oxide-stained fine-grained
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andesite with a few small plagioclase phenocrysts which is present
along the north-south fault bordering the east side of the Air Mount
block.
Although some portions of all of the andesite units in the Port
Antonio-Berridale area may have an intrusive origin* particularly the
fresher varieties and the andesites along larger fault systems, most of
the andesite of the region occurs in flow units.

Previous authors, how-?

ever, including Sawkins (1869), Trechmann (1927, 1942) and Williams
(1962), have regarded the majority of the andesite as intrusive.

Both

Sawkins and Williams described extensive metamorphic effects within the
country rocks adjacent to the andesite, here or elsewhere in Jamaica.
No large-scale contact metamorphic effects were seen in the course of
the present study, however.
Similarity of the intrusive andesite and andesite-diorite to
adjacent andesites indicates that the dikes are probably coeval with the
Cretaceous volcanic pile.

Spring Bank dikes are of Maestrichtian age;

those of the Isleworth area are probably of the same age, but may be
slightly older.

Some of the dikes may have acted as feeders for supra-

jacent flow units.

Felsite Dikes
A swarm of short, narrow dikes for which the field term "felsite"
was used occurs in the Spring Bank area, intruding Boundbrook member
rocks.

It is likely that several additional dikes besides those shown

on Figure 4 occur in the area.

The rock is hard and white and can be

mistaken for limestone on casual examination, particularly since several
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of the dikes outcrop very close to the White Limestone contact.

The

felsite was always observed to he hard and relatively unweathered; no
felsite saprolite was seen.
The felsite contains approximately 20-30% small (less than

%

mm)s often rather vague, plagioclase phenocrysts which are sometimes
converted to white clay(?).

Small rod- or needle-shaped crystals of

greenish altered amphibole, probably hornblende, usually about 1 mm
but up to 3 mm in length, make up about 5% of the rock, and are com
monly aligned.

In most specimens the amphibole has been completely

dissolved, leaving only iron oxide-spotted needle-like cavities in the
rock.

The groundmass consists almost entirely of fine-grained plagio

clase with accessory magnetite(?).

The rock is best termed a horn

blende (?) andesite, but the field term "felsite" was retained for
convenience.
Felsite dikes are usually only a few feet in thickness and nearvertical, and can be jointed perpendicular to the walls.

The dikes

quite commonly cut Cretaceous limestone beds, as well as clastic rocks
of the Boundbrook member.

Contact effects are relatively minor, con

sisting of a slight hardening and color change from red to tan in vol
canic wacke, and partial recrystallization of limestone so that it
contains patches of coarse white calcite.

Dark brown fine-grained

silica was found in float adjacent to one dike, suggesting that some
veining of siliceous material may be associated with the felsite.
Several large blocks of pale greenish-gray felsite which is
somewhat fresher than most of the other occurrences lie in the bed of

the Rio Grande near its east bank, downstream from the mouth of Big
Spring (Figure 4).

The blocks were probably part of a single large

landslide boulder which originated on the ridge to the northeast, not
far from the mapped felsite dikes.
Barrett (1869a, p. 75) has also mentioned dikes of "felstone
which

are locally abundant" in Portland Parish.

In the Coopers Hill

area Lessman (1979) notes white, weathered "dacite" dikes which carry
pyrite and arsenopyrite; these dikes may or may not be correlative with
the felsite.

Felsite dikes intrude serpentinite and schist in the Ness

Castle-Arntully area of the southern Blue Mountains (Robinson and others,
1970; Lewis and others, 1973).

Lewis and others dated one of these fel-

sites by K-Ar methods at 37 m.y., but suspected this to be an "anoma
lously young" date (p. 337), since they correlated the felsite with
granodiorite which they believe to be late Cretaceous in age.

On the

.contrary, T. Jackson (personal communication, 1974), of the Jamaica
Geological Survey, has indicated that the felsites may be associated
with the petrologically similar Newcastle Volcanics of Lower Eocene
age.
The felsites could, alternatively, be correlative with the simi
lar amphibole-bearing andesite and dacite which occur as fragments in
the Maestrichtian Boundbrook member of the Annotto River Formation (this
study) and with the Summerfield Formation of the Central Inlier.
correlation implies possible very local sources for some of the
amphibole-bearing fragments in the Boundbrook member.

Such a

The felsites of; the Port Antonio-Berridale area are regarded
in this report, as being either Maestrichtian or Lower Eocene in age
Based on a tentative correlation with the felsite dikes of the Ness
Castle-Amtully. area, a Lower Eocene age is more likely.

STRUCTURAL GEOLOGY
The geologic history of Jamaica is marked by continued structur
al instability (Chubb, 1962b) and the rocks of the Port AntonioBerridale area reflect the complexity of these events.
Regionally the Port Antonio-Berridale area constitutes a rela
tively small structural high, with Cretaceous rocks of the Blue Mountain
"Inlier" and Lower Eocene(?) rocks projecting to the coast, virtually
surrounded on three sides by White Limestone and younger rocks (Figure .
1).

In the south-central part of the area, an uplifted block, here re

ferred to as the Air Mount block, apparently constitutes the core of the
structure, north and east of which the Cretaceous units are draped in
antiformal fashion (Figure 4).

The date of origin of the structural

high may have been at any time since the deposition of the Annotto River
Formation.

Chubb (1962c) attributes northwest-southeast geanticlinal

folds in the Blue Mountains to the end of the Cretaceous.

However, the

apparently local unconformity at the base of the White Limestone within
the study area and the presence of at least one large fault of Lower to
Middle Eocene age. (see below) suggests that the principal development of
the area as an anomalously high block was in the Lower to Middle Eocene.
The dominant mode of deformation in the area appears to be fault
ing.

Many faults have been mapped, but large numbers of additional mi

nor faults and shears are present, particularly in the older rocks.

In

many cases small faults can be mapped in the well-bedded post-volcanic
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rocks which would never be .seen in the massive volcanic-volcaniclastic
units (Figure 29).
Folding appears to be of somewhat lesser significance, although
the massive character of many of the rocks undoubtedly prevents recog—
i
nition of many foldsi Fold structures along the eastern side of the
- ■

area cause repetition of the Providence Formation.

Small-scale fold

structures occur commonly in close association with faults within the
relatively soft mudstones and mudstone-sandstone units of the Providence
and especially the Richmond (?) Formations, and as drag folds along the
larger faults. A Cretaceous limestone unit in the upper Annotto River
■ '
.
'
■
'
has been affected by a number of small folds with amplitudes of a few
feet to a few tens of feet.
The principal fault directions are approximately north-south and
east-west, consistent with similar fault directions throughout Jamaica.
Most of the faults appear to be high-angle.

Slickensides exposed on

shear surfaces and, in one case, direction of drag folding indicate that
components of lateral slip may be significant on several faults.

Re

verse faulting is apparent at two locations along the eastern margin
of the study area.

There appear to be at least three ages of faulting

within the Port Antonio-Berridale area:
cene, and Plio-Pleistocene.

Cretaceous, Lower or Middle Eo

The number of faults and intensity of defor

mation within pre-White Limestone rocks indicate that most of the
faulting is of the earlier two ages.
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Figure 29.

Normal Fault with Small Displacement Offsetting Siltstone
and Pebbly Limestone of the Providence Formation.
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Most of the complex faults which bound the Air Mount block are
interpreted to have originated in the Cretaceous.

These include the

north-south trending fault along the east side of the block and the Big
Spring Fault, which is the m o r e northerly of the two or more faults that
bound the north side of the block, as well as a probable infrusivefracture system on the west side.

Along much of the length of both the

east side fault and the Big Spring Fault, the prominent shears and py- ritic shear zones occur entirely within Spring Bank Andesite, although
the faults mark the contact zone between the andesite and other units.
Occurrences of fresh Spring Bank "dike rock" are fairly common along or
adjacent to the Big Spring Fault, and it is suggested that much of the
other andesite along the faults may also be of intrusive origin.

The

faults are believed to have originated contemporaneously with the Cre
taceous volcanism and formed convenient sites for intrusion of dikes or
served as conduits for feeder dikes.

Continued movements along the

faults permitted additional intrusion, and the faults may have been re
activated at any time since.
The western boundary of the Air Mount block is a linear feature
marked for at least one-third, and probably all, of its length by intru
sion of andesite and andesite-diorite dikes.

Although no demonstrable

shears could be found along the contact zone, the similarity to the Big
Spring and east side fault environments and the presence of linear pyrite zones along or adjacent to the contact suggest that fracturing and
faulting probably preceded intrusion.

Many of the other faults in the

area which cut only Cretaceous rocks may be of Cretaceous age as well.
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The northern extent of Cretaceous rocks in the area is limited
by a large east-west trending fault bringing Richmond Formation(?) on
the. north down against the Cretaceous rocks (Figure 4).

The orientation

of a drag fold adjacent to the fault at one location implies a component
of right-lateral slip along the fault as well.

The lower contact of the

White Limestone tends to follow the fault trace,, and one possible inter
pretation is that the fault also cuts off the White Limestone.

However,

no evidence of faulting was. seen in the limestone while deformation and
shearing is often prominent in the older rocks.
appears to cover the trace of the fault.

The limestone in places

Furthermore the basal conglom

erate or conglomeratic facies of the limestone, as described previously,
is present at points along the contact, adjacent to both Cretaceous and
Lower Eocene(?) rocks, and indicates that the White Limestone contact
is depositional in nature along much of its length.

The age of the

fault, therefore, is restricted to the Lower to Middle Eocene.

It is

suggested that the fault may have exerted some control on the Middle
Eocene paleotopography.and influenced to some extent the depositional
environment of the lower White Limestone.

The contact between the

Richmond (?) and Annotto River Formations in the Rid Grande valley in the
northwestern part of the study area could be an extension of the fault,
but no evidence of faulting was observed and a depositional contact is
shown (Figure 4).

Exposures are very poor in the area, however.

Many

of the other faults in the area which cut rocks as young as the Richmond
Formation(?) may also be of Eocene age.

'
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A southeast-trending fault which offsets White Limestone and
Buff Bay Formation.on the southwest side of the hill at Crab Point is
of Pliocene or younger age.

The White Limestone at Crab Point is well

brecciated due to the proximity of this or other faults. .PlioPleistocene faulting is relatively widespread in Jamaica, and in the
eastern part of the island is associated with uplift of the Blue Moun
tain block (Robinson and others, 1970).
Although three different ages of faulting are present in the
study area, deformation either within the area or on a more regional
basis was probably not so discrete.

Penecontemporaneous deformation

has been postulated in association with deposition of the Richmond For
mation, Yellow Limestone, and White Limestone at certain locations else
where on the island (Robinson, 1967a; Cambray and Jung, 1970; Robinson
and others, 1970),.and Chubb (1962b, p.,49) remarks that "Earth move
ments have never ceased in Jamaica . .
On the south side of the study area the courses of the Rio
Grande between Fellowship and Berridale and the lower Sandy River are
probably determined by a large, buried west-northwest trending fault;
this fault is shown on the Provisional Geologic Map of Jamaica (Geolog
ical Survey Department, 1958).

A fault breccia containing fragments of

andesitic volcanics and brown sandstone just northwest of Fellowship,
and rotation of the strike of the Richmond(?) beds east of Fellowship^
as well as several subparallel faults and shears in the Berridale-Kew
Green area, are indications of the deformation along the Rio GrandeSandy River trend;
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The east-west trending Big Spring Fault system, of which the
Big Spring Fault is a part, is a complex zone which bounds the north
side of the Air Mount block.

The system appears to constitute a narrow

graben within which rocks correlated with the Boundbrook member of the
Annotto River Formation crop out.

In addition, as discussed above, the

Big Spring Fault appears to have been the locus of intrusion of andesite dikes during the Cretaceous.

The geometry of the rock units may

have been achieved by original south-side-down faulting along the Big
Spring Fault during and possibly after the Cretaceous, and later southside-up faulting along a more southerly alignment.

Reactivation of old

er faults or fault systems has been recognized elsewhere on Jamaica
(Chubb, 1962d; Robinson and others, 1970).
Several large outliers of White Limestone occur in the Big Spring
and Rio Grande valleys.

The largest covers an area of about 1,500 by

3,200 ft (450 by 975 m) in Big Spring.

The outliers often occur near

the bottoms of the valleys and usually dip into the valley.

Most of

the Big Spring outliers are aligned along the Big Spring Fault system.
In addition, there are areas in lower Big Spring and in the Rio Grande
valley where large quantities of White Limestone debris (cross-hatch
pattern on Figure 4) cover older rocks.

There is more limestone debris

present on these slopes than is normal as float below the limestone con
tact.

The location and skewed orientations of the outliers may be due

to their emplacement by a multiple system of high-angle faults.

This

hypothesis appears most plausible along the graben of the Big Spring
fault system.

However, little physical evidence of faulting was
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observed along the margins of the outliers 9 and it is considered more
likely that some or all of the outliers, as well as the debris slopes,
originated by landsliding of White Limestone blocks*

Trechmann (1922,

p. 429; 1923, p. 337) interpreted a similar origin for some large White
Limestone outliers, and Sawkins (1869, p= 65) referred to "Several large
blocks of limestone [which] lie in the river and on the alluvia » . „",
although he does not mention the size of the blocks„

Much of the lower

contact of the White Limestone within the Bio Grande Valley? as mapped,
may actually constitute the lower limit of abundant debris, rather than
the actual base of the unit.

At least one occurrence of Cretaceous

Limestone, the southernmost Cretaceous Limestone exposed in the upper
Annotto River drainage, could possibly share a similar origin to the
White Limestone outlier with which it is associated, although a fault
interpretation has been shown on Figure 4.
A roughly circular feature approximately 1,500-2,000 ft in diam
eter, which is visible on several aerial photographs, is located in the
central portion of the study area.

The photo anomaly is formed by ridges

trending southeast and southwest from hill 593 and by an east-flowing
tributary to the stream which flows to Breastworks.

The southern and

eastern portions of the feature are more ill-defined on the photographs.
Although the feature is located in an area with a large number of faults,
and is on the southeast side of the junction between the east-west Big
Spring Fault trend and the north-south fault trend, there does not ap
pear to be one single geologic feature or event which is responsible

120

for the circular shape.

Segments of several faults of various orienta

tions appear to control the topography which forms the feature.

The

upper contact of the Spring Bank Andesite crosses the anomaly relative
ly unaffected, except for small offsets.
Many of the fault and shear zones which cut Cretaceous volcanic^
volcaniclastic rocks, especially the Big Spring Fault and others around
the periphery of the Air Mount block and in the Isleworth area, are py—
ritic.

The pyrite often occurs over a fairly wide zone adjacent to the

structure.

Other linear pyritic zones were mapped which do not occur

along known faults; nevertheless, it is considered likely that these
zones are in fact related to linear fractures of some sort.

The pyrite

occurs disseminated in both sheared and unsheared andesitic rocks; in
some cases, the rock may be slightly silicified as well.

In most in-

stances, however, the pyrite is quickly weathered and the zones are
mapped by the distinctive yellow-brown, yellow, bleached white, and
bright red colors imparted to the rock, saprolite and soil.

Pyritic

and sericitic fault zones have been noted adjacent to the Ginger Ridge
stock in the Central Inlier of Jamaica (Porter, 1970; Hughes, 1973).
A large area underlain by pyritic rocks occurs west of the Rio Grande
at Bellevue south of the study area.

Altered fault zones with pyrite,

sericite, and other minerals of hydro thermal origin are common.-in Puerto
Rico (Pease, 1966; and others).

However, sericite was not observed

along any of the zones in the Port Antonio-Berridale area.
In certain areas, zeolite is quite common in fractured Creta
ceous andesitic rocks adjacent to faults and shears.

Zeolite also

-
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occurs as vein fillings, in amygdules, and as a fine-grained secondary
mineral in many Cretaceous volcanic-volcaniclastic rocks, occasionally
occurring in visible disseminations or patches.

The fracture-fill and

amygdule zeolite is usually a white to flesh-colored mineral which of
ten occurs in relatively coarse radiating aggregates.

Four specimens of

this fracture-fill zeolite were identified by x-ray diffraction methods
as laumontite, or its partial dehydration product, leonhardite (C.
Johnson, Washington State University, 1978; see also discussion in the
Mineralization section).

Coarse crystals of clinoptilollte occur on a

joint or cavity(?) wall at one location near Bonnie View.

No prehnite

or pumpellyite were observed in rocks in the area, but could easily have
been missed.

The relative abundance of laumontite in certain areas in

the Cretaceous volcanic section suggests local low-grade metamorphix
effects of the zeolite facies.

MINERALIZATION

Minor occurrences of copper mineralization, often with appre
ciable silver values, are Scattered throughout the area of outcrop of
the Cretaceous volcanic and volcaniclas tic section.

No mineralization

was noted in rocks younger than the Annotto River Formation.

Thirty-

nine occurrences were found, of which 24 are in outcrop; the remainder
are in float.

The locations are shown on Figure 4, and Appendix A gives

a short description of each occurrence.
Several varieties of mineralization could be distinguished and
are described below.

A discussion of similar occurrences elsewhere in

Jamaica and the Caribbean and an interpretation of the origin of the
mineralization in this area are given at the end of the chapter.

Native Copper
Disseminated grains of native copper are common, although not
abundant, in dikes of fresh red-gray to black Spring Bank Andesite.
Eleven occurrences of native copper were found in the area, eight of
these in outcrop.

In addition, two andesite dikes encountered in drill

holes contain minor native copper.

Native copper was not found in ande

site flows, except for one occurrence consisting of a few grains of cop
per in non-fresh andesite (Figure 4, location no. n6) which may be
either dike or flow.
The native copper in the andesite dikes occurs as small dissemi
nated flakes or grains, usually less than about 0.2 mm in diameter.
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Copper grains are usually located in zeolite- or chlorite-filled amygdules, or are associated with chlorite which occurs as replacements of
pyroxene phenocrysts and as interstitial patches.
along .microfractures in the andesite.

Copper may also occur

Aside from the presence of rela

tively minor chlorite, zeolite and.calcite in the andesite, the dike
rock is usually fresh and unaltered (Figure 28).
For the most part, the dikes contain very minor amounts of cop
per.

It may be necessary to break a number of rocks at any one locality

to obtain a surface with one to several grains of copper, and in the
same dike the metal may be found only in a. certain area or areas.

A

sample of fresh dike rock from location n4 containing visible native
copper, considered to be a typical sample, assayed 0.012% Cu (Table 3).
Limited assay data is available from Jamaica Exploration Co.,
Ltd., for unmineralized (background) samples of andesitic rocks from the
area (Figure 30).

The data includes 77 assays of drill core and 20 as

says of surface samples, including both weathered and fresh rock.
samples consist of both massive andesite and voIcaniclastics.

The

While the

data is somewhat imprecise due to the use of an assay method, average
values of 0.004% copper and 0.06 oz/ton silver are obtained.

It is con

cluded that andesite which carries minor disseminated native copper does
not constitute a significant concentration of copper above the normal
background values in unmineralized andesite.

Comparison of the data

with average copper and silver abundances in, mafic and other volcanic
rocks (Hawkes and Webb, 1962) indicates that the andesite of this region

Table 3. Assays of Mineralized Samples. —
Mineral
Au
Ag
Occurrence No.
(oz/ton)1
(oz/ton)
Native Copper
None
Trace
n4

From data supplied by Jamaica Exploration Co.,, Ltd.

Cu„
Other

Sample Description

0.012

Fresh dike rock with scattered
grains of native Cu, a "typical"
sample

nl

Trace

None

1.234

Non-fresh dike rock with abundant
native Cu, grab sample

nl

0.002

0.08

1.280

Non-fresh dike rock with abundant
native Cu, grab sample

si

0.18

0.17

Campbell trench— selected sample,
other description unknown

si

0,43

0.36

Campbell trench— selected sample,
other description unknown

0.945

Campbell tirench*— selected sample,
other description unknown

Quartz Veins

si
si

0.060

< 0.01

42.5

8.2

S i

si

11.2

0.26

2ri=l%

Campbell .trench’-— selected sample,
vein quartz with sulfides
Vicinity Campbell trench--selected
sample, vein quartz with cc, les
ser cv, cp^ bn%

0.48

Vicinity Campbell trench— 200 ft
from previous sample— selected
sample, vein quartz with si, cc,
lesser cv, gn, py, arg, native Ag2
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0,10

Table 3, continued.
Mineral
Occurrence No.
Quartz Veins
s3

Pyrite Zone
and Vein
—

Copper Carbonates
and Silicates
cl

c2

Au
„
Ag
(oz/ton)______ (oz/ton)^
0.22

ppm

3.6

Trace

None

Trace

None

0.010

0.015

ppm

Cu
(%)

Other

65,000
ppm

Johnson trench--high-grade sam
ple, other description unknown

, 0.006

Weathered, iron-stained andesite
(without visible fresh pyrite)
from a pyrite zone, grab sample

None

:Pyrite-ealcite vein material in
soil(?), near Tom’s Hope Road
junction

0.1

0.100

Mineralized Cretaceous limestonecomposite, sample consisting of
several chips of limestone, each
with a mal or az veinlet or
veinlets^

0.3

7.97

VgOc =

1.18%
Vicinity c3
Vicinity c3

Sample Description

0.28
<0.1

Providence trench— selected sampie, other description unknown

0.16

Nemhard trench— selected sample,
other description unknown

0.081

Nemhard trench— selected sample,
other description unknown
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Table 3, continued.
Mineral
Occurrence No*
Copper Carbonates
and Silicates
Vicinity c3

clO

Au
(oz/ton)-*-

Ag
(oz/ton)

<0.1

0.50

Cu
(7,)1

11.30

1.10

Other

Sample Description

Nemhard trench— selected sample,
other description unknown
Robinson trench— sample of andesite boulder with malachite re- '
placement of feldspar phenocrysts

^Units are in ounces per ton Au and Ag or in percent Cu unless otherwise shown.
Mineral abbreviations are listed in Appendix A.
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60-1

Average Surface
and
Core Sample =
0 .0 0 4 %

SO-

Average Surface Sample =
0 .0 9 o z./to n Ag
Average

Cu

Core

Sample =

0 .0 6 o z./to n
O v e ra ll

40-

Ag

Average Sam ple =
0 . 0 6 o z ./to n Ag

I

Total Samples
n = 97
Core Samples
n s 77

Surface Samples
n = 20
W /

0

0.006

0.0 1«

Cu

Figure 30.

0 016

Assay

0.026

(% )

0.037

0.060

0.1

Ag

0.2

Assay

0.3

0.4

(o z V to n )

The Distribution of Copper and Silver Assays of Unmineralized Andesitic Rocks
from Surface and Drill Core.
From data supplied by Jamaica Exploration Co., Ltd.
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does not contain abnormally high background values of copper, but may
have slightly anomalous silver values.
Native copper mineralization with significant grades was observed
in outcrop at only one location,(no. nl) during the present study.

Min

eralization occurs over a width of roughly 1-3 ft (0.3-1 m) and a length
of at least 10 ft (3m) along one contact of a non-fresh andesite dike
which outcrops in a creek bed at this location.

The copper occurs as

flakes up to and exceeding 1 mm in diameter disseminated in andesite and
in zeolite-filled fractures or cavities.

Two higher grade "grab" samples

assayed close to 1.25% copper (Table 3).

Secondary zeolite, chlorite

and carbonate occur in the dike rock, and only a cross-cutting contact
distinguishes it from Spring Bank flow rock.

The mineralization prob

ably originated as a contact-related phenomenon.
A small nugget of native copper measuring about 1 x 1.5 cm, found
in float in the upper part of a tributary to the stream which empties
into the Sandy River at Fellowship (no. nil), has an outside coating of
cuprite up to 1 mm thick and zeolite and malachite over much of the sur
face.

The nugget may have originated at a dike contact; alternatively

it could have come from a vein or veinlet of native copper, cuprite and
zeolite.
Native copper was previously reported in the Port AntonioBerridale area by Barrett (1869a) and Sawkins (1869).

Barrett (p. 77-78)

gives the following description:
A vein of red oxide of copper (cuprite) mingled with native cop
per, traverses an inclined series of sandstones and conglomer
ates, not far from Port Antonio (Providence). The sandstone is
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conformable with a thick bed of shaly clay containing Hamites.,
Baculites, Trigonia, and Pholadbmya [Providence Formation],
therefore of cretaceous age. The vein occupies the fissure,
caused by a small fault (having a throw of only 10 inches),
and it varies in thickness from one-quarter to three-quarters
of an inch, occasionally gray copper [chalcocite] replaces the
red oxide, but the native copper and red oxide occur in larger
quantities. A thin bed of conglomerate resting on sandstone
has its pebbles coated with carbonate of copper along a line
coincident with the strike of the beds. Porphyry is not seen
in immediate contact with the mineral vein, but its junction
with Sandstone is not far distant.
The location of this occurrence is not precisely known, nor is it cer
tain whether the country rock of the vein is Providence Formation or the
gravels and breccias immediately beneath the Providence.
Hoffman (1869), in an appendix to Sawkins' report, chemically
analyzed specimens of native copper submitted by Barrett, reporting, in
addition to copper, minor silver and, curiously, an amalgam of copper
and mercury.
Sawkins (1869, p. 69) reports other native copper occurrences
in the area:

"On the opposite side of Pepperbush River [from the Provi

dence mine, discussed below] there is a bed of sand and gravel in which
some native copper has been collected, together with some cupriferous
shales and sandstones . .

and "At Tower Hill [mine] similar deposits

have been found, and some few tons of copper ore have been sent there
from."

The exact mode of occurrence of the copper is not clear, nor is

it certain whether the "bed of sand and gravel" is a consolidated rock
or unconsolidated alluvium.
meant " . . .

Hughes (1973, p. 44) inferred that Sawkins

the gravels of the Pepperbush River . .

but Sawkins'

statement (1869, p. 69-70) that "The mode of occurrence is singular, and
strengthens the belief in the existence of that mineral [native copper]
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in rocks formed before the upper shales, sandstone, conglomerates, and
400 feet of white limestone," suggests that he may have seen a Creta
ceous conglomerate bed containing clasts of native copper or clasts min
eralized with native copper.

"Similar deposits" on Tower Hill, which

is underlain by volcaniclastics, support this conclusion.

During the

course of this study fragments of vein quartz, but no copper mineraliza
tion, were observed in gravels beneath the Providence Formation north of
Providence.

The exact locations of Sawkins1 two occurrences are not

known, although one small overgrown prospect pit was seen on Tower Hill
ridge.

Quartz Veins
Mineralized quartz veins occur at two locations 400 ft (120 m)
apart on hill 593 east of the Annotto River (location nos. si and s2)
and on a ridge top 1,100 ft (340 m) to the southeast (no. s3).

Two sam

ples of vein quartz with minor copper mineralization (nos. s4 and s5)
were found in stream float west of hill 593, and barren quartz veins .
occur elsewhere in the Port Antonio-Berridale area.
Both of the occurrences on hill 593 consist of several narrow
irregular quartz veins and stringers, individually not more than a few
inches in thickness, in zones up to several feet in width.

Both occur

rences are located just north of an east-west trending fault.

The host

rocks are andesite breccias which are commonly bleached to a gray or
greenish-gray color within a few inches of the veins.
plays vuggy open-spaee filling textures.

The quartz dis

Fragments of wall rock.
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usually bleached, and chloritized, occur in the vein material.

Trenching

/

had been conducted on one of the showings, the Campbell property (no.
si), but the trenches had since been backfilled and exposures are poor.
The Campbell occurrence is located near a contact with an overlying red
sandstone and siltstone unit.

The fractured and veined zone at the

Campbell trench trends roughly N850W.
Sulfides, predominantly chalcocite with lesser bornite, chalco—
pyrite and pyrite, are disseminated in the quartz and occur in irregular
patches, often in the centers of radial growths of quartz crystals.

The

largest mass of sulfide observed was only one centimeter in diameter,
but the presence of larger masses is likely.
present in vein float.

Bladed barite is also

A polished section of sulfide-rich vein quartz,

collected in the vicinity of the Campbell trench and examined by a com
mercial laboratory, contains blocky patches of sphalerite which is par
tially replaced by chalcocite that is in turn partially altered to
covellite.

Pyrite and galena grains are scattered in the quartz, and

some galena is intergrown with the chalcocite.

Minute patches of argen-

tite occur in the chalcocite, and specks of native silver occur in the
quartz and, associated with non-sulfide grains, in the chalcocite.

A

greenish-yellow stain on some of the quartz was identified as vesigneite,
a barium copper vanadate, by a commercial laboratory.

Six selected sam

ples of mineralized vein material from the Campbell trench area were
assayed (Table 3), but hand specimen descriptions of each are not avail
able.

Copper values are all less than 1%, but three samples assay at

8 .2, 11.2 and 42.5 oz/ton silver, respectively.
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Mineralization exposed during trenching on the Johnson property
southeast of hill 593 (no. s3) is described by D. G. Bryant (written
conmunication, 1972) as follows:

, the Johnson property . . . con

sisted of numerous intensely weathered boulders of siliceous material
with cores of disseminated chalcocite and envelopes of malachite.

Also,

fragments of andesite with extensive replacement especially of the feld
spars by malachite and other copper minerals [are present}. Fragments
of leached vein quartz material also occur."
noted in the Johnson trench material as well.

Copper silicates have been
A selected sample of un

known mineralogy from the trench showed 65,000 ppm copper (approximately
6.5%, Table 3).

Bryant states further that "After extensive trenching

and searching for its source, this material was determined to be a high
grade dump, possibly from mining operations reported as being done dur
ing the I860’s.

A portion of the actual tunnel from which copper miner

alization was extracted was exposed during trenching.

The strike

of the tunnel was S.40°W. . . ..V

Zeolite Veins and Fracture Fillings
Zeoliter-filled pockets, fractures, veins and faults are wide
spread within the volcanic and volcaniclastic rocks of the Annotto
River Formation, particularly in the Spring Bank Andesite and Boundbrook
members.

The rock adjacent to some fault zones is pervaded by innumer

able small irregular zeolite-filled fractures.
The zeolite is usually white or cream colored, but occasionally
shows pinkish or flesh colors.

It commonly occurs in radiating
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aggregates or as fibrous growths oriented perpendicular to the walls of
the fracture.

Four specimens of the fracture-fill and vein zeolite were

identified as laumontite or its partial dehydration.product, leonhardite,
using x-ray diffraction methods (C. Johnson, personal communication,
1978).

Another zeolite mineral which occurs as coarse crystals on a

joint or cavity(7) wall at one location near Bonnie View, in Bonnie View
Andesite, was identified as clinoptilolite.
Copper sulfides or malachite occur in association with zeolite
at nine locations; five of these occurrences are in outcrop and four are
in float.

Five of the occurrences are quite minor, consisting only of

a few chalcocite or chalcocite and bornite(?) grains, or minor malachite
and possibly chrysocolla, in irregular zeolite-filled fractures.
Irregular veins or veinlets of chalcocite, chalcocite-bornite,
and bornite-chalcopyrite, with some replacement by secondary chalcocite.
and covellite, were noted both in float and outcrop.

The largest of

these is a boulder about 6 in (15 cm) in length, consisting of massive
coarse-grained chalcocite with a band of zeolite and remnants of ande—
site wall rock along one side (no. slO).

The rock was embedded in allu

vium, but showed evidence of having been in a fire and may have been
transported from another site.

Boulders of zeolitized andesite contain

ing veins and veinlets of chalcocite (Figure 31) and veinlets of bornite with cores of chalcopyrite occur at another location (no. s9).
Of the more significant copper occurrences associated with zeo
lite, only one is known from outcrop (location no. s6).

Small masses

of coarse-grained chalcocite, zeolite veinlets and brecciated zones ,
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Figure 31.

Narrow Vein of Chalcocite in Zeolitized Spring Bank
Andesite.
Gangue material in vein is zeolite.

Scale is in centimeters.
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filled with zeolite,.calcite and disseminated chalcocite occur within
the shear zone of a small fault which cuts andesite at this location.
The dimensions of the largest chalcocite mass seen were approximately
1 x 1.5 x 2.5 in (2.5 x 4 x 6.5 cm).

A thin andesite dike which con

tains a few grains of native copper (no. n3 and Figure 26) is offset
approximately
ized outcrop.

10

ft by the fault, immediately adjacent to the mineral

This suggests a possible genetic relationship between

the copper sulfides in the shear and the probably older free copper
within the dike.
No epidote was noted in association with mineralized or unmin/'

eralized zeolite veins or fracture fillings, unlike the zeolite veins
in the Coopers Hill area (Lessman, 1979).

Neither prehnite nor pumpel-

lyite were identified in any rocks of the area, although if present,
these minerals could easily have been overlooked.

Pyrite Zones and
Pyritic Fault Zones
Several pyritic fault zones and linear pyrite zones, usually
weathered, occur in the area (see Structural Geology chapter).

No copper

mineralization was noted, except at one location (no. sl2 ) where minor
chalcopyrite is disseminated and in small fractures in a pyritic shear
zone.

The pyrite occurs largely as disseminated crystals in the sheared

rock.
Two samples of pyritic rock from other locations were assayed by
Jamaica Exploration Co., Ltd.; neither showed significant copper, sil
ver or gold (Table 3).
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Sericite or other indications of hydrothermal alteration, other
than pyrite, were not seen along the pyrite zones, unlike similar zones
which host porphyry-type copper mineralization in the Bellas GateConnors area near the Ginger Ridge stock in central Jamaica (Porter,
1970; Hughes, 1973) and in Puerto Rico (Pease, 1960, 1966; and others).
The abundant pyrite in the linear zones is in marked contrast
to its relative scarcity and the abundance of low-iron sulfides in the
vein copper mineralization.

In a discussion of the copper veins of the

Coopers Hill area, Barrett (1869a, p. 80) also commented on this fact:
The absence of iron pyrites from these lodes [the copper veins]
is remarkable, as this mineral occurs in crystals in the neigh
borhood, enclosed in a white siliceous matrix, forming 'mundic
lodes,’ which, as far as I have seen, never contain a trace of
copper; and this is also the experience of those who have worked
the mines. I therefore consider the success of any enterprise,
undertaken with the hope that these ’mundic lodes' would enclose
copper at a greater depth very problematical. The operations
undertaken on one of these lodes resulted in large quantities
of iron pyrites, but no copper ore rewarded the adventurers.
The pyrite lodes referred to by Barrett may be fracture zones
similar to those of the Port Antonio-Berridale area, or may be some of
the strongly pyritic dacite dikes reported by Lessman (1979).

Miscellaneous Occurrences of
Copper Carbonates and Silicates
Eleven occurrences of copper minerals are grouped in this cate
gory.

Of these, five are in outcrop, but only two contain significant

mineralization.

Some of the others, however, provide insight into the

origins of mineralization in the area.
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Veinlets in Cretaceous Limestone

♦

The only Occurrence of copper minerals in Cretaceous limestone
seen in the area is at a location just north of Spring Bank Road (no.
cl).

The limestone forms a small ridge extending northeast from the

main Spring Bank ridge.

For about 200 ft (60 m) along strike, the up

per part of the limestone is partly recrystallized with small patches of
white ealcite and is riddled with tiny veinlets of malachite, azurite,
and moss agate.

The veinlets are very irregular, with no preferred ori

entation, and the distance between veinlets varies from inches to feet.
The veinlets are very thin, usually composed of little more than thin
coatings.

No sulfide minerals were seen.

An assay of several chips of

mineralized limestone shows 0.1% copper (Table 3).

Several felsite

dikes and one possible calcitic andesite dike crop but in the area.
Barrett (1869a, p. 75-76) gives a good description of minerals
ized Cretaceous limestone in the Brighton area.

Brighton is in the vi

cinity of Spring Bank, but the name is not much used now.

Portions of

Barrett’s description are as follows:
The copper . . . i s seen in a low cliff of limestone, crossing
a small ravine; the limestone is Overlapped to the north-west,
west, and south by porphyry, which is here of no great thickness
....
The porphyry formerly extended over the entire bed of
limestone, as its upper surface is siliceous; but the igneous
rock has since been removed by denudation, leaving a small patch
here and there. On removing the porphyry from the surface of
the limestone it was found that the limestone was converted into
a compact siliceous rock, to the depth of one to three feet
. . . numerous small ’strings’ of yellow copper pyrites inter
sect this mass, and the upper surface is stained green and
blue, by carbonates . . . .
Four larger stringers of copper
were found descending through the rock, and at the distance of
six feet from the surface they united, forming one vein; the
rock on either side of the vein was silicified. Two feet
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lower down the vein divided, and the branches swelled out to
three large vbunchesr of copper ore (a mixture of yellow and
purple ore). The three ’bunches' and vein yielded about 15
cwts. of good copper ore. The excavation was continued some
distance lower, but the copper vein had terminated.
On the line of the section numerous small veins of yellow
and purple copper were met with, evidently isolated in the mass
of the rock; the limestone which they intersected was apparent
ly unaltered, but on digesting a fragment containing one of
these small veins in hydrochloric acid, a transparent crystal
line skeleton of silica remained, extending for some inches on
either side of the vein . . . on the sides of the larger copper
vein small veins of dark coloured silex also in a few places
intersect the limestone.
And further.
The copper ores have subsequently been partly decomposed, giving
rise to blue and green carbonate, and silicate of copper (chrysocolla). Occasionally the copper has been entirely removed from
the yellow copper pyrites? leaving a spongy skeleton of oxide
of iron, ’gossan.’
It is possible that the mineralization in limestone observed
during the present study may constitute the remnants left after the
small-scale mining operations described by Barrett at the Brighton
locality.

Veins of Copper
Silicates and Carbonate(?)
An occurrence of primary vein copper silicates exposed in a
trench about 800 ft (240 m) south of Providence on the lower slopes of
Tower Hill ridge (no. c2— the Providence trench) is described by D. G.
Bryant (written communication, 1972):

"The copper occurred along a

very irregular dipping fracture of contact . . . .

Though obscured by

intense weathering, the vein (6 - 1 2 inches wide) seems to be composed of
. . . fragments or concentrations of various copper silicates and/or
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sulfates . . .."

The copper silicates chrysocolla and bisbeeite have

been identified by x-ray methods in samples from this locality (H. S.
McQueen, personal communication, 1974).
Providence trench assayed nearly

8

Selected material from the

% copper (Table 3).

Sawkins (1869,

p. 69) mentions the "Providence mine . . . from which silicates of cop
per have been sent to the United States."

His location for the mine is

vague, but it may have been at or near the Providence trench.

Mining

had ceased prior to the arrival of Sawkins, but he reports (p. 35) that
"An American from Connecticut obtained about 80 tons from the Providence
and Rose Hill mines of which no account is preserved.

It is supposed

the civil war in America prevented a resumption of operations at these
localities."
Small pebbles of copper silicates, resembling the material south
of Providence, were found in soil on the northeast side of hill 593 (no.
c3).
Two samples found in float in the Waterworks drainage, south of
Bonnie View (nos. c4 and c5), contain primary copper silicate and pos
sibly carbonate, and are included in this discussion, although they also
belong in the quartz vein category.

The samples consist of quartz, fine

grained silica, copper silicate (chrysocolla?) and malachite in banded
and unusual vein textures.

Mineralized BOulders in Breccia,
A boulder of fine-grained amphibole(?)-bearing andesite with
malachite-stained feldspar phenocrysts was discovered by D. G. Bryant on
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a ridgetop south of hill 593 (no. clO— the Robinson trench).

An assay

of this rock shows 1.1% copper and 0.5 oz/ton silver (Table 3).

No

copper sulfides were seen, and trenching failed to expose additional
mineralization.

Subsequent mapping during the course of this study

indicates that the boulder is probably weathered from a breccia bed
near the base of the Boundbrook member, Annotto River Formation.
Several fragments of vein quartz and calcite occur in the brec
cias and gravel beds near the top of the "Boundbrook member, which out
crop along a stream bank 750-1,000 ft (230-300 m) north and northwest of
Providence.

The vein quartz is similar to that observed in outcrop on

hill 593 (nos. si and s2) and indicates that at least some vein mineral
ization had taken place prior to the deposition of the Providence Forma
tion.

There is also a considerable amount of vein quartz and calcite

float in the stream in this vicinity.

One boulder of quartz was stained

with malachite (no. c 6 ); the boulder may have originated from the nearby
breccia outcrops.

Other Minor Occurrences
of Copper Carbonates
Four minor occurrences of copper carbonates are present in set
tings other than those detailed above.

Two of these consist of mala

chite in the matrix of breccia (nos. ell and cl 2 ); both are adjacent to
fracture zones or faults.

Two other occurrences (nos. cl3 and c!4),

which are in float, consist of minor carbonate stain on the surface of
andesite boulders.
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Discussion

Native Copper
References to native copper in the Caribbean area are rather
rare.

Barrett (1869a) described a vein of cuprite and native copper,

and Sawkins (1869) discussed an apparent occurrence of fragments of na
tive copper or copper-bearing,rocks in a gravel bed, both of which are
within this study area and have been discussed above.

Later authors,

most recently Hughes (1973), repeated the observations of Barrett and
Sawkins.

Sawkins (p. 40) also mentioned a native copper occurrence,

apparently west of the Rio Grande, which consists of disseminated cop
per in shales.

The reference to copper in shales is unusual and has

not since been confirmed.

In the nearby Coopers Hill area, Lessman

(1979) has observed one occurrence of native copper in an andesite
flow(?).
Nagle and others (1973, p. 193) report that "Native copper, oc
curs in hematitic and zeolitic [amygdaloidal] pillow basalts (spilites)
of Cretaceous age or older from La Desirade, Lesser Antilles."

Their

chemical data is inconclusive, and allows interpretation of these rocks
either as ". . . remnants of oceanic crust or island arc tholeiites"
(p. 193).

The native copper ". . . occurs as irregular blebs ranging

in size from a few microns to

1

or

2

mm," and is in association with

". . . a secondary assemblage of calcite, pumpellyite, and chlorite
replacing

pyroxene, olivine, and part of the matrix" (p. 194).

Hema

tite also occurs as a secondary mineral, and cuprite is present as well.
They suggest a late magmatic origin for the copper.
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Pease (1966, p. 109) observed that MTraces of native copper are
sporadically distributed in lavas of most of the formations of preOligocene age" in Puerto Rico.

Puerto Rican volcanic rocks

. . are

chiefly basaltic-andesitic lavas, breccias, tuffs,, and their sedimentary
derivatives, all of which have been subjected to regional chlofitization
and albitization . . ..

Primary quartz is not apparent.

Magnetite.is

an important accessory in the groundmass" (Pease, 1966, p. 1 0 7 More
felsic quartz-bearing volcaniclastics are, however, abundant in early
Tertiary rocks of Puerto Rico (Mattson and Glover, 1960).
Nelson and Monroe (1966, p. C21) observed native copper ". . .
in float of lava from the Pozas Formation . . . " i n the Florida quadrang
le, Puerto Rico.

They report that the Pozas Formation consists primarily

of volcanic breccia, but contains other rock types, including andesite
lavas which are unpillowed, unlike other lavas in the quadrangle, and a
limestone lentil of Campanian or Maegtrichtian age.
Berryhill (1965, p. 106) reports ". . . disseminated grains of
native copper in the Minguillo Lava Member. . ." of the Pozas Formation
in the Ciales quadrangle, Puerto Rico.

According to Berryhill, the

Minguillo Lava is a commohly-brecciated andesitic unit.

It is charac

teristically hematitic and has gas cavities filled with zeolites or
chlorophaeite(?).

It also (p. 51) ". . . contains many small veins that

seem to be joint and crack fillings.

Vein material . . .

is principally

the zeolite mineral heulandite."
Cornwall (1956) lists 34 occurrences of native copper in basaltic
lavas from around the world, including the Lake Superior district,
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Michigan.

Cornwall (1956, p. 618) states that "In 15 of the areas

listed . . . the authors report that certain flows contain moderate
amounts of finely disseminated primary native copper."

In these ter

renes, native copper commonly occurs in the lavas, while in intrusive
rocks ", . . disseminated copper typically occurs as a sulfide . . . "
(p. 619).

Cornwall does, however, list six areas where native copper

occurs in "Bypabyssal intrusions of diabase, gabbro, and related rocks
. . . generally associated with copper sulfides . .

(p. 621).

The

copper ". . . occurs as disseminated grains and as fillings of seams
and vesicles with calcite and prehnite.. . ." (p. 621-622).

He believes

that "A shallow depth of intrusion probably permitted the volatile con
stituents, including sulfur, to escape rather freely . . ." (p. 622).
Although the association of native copper with andesitic rather
than basaltic rocks in the Port Antonio-Berridale area and in Puerto
Rico seems somewhat unusual, the occurrence of the copper disseminated
in fresh, often amygdaloidal volcanic rocks suggests a magmatic or late
magmatic origin similar to that described by Cornwall (1956).

An origin

of the disseminated variety of native copper mineralization by a large- .
scale metamorphic copper leaching and redeposition process similar to
that postulated for the Michigan copper deposits (Jolly, 1974) is con
sidered to be unlikely, due to the freshness of most of the copperbearing dike rock and the lack of an association with permeable zones.

Vein and Other Mineralization
Unlike the native copper occurrences, vein mineralization simi
lar to that present in the Port Antonio-Berridale area is widely

reported from elsewhere In Jamaica a n d .the Greater Antilles.

Hughes

(1973) gives a review of copper, silver and gold occurrences and other
mineral commodities in Jamaica.

According to Hughes, vein mineraliza

tion in Cretaceous rocks in Jamaica includes ". . . veins and stringers
Of quartz and'carbonate with massive chalcopyrite . . ." (p. 20) and im
portant gold and silver values in upper Clarendon; ". . . small veins
of malachite, brochantite, chalcocite, chalcopyrite, and bornite . . ."
(p. 24) near Job’s Hill in the Above Rocks area; n . .. . malachite with
scattered grains of chalcopyrite and pyrite and, less commonly, of born
ite and cuprite . . .M (p. 24; from Reed, 1966) in shears in the Above
Rocks area; shear zones with

. . bornite, chalcocite, and chalcopy

rite with supergene malachite . . . "

(p. 27) in the southern Blue Moun

tains in St. Thomas; and ". ... many localities along the northern flank
of the Blue Mountains . . ." (p. 27).

Many of these occurrences are in,

adjacent to or near intermediate intrusive bodies such as granodiorite
or diorite.

Lessman (1979) describes zeolite-calcite-quartz-epidote-

copper veins in the Coopers Hill area which resemble the zeolite-copper
veins in the Port Antonio-Berridale area.
Hughes (1973) also lists quite similar copper occurrences in
the Wagwater and Richmond Formations of the Wagwater Belt.

He believes

that the copper mineralization is associated either with the andesitic
to dacitic Newcastle Volcanics which are interbedded in the sequence or
with

. . andesite and dacite porphyry dikes, possibly associated with

the Newcastle Volcanics . . ." (p. 25).

These localities include ". . .

shows of malachite, bornite, chalcopyrite, pyrite, and calcite [with
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.barite]» contained in veins , .

(p. 25) with gold and silver values

along the Ginger River; "A thin pyritic quartz vein carrying some copper
[chalcdpyrite and chalcocite] and gold . .

(p.

25)

and

.chal-

copyrite, chalcocite and cuprite „ . , in thin quartz and/or carbonate
veins „ . .n (p. 26) near the Ugly River; and
. . chalcopyrite and
\
'
'
cuprite . . . in quartz and/or carbonate veins . . . [and] finely dis
seminated grains'[of chalcocite] within the country rock . .

(p. 26)

and float of "Native silver in association with cuprite and quartz
. .

(p. 26) in the Mt. Telegraph range.

Craig (1971, p. 199) re

ports that, in association with the Newcastle Volcanics in the Wagwater
Belt,
Copper mineralization occurs in those shales and sandstones of
the Wagwater Formation which immediately underlie the volcanic
rocks. The primary minerals are chalcopyrite, chalcocite, and
bornite with appreciable alteration to azurite, malachite, and
possibly broachantite. Additionally, coarse grains of chalco
pyrite are disseminated in Newcastle Porphyry dikes which were
feeders to the overlying flows.
Neither Hughes nor other authors except Lessman (1979) mention
zeolite as a gangue mineral in the veins.

In addition, Hughes seems

to feel that most of the chalcocite is secondary in origin, including
that in the Coopers Hills area.

The coarse-grained chalcocite in the

Port Antonio-Berridale area is nevertheless believed to be of primary
origin.
Most of the mineralized veins of "Jamaica apparently are small
and discontinuous, many being described as ". . . of limited lateral and
vertical extent . . ." (Hughes, 1973, p. 21).
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Woodring, Brown and Burbank (1924) describe similar veins in
Haiti.

Their principle "primary" veins are composed of quartz, with or

without calcite, and specularite,.pyrite, and chalcopyrite, sometimes
exhibiting open-space filling textures.

They believe that bornite,

chalcocite, covellite, malachite, and azurite, also present in veins,
are all secondary minerals formed by enrichment of lean primary veins
by descending surface water.

Thus, they give the following description

of occurrences at habitation La Selle, near Grande-Riviere du Nord (p.
465):
. . . there are veins of nearly solid chalcocite in altered
amygdaloidal basalt . . .. Most of these veins are only a
few millimeters wide, but at some, places they impregnate the
country rock in a brecciated zone so as to form small bunches
of moderately rich ore. One vein, although it varies con
siderably, contains at one place a mass of solid chalcocite
and malachite ore 5 or 6 centimeters wide.
Sections of the chalcocite ore.show that it contains pri
mary quartz, pyrite, and specularite and secondary bornite,
chalcocite, covellite, malachite, and azurite. The primary
copper mineral in these veins is not. known, but float of
quartz veins containing pyrite and chalcopyrite was seen on
the hillside. Thomasset reports that cuprite was noted in
the gossan of some of the veins.
Silver and traces of gold are also reported inthe veins.

According to

Woodring, Brown and Burbank (1924, p. 461) the veins ". . . may be found
at many places in the northern part of the Republic, where the
formations are of pre-Tertiary age,. ...

surface

The veins, however, are more

abundant in the Mesozoic volcanic rocks that border intrusive contacts
of the quartz diorite."

They also state (p. 461)

that, in general,

"The veins are very small and probably do not extend to great depths."
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Weber (1957, p. 129) indicates that there is also some copper in the
volcanic rocks of the southern, peninsula of Haiti. •
Pease (1966, p. 110) states that in Puerto Rico,
Chalcopyrite has been observed in quartz-pyrite veins at numer
ous localities throughout most of the volcanic rocks of the
island. Most o f •these showings are in trace amounts and do
not constitute economic deposits; others may contain as much
as 4 or 5 percent copper, yet their tonnage may be too small
to represent a minable deposit,
Silver and gold values are high in these veins.

Pease also reports (p.

109) that "Primary chalcocite and bornite were noted in some areas,
but most chalcocite, with lesser amounts of covellite and cuprite, oc
curs as a secondary mineral after chalcopyrite and pyrite."
Berryhill (1965, p. 106) reports small copper.occurrences

.

(principally secondary minerals) in the Ciales quadrangle, Puerto Rico,
in

. . small veins along faults and fractures and small irregular

masses in the Giales and Morovis stocks and in the volcanic rocks.
sociated gangue material is a mixture of zeolites and calcite.

As

No

quartz was observed with any of the deposits."
The origins of all the vein occurrences are not always clear.
In Haiti, Woodring and others (1924) seem to feel that most veins are
associated with either outcropping, hidden or buried intrusive bodies,
principally quartz diorites.

In Jamaica, Hughes (1973, p. 20) states

that "The most important copper occurrences in Jamaica . . . in upper
Clarendon and adjoining parts of St. Catherine; in Portland; and in St.
Andrew; . . .

are all associated with acid and intermediate intrusive

rocks and are located either in the intrusives themselves or in the ad
joining country rocks."

These intrusives are granodiorites of Cretaceous

or earliest Tertiary age, or andesitic and dacitic rocks of Eocene age
in the Wagwater Belt.
On the other hand, Barrett (1869a) considered that the copper
veins of Portland, the Rio Grande valley area, were associated with the
abundant andesite porphyry of the region, of which the Spring Bank and
Bonnie View Andesifes may be considered examples.
porphyry is

He believed that the

intrusive and of Miocene age, and concluded that the copper

mineralization is

either in the porphyry or in stratified country rocks

as a result of contact metamorphic effects.

However, he also suggested

(p. 82) that "The mineral lodes of Portland, therefore, result from the
filling up of parallel fissures formed during the elevation of the en
closing rock, which was erupted during the Miocene period."
p.

6

Zans (1963,

) also related copper occurrences in this area to the andesite:

"In the Rio Grande valley the andesite masses associated with the Upper
Cretaceous conglomerates carry some veins of copper minerals."
'

I

-

In the Port Antonio—Berridale area, felsic intrusive rocks occur
only in one area, and it is quite difficult to relate any copper miner
alization other than that in the Cretaceous limestone (no. cl) to these
rocks.

It is possible, however, that at least some mineralization may

be related to the intrusion of pyroxene andesite dikes.

As discussed

previously, the native copper in and along the contacts of these dikes
may represent original copper present in the andesite magma.

The miner

alization in Cretaceous limestone at locality no. cl may be due to an
andesite dike, as similarly reported by Barrett (1869a), and some of the
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quartz and zeolite veins may likewise be related to direct volcanic
emanations.
The relationships observed at location:nos. n3 and s6 » however,
where a mineralized fault offsets a native copper-bearing dike, clearly
indicate that at least some veining took place after emplacement of
dikes, although the time span involved is uncertain.

Since most other

vein occurrences in the area are in sheared rock or adjacent to fault
zones, it''is considered likely that most of the veins formed during
fracturing and shearing of andesitic dikes, flows and clastic rocks,
and that copper and silver probably migrated into the fracture zones
from the country rocks.

The vein assemblages indicate rather low-

temperature mineralization.

Similar vein mineralization where the cop

per probably originated in mafic igneous rocks and associated sediments
is described by Brummer and Mann (1961) and Gandhi and Brown (1975) from
the Seal Lake area, Labrador, and is mentioned from various localities
by Cornwall (1956).

Leaching of copper from basaltic lavas by waters

migrating under the Influence of low-grade metamorphism and redeposi
tion of the copper into permeable zones is believed to be an important
process in the formation of the Michigan copper deposits (Jolly, 1974);
this process is perhaps a larger scale, but related, version of that
which produced the copper sulfide veins within the study area.
The timing of vein mineralization may have been at any time
since Late Cretaceous.

However, the presence of a considerable amount

of vein quartz as fragments in breccias and gravels below the base of
the Providence Formation and possible occurrences described by Sawkins
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(1869, p. 34, 69) of fragments of native copper-bearing rocks as breccia
fragments near this point in the section suggests that much, and per
haps all, of the vein mineralization in the area took place in the Cre
taceous, not long after deposition of the rocks.

On the other hand,

similar veins in the Richmond Formation in the Wagwater Belt (Hughes,
1973) indicate that processes of mineralization took place in the Eocene.
Hot spring activity on.the Guava River depositing manganese veins
(Barrett, 1869b; Zans, .1953) shows that vein processes occurring up to
the present time cannot be ruled out.

Economic Potential
The mineralization observed during the Course of this study in
the Port Antonio-Berridale area has a poor economic potential.

Occur

rences of both disseminated native copper and vein or other fracturecontrolled copper Sulfides, silicates and/or carbonates are of very
limited dimensions.

However, the. high silver values in some of the

Campbell trench vein mineralization are of some interest; a concentra
tion of high-grade silver and copper veins over a larger area could
conceivably provide sufficient tonnage for a small-scale mining opera
tion.

In this regard, the quartz veins in the vicinity of hill 593

could be investigated further by soil sampling and trenching.

The min

eralized limestone at location number cl, although subeconomic in grade,
occurs along a considerable length of strike of the bed and constitutes
the second most significant prospect.

In addition, some further work

on the mineralized (native copper) dike contact at location number nl
is recommended.
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Although the linear pyrite zones and pyritic fault zones in the
southern and western portions of the area bear a superficial resemblance
to some of the linear hydrothermally altered zones which host porphyrytype copper mineralization elsewhere in Jamaica and in Puerto Rico, the
potential for porphyry copper deposits within the area is low, due to
a) the lack of observed copper mineralization and/or hydrothermal alter
ation related to the zones, b) the apparent absence of plutpnic rock
bodies of significant dimensions, and c) the size of the pyrite zones.

GEOLOGIC HISTORY
The geologic history of the rocks exposed in the Port AntonioBerrldale area began in the Late Cretaceous» probably in the Maestrichtian, with deposition of

a

series of volcanicr-related rocks of the

Annotto River Formation, within the framework of the continuing devel
opment of an island arc system.

The earliest rocks consist of volcanic

conglomerate^breccia, wacke, siltstone, and a limestone bed, the Kew
Green member, deposited in a shallow-water marine environment, probably
near a volcanic source.

This was followed by the deposition of the Air

Mount unit, composed of pyroclastic debris, predominantly lapilli tuff
and tuff breccia, which had been subjected to varying degrees of oxida
tion prior to deposition.
Although contact relations are obscure, these older members were
followed by the deposition of pyroxene andesite flows and by intrusives,
volcanielastics, and thin limestone beds of the upper portion of the Annotto River Formation.

The lowest member of this part of the formation,

the Spring Bank Andesite, consists of massive lava flows.

Faulting may

have been initiated during or shortly after the eruption of these flows,
predominantly along the east-west trending Big Spring Fault system,
but also along north-south to north-northwest south-southeast faults.
A series of andesite and andesite-diorite dikes was intruded, often
along fault zones,

A considerable amount of pyrite was developed along

the larger fault zones, either at this time or during renewed movements,
possibly in the Eocene.

Volcanic breccias, conglomerates, tuffs, wackes,
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and siltstones with thin andesite flows and Titanosarcolites-bearing
limestones of the Boundbrook member were deposited on the Spring Bank
Andesite.

The clastic material was derived for the most part from a

nearby andesitic source with a composition similar to the pyroxene an
desite of the Spring Bank Member, but also includes some debris of
amphibo1 e-bearing andesite, dacite and leucpcratie pumice.

Rapid, facies

changes characterise the unit, suggesting unstable depositional sites
and continued tectonic movements.
shallow-marine conditions.

It was, however, deposited largely in

Pyroxene andesite flow(s) of the Bonnie View

Andesite Member partially covered the voloaniclastics and concluded the
major period of andesitic volcanism in the area.

The volcanic pile may

have projected above sea level during eruption of the Bonnie View and
at various other times during the Cretaceous. Migration of copper and
silver into zeolite- or quartz-filled fractures and shears probably
x

took place at this time,
A Late Cretaceous (Maestrichtian) transgressive marine sedimen
tary unit, the Providence Formation, composed of sandstone to mudstone,
was deposited on the andesitic volcanics, possibly with some unconformity.

- '
.
..
:
An interbedded sequence of mudstone and sandstone, the Richmond

Formationt?) of PaleoceneC?) to Lower Eocene age, follows the Providence
possibly with another unconformity.

Pelsite dikes, which intrude Cre

taceous rocks in one area, are assumed to be Lower Eocene in age, by
correlation with similar dikes in the southern Uagwater Belt.

The Lower

to Middle Eocene Yellow Limestone was not seen in the study area, but
may have been deposited on the RichmondC?).

154

Uplift and faulting occurred in the Lower or Middle Eocene.
An east-west fault near the coast brought Cretaceous volcanics against
Richmond sediments.

There are other faults in the area which may be of

the same age, and some reactivation of Cretaceous faults probably oc
curred.

Principal uplift of the Air Mount block and formation of the

surrounding antiformal structure probably occurred at this time.

The

area projected above sea level and erosion of the older rocks took
place.
The area again subsided, and the White Limestone, Middle Eocene
to Miocene in age, was deposited on the older rocks above an angular
conformity.

The White Limestone is followed conformably by marl and

claystone of the Buff Bay Formation, Middle to Upper Miocene in age;
this unit marked the initiation of uplift of the island.

Renewed up

lift of the Port Antonio-Berridale area probably began in the Pliocene,
tilting the rocks northward and northeastward, and was accompanied by
further faulting.

Deposition of the Pliocene Bowden Formation and the

Pleistocene Navy Island Member, Manchioneal Formation, both exposed
just outside the study area, continued along the coast, separated by an
unconformity.

Further uplift also raised and tilted these rocks north

ward and is continuing at present.

SUMMARY AND CONCLUSIONS

The Port Antonio-Berridale area covers about 7 sq mi (18 sq km)
in Portland Parish, extending from the harbors at Port Antonio to the
Rio Grande in the vicinity of Berridale and Fellowship.

Most of the

area is underlain by Cretaceous volcanic and volcanicla Stic rocks, for
which the name Annotto River Formation is proposed.

The volcanics are

surrounded on three sides by Cretaceous, Tertiary and Quaternary sedi
mentary rocks.
The oldest unit in the area, referred to as the Kew Green member
of the Annotto River Formation, is composed of red and brown muddy vol
canic conglomerate-breccia., wacke and siltstone, with some tuff.

The

unit becomes finer-grained upward and is often fairly well bedded.
thin rudist limestone bed is present near the top of the unit.

A

The age

of the Kew Green beds is Late Cretaceous, possibly Maestrichtian, and it
may correlate with the Brookdale member, Chesterfield formation, of
Lessman (1979).
The Air Mount member overlies the Kew Green rocks with apparent
conformity, and the two units comprise a structurally high block just
north of the Rio Grande.

The Air Mount is composed of well-indurated,

gray, but tan or brown weathering, tuff breccia, lapilli tuff and tuff.
The multicolored fragments are of a few textural varieties of pyroxene
andesite and were probably derived from a pile of pyroclastic debris
whose individual constituents were subjected to varying degrees of
oxidation.
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Faulting and dike intrusion almost completely separates the Air
Mount block from other rocks of the area, but Air Mount rocks are appar
ently overlain by flows of the Spring Bank Andesite Member.

The Spring

Bank Andesite consists of a thick series of massive porphyritic pyroxene
andesite flows with minor interbedded elastic material.

The andesite is

usually not fresh; plagioclase phenocrysts are often dull in appearance.
It is quite variable texturally.
and abundance.
vary in size.

Plagioclase phenocrysts vary in size

Phenocrysts of augite make up 0-10% of the rock and also
The groundmass is fine-grained and consists in part of de

vitrified glass.

The andesite is often amygdaloidal.

The Boundbrook member, which follows the Spring Bank Andesite
conformably, consists predominantly of red volcanic breccias, tuffs,
wackes, siltstones, and mudstones.

All but the finer grained rocks are

normally massive or only vaguely bedded.
of Spring Bank Andesite-type debris.

The rocks are composed mostly

In places, however, fragments of

amphibole andesite, leucocratic pumice, and quartz-bearing dacite are
present, which are probably correlative with volcanism of the Summerfield Formation of central Jamaica.
trichtian rudist

Titanosarcolites

Thin limestone beds with the Maesin their fossil assemblage are

present near the base of the member, proving a shallow-marine environ
ment.

Thin flows of pyroxene andesite, one of which is in part pillowed,

also occur in the unit.
brook member.

Rapid facies changes characterize the Bound-
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The Bonnie View Andesite is the uppermost member of the Annotto
River Formation, and crops out immediately behind Port Antonio.
thins rapidly and disappears to the south.

It

It is composed of massive

porphyritic pyroxene andesite of quite regular composition.

Phenocrysts

of plagioclase are abundant and of relatively constant size.

Augite

phenocrysts, often large, make up'about 3-10% of the rock, and in fresh
samples usually show a prominent parting.
in the groundmass and in larger grains.

Magnetite is abundant, both
Plagioclase, clinopyroxene,

magnetite and fine-grained material make up most of the groundmass.

The

Bonnie View may be, in part, subaerial.
After cessation of active volcanism, the area subsided and the
Maestrichtian Providence Formation was deposited on the older rocks,
possibly with some unconformity.

It is composed of gray to brown mas

sive calcareous marine sandstone, siltstone and mudstone.

It is a

transgressive unit, grading from sandstone near the base, with a basal
conglomerate^ to mudstone near the top.

The Providence shows consider

able variability in outcrop width, due either to structural repetition,
an unconformable upper contact, or both.

>

Tan to brown to gray calcareous mudstone with thin interbeds of
calcareous and ferruginous sandstone and sandy limestone overlies the
Providence Formation and is correlated with the Richmond Formation,
Paleocene(?) to Lower Eocene in age.

A distinctive pure white algal

limestone with fragments of molluscs occurs at the base of the unit,
/

and may comprise either a true bed of limestone or limestone blocks in
a breccia.

Such a breccia, with fragments of limestone. Providence(?)
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sandstone and Cretaceous volcanics, outcrops north of Fellowship and
resembles the landslide-type breccias described from the Richmond Forma
tion in the Wagwater Belt.
The White Limestone, Middle Eocene to Miocene in age, overlies
older rocks with angular unconformity.

It consists of relatively pure

white hard limestone, chalky limestone and chalk, generally in that
order from bottom to top, although there is some interbedding of lithologies.

The base of the unit consists of rubbly limestone, limestone

with occasional pebbles and boulders of older rocks or a basal conglom
erate with fragments of limestone, Richmond (?) sediments and Cretaceous
volcanics in a marl matrix.

The White Limestone is tilted at moderate

angles northward and northeastward.
Tan marl and calcareous claystone of the Buff Bay Formation of
the Coastal Group follow

the White Limestone conformably.

Bay ranges in age from Middle to Upper Miocene.

The Buff

The Pliocene Bowden

Formation and the Pleistocene Navy Island Member, Manchioneal Formation,
also of the Coastal Group, occur just outside the study area on Navy
Island and the Titchfield Peninsula and are composed of marl, claystone
and limestone.
Along the Rio Grande in the Berridale area, a weathered alluvial
conglomerate of unknown age laps onto Cretaceous volcanic rocks at lev
els above the present valley floor.
Intrusive igneous rocks consist of andesitic and felsite dikes.
Dikes of andesite-diorite and andes.ite, the latter often with dissemi
nated grains of native copper, consist of plagioclase, pyroxene and
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magnetite and are probably roughly contemporaneous with the Cretaceous
andesite flows which are of similar composition.

Pyroxene in the ande-

site dikes includes both augite and hypersthene.

Much andesite along

some of the larger fault zones may be intrusive in origin.
dikes may have been feeders to the flows.

Some of the

Much of the northeastern half

of the Isleworth area may be underlain by andesitic intrusive rocks.
Contact metamorphic effects adjacent to the dikes are insignificant.'
A swarm of felsite dikes intrudes Cretaceous volcaniclastic
rocks and limestone near the top of one of the Spring Bank ridges near
the White Limestone contact.

The felsite is white to light green-gray

and consists of plagioclase phenocrysts and altered aligned hornblende(?)
needles in a fine-grained matrix of plagioclase and magnetite.

The age

of the felsite could be either Maestrichtian or Lower Eocene, but simi
lar dikes in the southern Wagwater Belt are probably Lower Eocene.
Overall structure of the area consists of a structural high, of
which the Air Mount block forms the core, probably formed in the Lower
to Middle Eocene, while the younger rocks are tilted northward.

Fault

ing appears to be the dominant mode of deformation in the area, with
folding of lesser significance.
present in the area.

At least three ages of faulting are

Faults which probably originated in the Cretaceous

outline the Air Mount block, and others probably occur elsewhere in the
area.

Lower-Middle Eocene and Plio-Pleistocene faults are also present.

Strike-slip as well as dip-slip movements may.have occurred on some
faults. .The complex Big Spring Fault system is marked by a narrow
graben zone probably formed by renewed; movements of opposite sense along
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the Big Spring trend and by probable intrusion of considerable andesitic
material.

Several outliers of White Limestone along Big Spring and in the
f

the Rio Grande valley may have originated either by faulting or by landsliding.

Many faults which cut Cretaceous rocks are pyritic, and linear

pyrite zones are abundant in certain areas.

Laumontite occurs commonly

in fractured Cretaceous andesitic rocks and may indicate local low-grade
metamofphic effects.
Copper mineralization with significant silver values occurs in
a variety of forms at 39 separate occurrences in the area.

Native cop

per occurs as disseminated primary grains in Cretaceous andesite dikes
and possibly flows.

The andesitic volcanics and .volcaniclastics contain

slightly anomalous background levels of silver.

Quartz veins with cop

per sulfides occur in at least one area, while zeolite (laumontite)
veins and fracture fillings, often containing sulfides, principally
chalcocite and bornite and possibly native copper, are common.

Many of

the veins are in or near fault zones and probably formed by leaching of
copper from the country rocks and redeposition, in fracture zones.

Py

rite zones are usually unmineralized, except for one minor occurrence
of chalcopyrite.

Cretaceous limestone is partly mineralized at one

locality, possibly from an adjacent dike.

Breccia fragments in volcani-

clastic rocks may be mineralized, pointing to a probable Cretaceous age
for most of the mineralization.

All the occurrences of mineralization

are small and the potential of the area is not great, although addi
tional prospecting could be done in certain areas.
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It is recommended that further work on the Providence and Rich
mond (?) Formations, especially in and east of the West Town River, would
be helpful in discerning the relationships among these units.

More work

should also be done to better delineate the contacts of the Bonnie View
Andesite as it thins southward, since this area was not covered in great
detail.

The contact relationships between the Spring Bank Andesite and

older rocks along the faults which border the Air Mount block need to be
better defined.

APPENDIX A

DESCRIPTIONS OF OCCURRENCES
OF MINERALIZATION

Mineral Abbreviations Used in Appendix A
: Cu = native copper
cup

nat Ag

cuprite

mal

native silver
malachite

az = azurite

cc - chalcocite
cv = covellite

chrs

chrysocolla

bn = bornite

bisb

bisbeeite

cp = chalcopyrite

qz

quartz

py = pyrite

cal

si = sphalerite

zeo = zeolite

calcite

plag = plagioclase

gn = galena

px = pyroxene

arg = argentite

Other Abbreviations Used in Appendix A
approx = approximately
dissem = disseminated
ingrained = fine-grained
c-grained = coarse-grained

Explanation of Column Headings and
Organization of Appendix A
M.0. No. = mineral occurrence number (Figure 4)
n = native copper occurrence (1 1 )
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s = copper sulfide occurrence (1 2 )
c = copper carbonate or.silicate

occurrence (14)

F.S. No. = field sample number
Coordinates are in feet, in the Jamaican coordinate system (Figure 4)
oc - outcrop
f = float
st f = stream float
The occurrences are listed in numerical order, native copper first, sul
fides second, carbonates-silicates third.

For reference to the text,

these may also be grouped as follows:
native copper occurrences
nl-nll (nil may also belong with zeolite veins)
quartz veins
sl-s5
c4-c6

zeolite veins
s6 -sll
c7-c9

pyritic shear zone
sl2
miscellaneous carbonate-silicate
veinlets in limestone
veins of carbonate-silicate
mineralized boulders in breccia
other

cl
c2, c3, see also c4, c5
clO, possibly also c 6
cll-cl4

M.O. No.
F.S. No.
Coordinates
Native Copper Occurrences
nl
X-32
737,480 E
452,270 N

n2

n3
(see also
s6 )

oc/f_________________

Description____ ____ ____

oc

Non-fresh andesite dike cuts brecciated andesite,
contacts ill-defined, dike rock is locally fine
grained with a trachytic texture. Nat Cu, in places
exceeding 1 %, is dissem with zeo and occurs dissem in
irregular zeo-filled fractures and cavities over a
width of about 1-3 ft (30-90 cm) and exposed length
of about 10 ft (3 m) in the dike near its SE contact.
Secondary minerals are mal and a red material which
is probably cup. See text.

X-65

734,610 E
465,510 N

oc

A few flakes and grains of nat Cu in a thick dike of
fresh andesite which cuts Air Mount lapilli tuff. Cu
appears to Occur in association with chlorite. South
ern contact of dike is irregular, trending approx
E-W east and N40-50°W west of occurrence; north
ern contact not 1 exposed. About 60 ft (20 m) of con
tact is exposed, nat Cu occurs along 10-20 ft (3-6 m)
of the dike near but not at contact. Unminetalized
dike rock is locally brown, with chloritic amygdules,
at the contact; some hardening of country rock is
apparent.

C-5

737,360 E
456,410 N

oc

Fewer than 10 grains of nat Cu dissem in a dike of
fresh reddish andesite which intrudes andesite flows
(Figure 26). Dike strikes approx N-S, dips 45°W.
Fresh dike rock is 2-3 ft (60-90 cm) thick, but
flanking andesite with cal amygdules and cal replace
ment of plag may be a contact phase. Dike is offset
by mineralized fault (see s6 and text).

M.O. No.___ F.S. No.____ Coordinates
n4
GC-82
735,080 E
461,030 N

oe/f
oc

Description
A few grains of mat Cu, dissem and along microfrac
tures, at one location along a creek bed near the east
end of a large, apparently irregularly shaped dike or
sill of fresh andesite. Contacts not seen; intrusive
is subparallel to a bed of limestone. Several out
crops of a red, hard f-grained rock nearby may be a
f-grained phase of the intrusive.

n5

GC-73

736,580 E
459,980 N

oc

A few grains of nat Cu dissem in fresh andesite which
outcrops on the Annotto River road. Outcrop area of
fresh andesite only about 5 ft (1.5 m) in diameter, but
it is probably a part of a larger mass of non-fresh
andesite which appears to occur along a W-NW trending
fault.

n6

X-75

736,330 E
457,400 N

oc

A few grains of nat Cu which occur with zeo in non
fresh andesite (dike or flow?). All nat Cu was found
in one area about 3 ft (90 cm) in diameter, within a
series of andesite exposures along 150 ft (45 m) of a
creek bottom. The andesite adjacent to the minerali
zation is slightly calcareous and some shows a partly
fragmental texture (flow breccia?).

n7

X-85

735,260-390 E
458,180-230 N

oc,
st f

One outcrop and two stream float specimens further up
stream of fresh andesite, each with 1 - 2 grains of
nat Cu.

X-82B

736,260 E
458,420 N

oc

One.grain nat Cu observed in a small outcrop of fresh
andesite.

n9

GC-98

733,450 E
458,690 N

St f

Fresh andesite boulder with two observed grains nat Cu.
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n8

Coordinates

oc/f______________________________ Description

nlO

J-5

736,960 E
455,540 N

st f

Fresh andesite boulder with two observed grains nat
Cu.

nil

X-53

737,060 E
454,690 N

st f

Nugget about 1 x 1.5 cm of nat Cu, with a coating of
cup about 1 mm thick and zeo and mal on the outer sur
face. Nat Cu, zeo and probably cup are primary miner
als. Also a boulder of non-fresh andesite with mal
stain. The mineralization may be related to an ande
site dike or more likely to a zeo vein occurrence.
See text.

_

M. 0« No.___ F. S..No.

Hill 593

Copper Sulfide Occurrences
si
A-4/D-1
738,000 E
457,130 N

Two occurrences of nat Cu were noted from skeletonized
drill core. Two grains nat Cu at 364 ft (111 m) in
DDH - 6 in a dike of fresh andesite from about 330-370
ft (100-113 m ) . One grain nat Cu in a fresh andesite
dike between 1,295 ft (395 m) and 1,400 ft (427 m) in
DDH-7, A much-faulted f-grained dike(?) without ob
served nat Cu occurs from 1,445-1,530 ft (440-466 m)
in DDH-7.

oc,f
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Campbell trench (backfilled). Andesite breccia, near
contact with overlying sandstone-siltstone, cut by nu
merous irregular, narrow qz veins and veinlets. Width
of zone uncertain, but at least several feet. One vein
oriented N40°W, 75°E; strike of veined zone is very
approx N85°W. Country rock commonly bleached adjacent
to veins; fragments of bleached and chloritized ande
site occur in the veins. Qz shows vuggy open-space
filling textures. Small grains and larger patches up
to 1 cm of ccj, partly replaced by cv, and py,

M«0. Mo.

F.S. Mo.

Coordinates

oc/f

Description
less commonly bn and cp, occur in the qz, particularly
in the centers of spherulitic radial qz intergrowths.
SI, gn, arg and nat Ag have also been identified from
vein qz collected in the vicinity of the trench.
Bladed barite occurs in float at the trench. Secon
dary minerals include mal and Vesigneite.. (greenishyellow Ba Cu vanadate). See text for further
discussions.

s2

D-2

737,600 E
457,230 N

oc

A zone of qz veins and veinlets very similar to si,
One veinlet is oriented approx N50°E, 70oS. Small
grains of cc, bn, cp and py occur in the qz; secondary
mal and vesigneite are present.

s3

A-l

738,790 E
456,290 N

oc,f

Johnson trench (backfilled), old adit and dump. Vein
qz, open-space filling textures* with mal and az;
Bryant (1972) reports cc. Country rock locally some
what bleached. See text for additional description
by Bryant.

s4

X-81

736,990 E
457,410 N

st f

Narrow qz vein in a boulder of andesite; some andesite
fragments in the qz. Two grains cp in the andesite
adjacent to the vein; secondary mal.

s5

X-84

735,620 E
458,130 N

st f

Qz vein in a boulder of andesite.
the qz; secondary mal.

C-5

737,360 E
456,410 N

oc

Mineralized fault which strikes N70-80oW, dips 45-66°N;
offsets a dike of fresh andesite containing nat Cu (n3)
about 10 ft (3 m). Adjacent to the dike contact the
shear zone contains irregular veinlets and breccia
fillings of zeo and cal with dissem grains, small
masses, and veinlets of cc. The cc is c-grained and

s6
(see also
n3)

A few grains cc in
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M.O. Mo.

FoS. No.

Coordinates

oc/f

Description
_______________ _
■ ________
partly replaced by cv along cleavage planes. The
largest mass of cc is about 1 x 1.5 x 2.5 in (2.5 x
4 x 6.5 cm) found 15 ft (4.6 m). downstream in float.
Secondary mal locally occurs in mats of radiating
acicular crystals. Mineralized zone is about 1-2 ft
(30-60 cm) wide, and apparently is of limited strike
length. See n3 and text.

s7

X-46

738,930 E
454,090 N

oc

Irregular zeo veinlets up to 3/4 in (1.9 cm) wide in a
fractured zone 6 - 8 in (15-20 cm) thick oriented about
N70°W, 45°N. A few cc grains occur in the zeo; secon
dary mal.

s8

X-55

738,700 E
453,910 N

oc

Zeo with a few small grains of cc and bn(?) filling an
irregular fracture which is oriented very roughly
N50°W, 30°S in green-gray to dark reddish-brown andeSite. Zeo veinlets with mal stain occur a few feet.
away. There is some dissem py in the andesite,

s9

K-2C.
L-1C1
L-1C2

736,630-640 E
455,480-560 N

st f

Three boulders of pinkish-cream zeolitized andesite
at intervals along a creek bottom. Two boulders con
tain veins or veinlets of massive cc, usually with zeo
margins, up to 1 cm wide (Figure 31). The third boul
der has irregular thin (approx 1-3 mm) veinlets of bn
locally with cores of cp. Secondary mal.

737,270 E
456,260 N

st f

A boulder about 6 in (15 cm) in length consisting of

slO
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strongly weathered, massive c-grained vein cc and
secondary mal embedded in alluvium. A narrow band of
zed with a few remnants of andesite country rock oc
curs along one side of the boulder. A charcoal powder
Is present over much of the surface, suggesting that

M.0. No.

F.S. No.

Coordinates

oc/f

___________________ Description_______ _________ _
the boulder was in a fire, and may have been mined
and transported at an earlier date. See text.

sll

S-3

739,690 E
457,230 N

st f

A cobble of massive bn and cc about 1 x 1.5 in (2.5 x
4 cm) with secondary mal Veinlets. Cc is relatively
c-grained and the cobble is assumed to be from a zeotype vein occurrence.

sl2

X-15
X-16

735,640 E
453,570 N

f
(oc?)

Copper Carbonate and Silicate Occurrences
cl
GC-67
731,630 E
oc
461,250 N

C2

X-96

740,110 E
454,520 N

oc

Dissem cp and cp in small fractures, as well as an unidentified black material in a slumped block of
sheared, pyritic andesitic rock in a creek bottom*
Adjacent outcrops of similar rock without visible cop
per mineralization. Another slumped block just down
stream is stained with mal. See text.

Numerous tiny irregular veinlets of mal, az and moss
agate in patchily recrystallized Cretaceous limestone.
No sulfides were observed. Distance between veinlets
varies from inches to feet. The mineralization occurs
in the upper part of the limestone bed along approx
200 ft (60 m) of strike. Most is in rubble subcrop;
some is apparently outcrop. Eelsite dikes and an andesite dike(?) occur nearby, but there is no clear rela
tionship to the mineralization. See text.
Providence trench (backfilled), Copper silicates—
chrs and bisb (x-ray ident.)--in an irregular fracture.
The copper silicates are apparently primary. Country
rock is andesitic breccias. See text for additional
description by Bryant (1972).

M.O. No.
c3

F.S. No.
R- 6

Coordinates
738,220 E
457,570 N

oc/f
f

________
Description______________________
Nerahard trench area. A few small pebbles and chips
of chrs and blue copper silicate, very similar to c2 ,
at one location in turned-up soil in a yam field.

c4

X-4

739,180 E
460,470 N

St f

A boulder approx 6 in (15 cm) in diameter of banded
vein qz, f-grained silica, mal and copper silicates(?).
Bands are cut by a later qz vein; Copper silicates (?)
and some of the mal appear to be primary.

c5

X-9

739,100 E
460,170 N

st £

A boulder approx 6 in (15 cm) in diameter composed of
bands and unusual rod-like or toothy intergrowths of
f-grained black silica, chrs(?) and zeo or clay, with
interstitial f-grained white silica. The rod-like
structures are oriented perpendicular to and extend
across the mineral bands.

c6

C-2

740,030 E
456,290 N

st f

A boulder approx 6 in (15 cm) in diameter of vein qz
with mal stain. It is in an area where there are sev
eral boulders of vein qz and cal in outcrops of breccia
and gravel, suggesting a similar origin for the min
eralized boulder.

c7

X-82

736,600 E
457,060 M

c8

GC-87

736,900 E
457,200 N

Narrow zeo veinlets with mal stain in a triangular area
about 1 ft (30 cm) on a side at the intersection of two
small fractures or joints which are oriented N35°E,
30°N and N50°W, 50°N.
oc

170

A radial aggregate of zeo about 1 in (2.5 cm) in diam
eter with mal stain in a fracture in andesite, exposed
on a trail. The andesite all along this trail is full
of zeo- and cal-filled fractures without visible
mineralization.

MsO. No.

F.S. No.

Coordinates

oc/f______

c9

GC-53

733,000 E
460,030 N

f
(oc?)

Zeo-filled fractures with minor mal(?) or chrs(?) in
two small blocks of andesite embedded in a bank along
side Spring Bank Road. Adjacent outcrops of andesite
cut by numerous zeo veinlets.

clO

J-2

737,580 E
456,070 N

(oe)

Robinson trench (partially backfilled). A boulder of
medium-gray, hard amphibole-beafing andesite with mi
nor mal replacement of feldspar phenocrysts, on a
ridgetop in strongly weathered volcaniclastics and
soil. Probably was a fragment in a coarse breccia bed
which strikes toward the trench. See text.

cil

U-l

740,720 E
459,240 N

oc

Mal stain in the matrix of a muddy andesitic breccia
adjacent to a fault4 The breccia overlies a small
sliver of Bonnie View Andesite exposed along the
fault.

G12

G-3

736,910 E
456,400 N

oc

Minor mal coating on 1-2 fragments in an andesitic
brecciaj immediately adjacent to a 6 in (15 cm) wide
tectonically brecciated zone oriented approx E-W, 80°S

C13

GC-3

739,700 E
462,910 N

f
(oc?)

Az and mal stain on the sides (joint surfaces) of a
large boulder of Bonnie View 'Sidesite alongside a road
the boulder probably slumped from adjacent outcrops.
A thin veinlet with copper carbonates but no visible
sulfides cuts through the boulder.

C14

X-58

740,140 E
452,120 N

st

•

f

-

Mal stain on a
andesite.

Description

fracture surface on a boulder of
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