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ABSTRACT

The British Virgin Islands are a group of small
islands ln the northeastern Caribbean about 70 miles east
of Puerto Blco. They are underlain by keratophyres and
spilites of unknown age, andesitic pyroclastics of Ceno-
manian and middle Eocene age, and granltic rocks of middle
or post-middle Eocens age, all of which have been mildly
metamorphosed and deformed.

The oldest rocks are named the Water Island Forma- .

tion and consist of keratophyres and spllites with a few

radlolarite units. This formation was apparently deposited
onn the gsea floor prior to the Cenomanian and marks the be-
ginning of the development of the island arc. Throughout
most of the area the formation has been contact metamor
phosed by the later intrusives to the epldote-amphibolite
or hornblende-hornfels facles,

Uplift and erosion of the Water Island formatlon
preceded the deposition of the andesitlc pyroclastics of
Cenomanian to middle Eocene age, which constitute the Vire
gin Igland group. The oldest formatlon in thils group 1ls

the Loulsenhoj Formation which 1s comprised of up to 15,000

feet of auglte-andesite brecciass and tuffs with g few inter-
related conglomerastes. These pyroclastic rocks were deposlted
on the northern slope of a geantlclinal rise during the Ceno-

manian.,

ix



The Cuter Brass Limestone overlies the Louisenho]

formation and consists of a carbonaceous; silicified;, radlo-
larian limestone with minor tuffaceous material, apparently
deposited in several hundred feet of water,

Unconformably overlylng the Outer Brass limestone ls

the Tutnu Formation ceonslsting of about 9,000 feet of volcanle

wackes and a few limestone brecclas derived from the Loulsen-
hoj formation and Outer Brass limestone. HNear the top of the

unit 1g a limestone about 500 feet thick, the Congo Cay Lime-

stone. Limestone breccias within this formation have been
dated ss probably Cenomaniasn in age.
Conformably overlying the Tutu formation is the Tor=

tola Formation of middle Eocene age. Thig formatlon is sub-~

divided into three members: the Hans Lolllk augite-andesite

brecclia member,; the Sage Mountaln member consisting of pyrox-

ene-free andesite brecclas and volcanic sandstones, and the
Shark Bay member which consists of pyroxene-free andesite
breccias and tuffs with sbundant glass fragments, and includes

a limestone lentll, the Mount Heazlthy Limestone. These pyro-

clastic rocks were derived from at least three cones and were
deposlited on a northward sloping surface,
Overlying the Tortola formation in apparent conformity

ig the Necker Formation, of poessible middle Eocene age, which

congists of welded tuffs, brecclas,and tuffs, all of which
contaln free quartz. This formation ineludes fragments of
granitic rocks derived from the bathelith and thus post-dates
the intrusion of the batholith.
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The eastern portion of the area is underlain by a

compesite batholith, the Virgin Gorda Bathollth, of probable

middle Focene age. The rocks wlthin it vary systematically
from olivine gabbro to granite with the bulk of the batholith
being dliorite, tonallite and granodiorite,

Following the emplacement of the batholith the Virgin
Island group was deformed into a northward dipping homocline,
in many aress overturned, wlth an spproximate east-west axis,
This has subsequently been further deformed by northwest-
trending dextral and northeast-trending sinstral strike-glip
faults and by north-scuth faults with both normal end strike-
slip components. This faulting probably saccompanied the de-
velopment of the Anegada trough., Near surface intrusives
were emplaced during this faulting and are characterized
by quartz-andesine and andesline-hornblende porphyrites,

All the rocks in the British Virgin Islands have
undergone contact metamorphism by the bathollith, varying
in intensity from the zeolite faciles to the pyroxene-horn-
fels facles. Shearing and dynamo-thermal metamorphlism are

also present in the lower portion of the sectlon.



INTRODUCTION

This thegls presents & geological description and
snterpretation of the British Virgin Islands.

The British Virgin Islands consist of about forty
small islands totaling about 65 square miles spread over an
area of about B80C square miles, the largest of which are Tor-
tola, Virgin Gorda, Anegada, and Jost van Dyke. These are lo-
cated at the Junction of the Greater and Lesser Antilles and
(1) provide Iinformation concerning the relations between these
ehains of islands, (2) provide a well exposed yet relatively
mildly deformed and contact metamorphosed section of Cretaceous
through Eocene pyroclastic and zedimentary rocks, and (3) af-
ford excellent outcerops of a composite quartz diorite batholith
and 1ts associated contact metamorphic rocks.

The field work was carried out during thes summers of
1958 and 1959. A total of 28 weeks were spent 1ln the area with
a distribution among the various islands as follows: Tortola
and neighborilng small lslands, 15 weeks; Jost van Dyke, 1 week;
Virgin Gorda and vicinity, 7 weeks; wlth the other small islands
accounting for the remaining five weeks. Approximately z week
was gpent 1n the American Virgin Islands in correlating the
Work of Dormelly (1959) with the present work and another week

was spent on the Cretaceous and Eocene voleanics in Puerto Rico.



A base for field mapping was provided by aerial photo-
graphs loamned to the author by the Brltlsh Virgin Island gove
ernment. These were on several scales varying from 1/5,000 to
1/30,000. The field data recorded on these was Lransferred to
topographic sheets (1/25,000 scale) provided by the Director-
ate of Overseas Survsys in the fall of 1959. These in turn
were compliled and reduced to a final map scale of 1/40,000
(&ee Plate 1),

Exposures throughout the iglands vary from excellent
orn the ¢liffs along the shores to extremely poor in the brush-
covered interior. As a result most of the observations were
made along thé shoreline and along the few wellnused trails
in the interior. BRoad cut exposures are non-sxlstent except
in a few places along the southern shore of Tortola. Be=
cause of the lack of exposure away from the shors, as well
as the general similarity of rock types, very few units could
be traced inland more than a few hundred feet. As & result
many structural problems were left unsolved and the struc-
tural interpretation shown 1ls only a best guess.

Laboratory study of about 350 of the nearly 1,000
field samples was made with the facilities and equipment of
the Geology Departmeént at Princeton University. Petrographic
and mineralogical descriptlons were made of some 250 thin -
sections, 1ncluding 77 Rosiwal analyses of about 1,000 points
each on the granitic rocks. In addition to the thin section

slides; x-ray studies were made of about 100 of the fine



grained volcanic and metamorphic rocks. Polisgshed sections were
made for study of the opague minerals in each of the major
granite rock types.

an attempt was made to use x-ray peak intensity for
general mode of many of the very fine grained intrusive and
extrusive rocks, Feldspar compesitions were determined by
measurement of Nx on suitably orlented grains removed from un-
covered thin sectlons where precise composition seemed neces-
gsarys and by use of maximum extinction angles, optic sign and
2V where a lesser accuracy seemed sufficlent. 1In addition
an estimate of the plaglioclase composition of the fine grailned
pyroclastics was made by using the spacing of the (131),(131)
peaks after a calibration curve had been prepared from plagilo-
clase whose composition had been determined by olls from
coarser grained rocks of similar origin. The composition of
the pyroxenes was determlned by measurement of Ny and 2V after

the method of Hess (1949),
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Previous Work

The earliest geologlcal work in the islands was done
by William Maclure (1817). He pointed out the general NW-SE
strike and dark color character of the rocks. He states (Kemp,
1926, p. 7}t "The rocks consist of a variety of aggregates
regsembling the transition (Paleczoic), some of which when fresh
have the appearance of hormblende rocks. . . ." The first
gomprehensive work on the British Virgin Islands was that of
Bobert H. Schomburgk (1837} who glves a remarkably accurate
and penetrating account of the general geology of the islands,
including some comments on thelr origin that showed much in-
sight, consldering the status of geology in 1837. Most of the
rock types described by Schomburgk were found by the present
author, but many of his descriptions are incorrect in the light
of our current knowledge of petrology.

The next significant contribution to the geology of
the British Virgin Islands was made by Per Teodor Cleve (1871)
who studied the Virgin Islands in detail in 1868 and 1869.

Cleve was the first to describe the andesitic volcanic rocks



in detall. He also correctly dated some of them as Creta~
ceous in age, Another major contribution he made, 1ln addi-
tion to his geologic interpretation, was six chemlcal analyses
of the various granltic rock types on the islands. These

have been used in this thesis.

Cleve (1881l) was the first to mention a synclinal
fold in the Virgin Islands with its axis running approxi-
mately east-west between S5t. John and Tortola. He states:

The Cretaceous formation . . . conslists . . . of

volcanlc rocks, often stratifled and assoclated

with large eruptive masses of a light colored

diorite. » . » Thelir strike 1s generally east to

west and their dip very strong, which proves

that they have been elevated and bent by a great

pressure, scting from north or south. . . « On

studying in detall « » . I found . - . & synclinal

fault [foldl* . . . in the continuation of Sir

Francis Draket®s Channel.*
He belleves this deformation to have begun in the Turonlan,
to have continued into the Eocene and to have ceased by the
Mlocene.

3ome twenty years after Cleve's descriptive and chem=

ical work in the islands HSgbom (1905} published petrographic
desecriptions of the malor rock types reported by Cleve. The
location from which many of these came is uncertain, however,
and little use can be made of these descripftlons.

In 1924 I, W. Barle, who was at the time the British

government geologist of the Leeward Islands, publisghed a more
complete and up to date paper on the general geology and

*Brackets by author; apparently Cleve used the German
word faulte for fold instead of the English word.



structural history of the Britisgsh Virgin Islands. In this
paper he elaborated on the petrographlc work done by HSgbom
and presented a more coherent synthesis of the geology of the
islands. Nevertheless, many areas were not visited or other-
Wwise studled, and he attempted 1llttle or no interpretation of
his additional information.

In 1926 Kemp reviewed the geology of the Virgin Islands
but added 1ittle new information. At the same time Meyerhoff
dliscussed the physiography of the group of islands and pointed
out several interestling geomorphic features that are probably
controlled by major structural breaks.

In addition to the above mentlioned men many other
geologlsets have visited the islands briefly and have publisghed
short papers and notes on them. The most important of these
are Hovey {1839), Hormbeck (1840, 1846), Knox (1852), Quin
(1907), B8ggild (1907, 1908), Vaughan (1916, 1919, 1923), Lo-
beck (1922), Kemp (1923), Davis (1924, 1926).

Donnelly (1959) made a thorough study of the geology
of the American Virgin Islands and frequent reference will be
made to his work throughout this paper.

The most recent published work in the British Virgin
Islands 1s Martin-Kaye's study of the bedrock geology and its
relation to water supply problems. A brief summary of this
work was published in 1960, In addition to this published re-
port, an unpublished report was made by Martin-Kaye to the Ad-
ministrator of the British Virgln Islands concerning the gen-

eral geology of the lslands.



Geography and Physiography

The British Virgin Islands are located in the north
eastern Caribbean Sea between Latitude 18°18°N and 18°45°Y
and Longltude 64°199%W and 65°52*'W. These islands can be
divided into four geographic {(and geologlc) groups which are:
(1) Anegada, a flat i1sland aboul 10 miles north of Virgin
Gorda; (2) Virgin Gorda and neighboring islands of Necker,
Prickly Pear, Mosquito, Eustatla, and Fzllen Jerusalem;

(3) a southern chain of islands between Virgin Gorda and St.
John, namely, Bound Rock, Ginger, Cooper, Salt, Peter, and
Norman; and (4) Tortola and its satellite islands of 'Guana,
Great Camanoce, Little Camanoe, Beef,; Scrub, Frenchmans Cay,
Little Thatch and Great Thatch. The fourth group can also be
considered to contalin Jost van Dyke and surrounding islands
even though they are a consilderable distance away since they
are both geologically and geomorphically very similar to Tor=
tola., 1In addlition to the larger islands mentioned above there
are many smaller islands varying from hardly more than a rock -
above the waves to islands of several acres.

The vegetatlon of the islands is gqulite varlable,
varying from dense forests resembling the drier raln forests
of Puerto Rico to a sparce ground cover of cactus and small
thorny brush much llke that found in the Scouthwestern United
States. There 1s a noticeable difference in temperature and
humidity, and thus vegetation, between east and south facling

slopes and those facing north and west wlith the latter being



more dengely overgrown and also belng warmer and more humid
since they are exposed to the sun but not to the trade winds
that come from the east. The type of vegetation, and its
direct effect on quality and number of exposures can be di-
vided into three zones: (1) above about 1,300 feet there is
heavy forest with little or no undergrowth and thus exposures,
though poor, are moderately easy to find; (2) heavy, dense
thorny brush below an elevation of 1,300 feet and above 100
feet to 400 feet (north and west slope and east and south
slopes, respectively}, wlth very few outecrops and extremely
slow traversing; and (3) a zone between sea level and 100 to
400 feet in which the most noticeable plants are cactus and
very thorny low brush--this part of the slope has numerous out-
crops but their observation is & very painful process and thus
they were not exploited to the maximum extent. The equilibrium
of these three zones has been disturbed by recent farming and
ln some areas considerable overlap ls presgent.

Inasmuch as Méyerhoff has discussed the physiographic
development of the Virgln Islands in conslderable detail only
& short review will be given here,

The British Virgin Islands are an eastward extension
of the Greater Antillleg located along the axis of a long welt
on the seafloor. The Puerto Eilco trench lies a hundred miles
to the north and the Anegada trough, with a minimum depth of
over 1,000 fathoms, lles a few miles to the south and east.

The islands are located on a broad platform with a

maximum depth of less than 35 fathoms and several well developed
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surfaces of lesser depths. The islands rise above this plat-
form to a maximum elevation of 1,710 feet. Many of the ls-
lands are woderately rugged or even mountainous with about
50 percent of the shoreline consisting of cliffs 10 to 250
feet high. An example of one of the more rugged lslands 1s
Jost van Dyke. The center of thls island is about 4,000 feet
wlde, yet 1ts maximum elevation at this position is 1,070
feet. Tortola 1s the most rugged of the Virgin Islands and
also has the greatest relief. Much of the western half of the
island 1s above 1,000 feet and many of the slopes are in ex-
cess of 30 degrees.

Meyerboff recognizes a three cycle erosional history.
The oldest surface i1s between 900 and 1,200 feet above sea
level; the second and third surfaces are at elevatlons of
225 ta U450 feet above sea level and at 100 to 180 feet below
sea level, respectively. These three surfaces are thought by
Meyerhoff to have been formed entirely by subaerial processes
with wave action having very litfle effect., This is not be-
lieved to be the case by the present suthor for there are in-
dications of pronounced wave cutting along the present shore-
lines {See Fig. 1). Moreover several of Meyerhoff's submerged-
erosional surfaces are belleved to be coral banks and not an
erosional surface.

An interesting ridge suggesting growth of a coral
reef durlng the late Pleistocene rise of sea level isg that

along the northern edge of the Anegada trough, This submerged
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Figure 1. Aerlal photograph of Dead Chest Island
snowing a wave-cut surface in the lower right cor-

ner and a prominent heach ridge in the upper lefi
corner.
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ridge at a depth of 11 to 20 fathoms (See Plate 2) is contin-
uous from & point 8 miles south of the eastern end of St. Thomas
to a polnt east of Virgin Gorda where it merges with the reef
extending south from Anegada; a total length of more than 50
miles. To the south the depth of water increaszes very rapidly
to = depth of over 1,000 fathoms; to the north the water depth
lncreases to 30 to 35 fathoms and then rises again to an average
depth of about 16 fathoms in the vicinity of the islands.

Even though the author believes that the Virgin Island
platform may have been developed predominately by wave action
during lowering of the sea. level in the Pleistocene, it must
have been above 3eza level for some time for there is a well
developed stream drainage pattern on the detalilled bathymetry
of the piatform. Areas of less resistant rock have been weathered
to broad (now submerged) valleys with a predominant east-west
orientation., The controlling feature for the development of
these valleys appears to have been the presence of large bodlies
of granitic rock that weathered more rapidly than the surround-
ing amphibolites and skarns of the contact zene.

One of the more prominent physlographic features 1is
the northwest-southegst trend of shorelines and ridges whlch is
not controlled by lithologic variationg gas the strike is nearly
eagt~-west. The most probable explanation of these features is
that this 1s the orientztion of & major fracture or fault set.
Abundant fractures or faults with this orientation are seldom

seen, but this may in part be due to the fact that they are
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sufficiently weathered to make their recognltion on a small
scale very difficult. The latter 1s born out by the fact that
outcrops tend fte be very poor wherever there is a prominent
northwest trending topographic low.

The shoreline of the islands 1is quite irregular, con-
gsisting of alternating ¢liffs and coves, some of which have
very nice sand beaches. As mentioned above, about 50 percent
of the shoreline consisfts of cliffs varying in height from 10
to 250 feet; these are most pronounced along the north shore
of the northerun islands and along the south shore of the south-
ern 1slands. The eastern shore of Virgin Gorda is also very
precipltous. The cliffs have developed or at least been ac-
centuated by wave erosion, with most of the eroslon taking
place during times of heavy swells, known locally as "ground
seas," which occur most frequently during the winter months
and may last for several days before subslding. This swell
at times has amplitudes of over 12 feet and in many places it
may break as high as 150 feet up on the c¢liffs. Very little
of the energy in the wave 1 expended prior to reaching the
¢liff face since most of the ¢liffs continue below the water
to & depth of 40 to 70 feet.

The coves along the exposed shore of islands normally
consist of gravel or boulder beaches with no gand present un-
less there is a reef offshore both to provide the sand and to
provide a small barrier to prevent the storm waves from remov-

ing the sand so readily. Along the more protected coasts
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sand beaches have developed in most of the coves. The sand
consists for the most part of shell and coral fragments with
some quartz or feldspar in areas of granitic outcrops. The
reefs which usually protect the sand beaches from storm waves
appear to have developed as & result of both the growth of coral
and the accumulation of detritus removed from the neighboring
cliffs., This material removed from the cliffs is often com-
bined with large broken fragments of coral and accumulated into
beach ridges up to 20 feet high. Notable examples of this type
of beach ridge are at the southern end of South Sound; Virgin
Gordaj; at the southern end of The Sound, Salt Island (See Plate 3)%
and slong the north shore of Dead Chest (See Fig. 1)

Numerous reefs, composed of several species of c¢oral,
four of which are prominent reef framework builders, are present
throughout the islands and provide not only excellent examples
of the development of fringe reefs but also provide good harbors
in some places, while in others they provide no more than a
serious obstacle to navigation. Many of these reefs form a
barrier at a considerable distance from shore and thus they
often form a deep {(up to 25 feet), moderately well protected
harbor. These reefs apparently began to grow during the latter
part of the eustatic rise in sea level after the Wisconsin Glz-
clation and have continued to keep pace with this rise to the

nresent day.
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GENERAL GEOLOGY

The Virgin Islands are the erosional remnants of a
thick section of deformed pyroclastics which were deposited
onn the northern slope of a geanticlinal rise. The major epi-
sodes of velcanic aotivity were:s Pre-Cenomanian, Cenomanian
to Turonian, and Middle Focene.

The earliest eplsode of volcanice activity deposited
the Water Island sequence of spllites and keratophyres which
underwent mild folding and erosion prior to the deposition
of the Virgin Island group which includes the Cencmanian to
Turonian, and middle Eocene volcanic seguences,

The Virgin Island group has been divided into five
formatlions, namely: the Louisenho} formation {(up to 15,000
feet of zugite andesite pyroclastics), the Outer Brass lime-
stone {up to 600 feet of siliceous limestone), the Tutu forma-
tion (up to 6,000 feel of volcanic wackes with two limestone
members), the Tortola formation (about 20,000 feet of andesite
and augite-andesite pyroclastics), and the Necker formation
{over 6,000 feet of andesite pyroclastics). The Tortola forw
mation, of middle FBocene age, has been subdivided into four
members based upon lithologic differences.

Following the deposition of the Tortoia formatlion a

compesite diorite to granodiorite batholith was emplaced in
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in the eastern portion of the area. The emplacement of the
batholith accompanied or slightly preceded the deposition of
the Necker formation which is of middle or post-middle Eocene
age.

In peost=-miidle Eocene time the area was sharply tillted
to form a northward dipping homocline which is overturned through-
out much of the area. The strike variles from N65W to N55E with
the most common strike belng about N85W. Dips vary systemati-
cally south to north from 553 (overturned) to 70N except in the
northernmost exposures of the Necker formation where dips of
20N to 40N are the most common. The batholith has been rotated
to about the same extent. Additional deformation of about 20
degrees about a north-south axis took place in post-Miocene to
pre-Recent times as evidenced by a calcarenite 1n Rogue®s Bay.

Faulting, both normal and strike slip, followed the
deformation and was probably related to the development of the

Anegada trough.
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STRATIGRAPHY

Intreoduction

The stratigraphy of the Virgin Islands has been dis-
cussed by several workers, notably Vaughan (1923) and Donnelly.
These works have not included the British Virgin Islands and
thus only form a guide for the present work zs discussed below.
The work of Donnellyin the American Virgln Islands established
a stratigraphic sequence that, with certaln modifications, seems
to be valid for the British Virgin Islands and thus his nomen-
clature will be followed for the most part.

The stratigraphic section will be discussed as a com-
posite section of all the islands, however this involves serie
ous problems of correlation between widely separated islsnd
groups. This method 1s used because 1t enables a closer com-
parison with the section of Donnelly since the change in char-
acter of the sediments along strike is much easler to follow
and understand.

Serious difficulty in correlation between isglands, or
even between opposite sides of a point arises because of the lack
of reliable distingulshing features in the pyroclastics of ap-
proximately the same composition. In additicon to the fact that
there are few differences between rock types the recognizable

units are very lenticular and change very rapidly along strike;
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for example, several apparently mappable unlts, such as volcanlc
sandstones, were observed to disappear or became indistinguish-
able from the surrounding units within less that 3200 yards.

In spite of these difflcultles a2 stratigraphic sew
quence can be established (Fig. 3) that can be recognized and
used in the field interpretation of structural problems. This
section is based on the more general aspects of the rock units
and allows considerabvle internal variatlion,

The only terminology in need of explanation is the
use of the term reworking. Unless otherwlse stated this term
15 used to convey the ldea that originally subaerlally depos-
ifted material has been transported, abralded, and in some cases

sorted, in a dilute water suspenslon,

Summary of the Stratigraphy of the British Virgin Islands

The coldest unit in the zarea is the pre-Cenomanian
Water Island formatlon described by Donnelly. It consists of
interbedded keratophyre flows and breccias and spilite flows
which have subsequently been intruded by keratophyre plugs.
The formation crops out along the scuthern shores of the Virgin
Islands; in the British Virgin Islands on Peter, Norman, 3alt
and Coopef Islandss Its maximum thickness is in excess of
15,000 feete.

Overlying the Water Island formatlon wlth a marked
angular unconformity 1s the Virgin Island group described by

Dommelly. Thils group consists of four major units: the
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Loulsenho] formation composed of 200 to 14,000 feet of auglte
andeslite brecclas and tuffs with a discontimuous conglomerate
member at the base; the Cuter Brass limestone, varying from 200
to 600 feet in thickness, consisting of a fine grained, dark
grey, 8lllicified, radiolarian-bearing limestone with a few
(10%T) interbedded fine grained tuff lenses; the Tutu formation
which comprises tuffaceous wackes (6,000'+), limestone and vol=-
canic megabreccias and a H00I foolt gastropod bearing limestone,
the age of which 1s Cenomanlan; and the Hans Lollik formation,
now considered part of the Tortola formation, conslsting of a
maximum of more than 10,000 feet of auglte andesite brecoias
and ;uffs of probably Eocene age.

In addition to the Virgln Island group as defined by
Domnelly, two other formations are presemt. These are: the
Tortola formation of middle Eocene age having a maximum thick-
ness of about 20,000 feet which includes both pyroxene and non-
pyroxene bearing silicified andesite breccias (of which the Hans
Lollik formation of Donnelly is consldered a member) and tuffs
of a light green color; and the Necker Formatlion ¢of middle Eo-
cene or younger age couslsting of light green to tan brecclas,
tuffs and a few volcanlc sandstones, all of whlch contaln free
quartz, and having a maximum thickness of more than L,500 feet.

The thickness of sediments in any one section is not
the compogite thickness of several partlal sections, which would
be in excess of twelve miles. Instead, it 1is probably something

In excess of five miles



WATER ISLAND FORMATION

Introduction

The Water Island formation of unknown age was named
by Donnelly and consists of keratophyre flows, brecclas and
tuffe interbedded with spilite flows and local radlolarites.
The type locality 1is along the shores of Water Island, an is-
land of about one square mile at the entrance to Charlotte
Amalie harbor in 3t. Thomas, American Virgin Islands.

In the British Virgin Islands thils formation 1ls ex-
posed along the shores of Cooper, Salt, Peter and Norman Is-
lands and neighboring small Cays and rocks. The exposures
generally are excellent slong the shore but are very poer
inland. Thus most of the work on these 1slands was confined

to a narrow belt along the shore.

Descriptlon

In the excellent exposures at the type locality along
the shore of Water Island and on numerous other points of
southern St. Thomas and 3t. John, the Water Island formation
is predominately light tan to reddish brown keratophyres in-
terbedded with thin flows of dark green to almost black spil-
ites. The total stratigraphic thickness threoughout St. Thomas
and 3t. John appears to be 1n excess of 15,000 feet, although

no ohne econtinuous section of this thickness has been observed.
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In hand specimen a fresh quartz keratophyre is dark
grey in color and except for the large (3 mm) beta quartz pheno-
crysts it 1s very fine grained. Normally a flow banding is
present but this may be very obscure unless weathering has ac-
centuated 1t. Most specimens are weathered to some degree which
produces a llght ten to reddish brown stain throughout the rock.
The mineralogy of the keratophyres is quartz (phenocrysts) and
albite {as both phenocrysts and small laths) with accessories
of magnetite, chlorite, hematite and/or pyrite. Micas may be
present in small amourdts but these are probably an alteration
product from original glass.

In hand specimen. the spllites conslst of a fine grained
green mineral (chlorite) with a few phenocrysts of plagicclase
and augite. Amygdules are common but not present in all speci-
mens. Little or no texture is to be seen. When observed under
the microscope tThe rock is seen to consist of a few plagioclase
(labradorite or labradorite replaced by albite) and auglte pheno-
crysts surrounded by a groundmass of chlorite, albite laths,
and magnetite. The amygdules contain quartz, calcifte,; prehnite,
and epidote. Many specimens contaln irregular patches of epi-
dote.that appear to have been formed deuterically.

In the British Virgin Islands, in contrast to the Amer-
ican Virgin Islands, the formatlion has undergone greater meta-
morphism. The rocks describeﬁ above are now amphibolites and
quartz mica schists. This 1s true of the whole sectlon except

for one intrusive keratophyre plug that does not appear to have
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reacted to the metamorphlsm, 1lts only changes having been frac-
turing with the formation of a very few flakes of sericite
along the fractures and the additlon of fine gralned silica to
the rock giving it a "sugary” appearance on a freshly broken
surface.,

Inasmuch as these metamorphosed rocks are no longer
recognizable as spilites and keratophyres, except for their
stratigraphic position, thelr petrography will be discussed

in the sectlion on metamorphism {(page 132).



LOUISENHOJ FORMATION

Introduction

In the southern part of the British Virgin Islands on
Salt and Cooper Islands some amphibolites contalin very elongate
fragments of keratophyre resembling stretched cobblss in a
conglomerate interbedded with normal breccla units. Since
keratophyre pebbles are known elsewhere only in the Cabes Polnt
conglomerate lithofacles, of the Louisenho) formation {Donnelly,
p. 59) this part of the section has been correlated with the
basal part of the Loulsenho} formation. However, it may be a
basal conglomerate that developed locally at the base of the
Tutu formation which is less than 2,000 feet (stratigraphically)
above the keratophyre pebble-~bearing member.

Exposures of this unit are not very goecd. The only
definitive exposures occur along the western shore of Cooper
Island for an interval of about 2,000 feet, part of which is
covered and part of which l1s an intrusive body. Some metamor-
phic rocks with unusual mineralogy occcur ln an equivalent posi-
tion on S8alt Island but the keratophyre pebbles were not recog-

nized.

Bescription

At the type locality near Loulsenho] on the hlll above

Charlotte Amalie, St. Thomas, the Loulsenho] formation consists
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of as much as 15,000 feet of coarse auglte~andesite brecclas
interbedded with finer tuffs. This unit thins both eastward
and westward and has a thlckness of near 4,000 feet on eastern
St. John. Conslderable evidence of slumping and flowage of
the units is present suggesting that it may have been origin-
ally deposited on an unstable slope. The basal contact shows
a moderate angular unconformity with respect %o bedding in

the Water Island formation and locally is marked by a well
developed conglomerate, the Cabes Point conglomerate, consist-
ing of keratophyre and spilite clasts. These are moderately
well rounded but not size sorted and probably represent a
beach deposit much like those seen along some of the present
shores. The upper limit of the formation is the Outer Brass
limestone. The break in deposition between the Loulsenho}
formation and the Outer Brass llmestone 1s sharp with no mix-
ing where exposed on 3t. Thomas.

In the British Virgin Islands the thickness and the
very exlistence of the unit is somewhat in doubt as was men-
tloned above. At the southern extremities of 3alt and Cooper
Islands the rocks are definitely equivalent to those of the
Water Island formation. Proceeding northward on Salt Island
{Plate 3), one continues to be in the Water Island formation
until the intrusive occupying the narrowest portion of the
island is reached. North of the intrusgive the rocks are in
general amphibolites (see descriptions $-32 and S-20 under

metamorphism for detalls), but no longer are interbedded with
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metamorphosed keratophyres and are generally coarser grained
than those derived from spilites. However, the texture of a
meta-breccia was never observed.

At the northern edge of Salt Island, particularly on
the esastern and westernmost points, one encounters amphibolitic
schigts, graphitic schists, and a unit that appears to have
been a2 calcareous tuff or breccla (now garmet, diopside, horn-
blende and calcic-plagioclase). This is most likely equivalent
to the Coki Point megabreccia lithofacles of the Tutu formation
but might be an equivalent of the graphitic Outer Brass lime-
stone. However, thishlimestone is gquite thin on the northefn
shore of St. John (in comparison to its thickness on St. Thomas)
and has probably been entirely eroded away in the vicinity of
Sg8lt Island. This view 1s further supported since the Outer
Brass limestone 15 nowhere observed to contain appreciable vol-
canic material and the development of the rock observed on Salt
Island would require a conslderable amount of volcanic material.
Furthermgre,'it may have been a breccia, i.e., garnet and diop-
slde occur in patches resembling in outline some of the breccila
fragments seen in the Cokil Polnt megabreccia, and thus the con-
clusion that it is not equivalent to the Outer Brass limestone.
This in turn leads to the conclusion that there 1s no direct
evidence that any portion of the Loulsenhoj formatlon exists
on Salt Island since all of the rocks seen can be assigned to
elther the Water Island formation or the Tutu formation, On

the other hand some of the section, not more than 500 feet,
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could possibly belong to the Loulsenhoj formation since 1t
really has no exact equivalent in the Tutu formatlion or the
Water Island formation.

On Cooper Isgsland one finds much the same problem
slnce the same intrusives obscure much of the section and the
only three definitive rock types are the “calcareous breccia,"
the stretched keratophyre pebble conglomerate and the Water
Island formztion of Interbedded amphibolites and mica schlsts.
However, one addltionzsl piece of information 1s present,
namely, the Congo Cay limestone can be ldentified about 900
feet stratigréphically above the calcareous breccla and this
is about what one would expect 1f the latter were egulvalent
to the Cokl Point megabreccla lithofacles. The first appear-
ance of keratophyre pebbles 1s 1,000 to 2,500 feet strati-
graphically below the calcareous breccla, the uncertainty
being due to a sill.like intrusive having a thickness of
about 1,500 feet, The keratophyre-pebble«bearing conglom-~
erates are interbedded wlth metabreccias of the Loulsenho]
type and also with amphlbolites probably equivalent to the
finer tuffaceous units in the Louisenhoj. This sequernce
continues for nearly 2,000 feet (stratigraphically) along
the southwestern shores of Cooper Island. The southern-
most point of the island is agaln interbedded meta-kerato-
phyres and amphibolites. A strongly disturbed zone of vari-
able attitudss and lithology forms a contact zone of about

500 feet in thilckness. This probably represents a slumped
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megabreccia, of probable landslide origin, of both Water Isgland
and Loulisenho) lithologies.

The conglomerates are interesting in that, slthough
very strongly deformed, three distinct textural and composi-
tional varlants can be recognized., These are spilites (con-
taining amygdules), keratophyre fragments, and cobble sized
clagts having much the same sppearance as contact metamor-
phosed fragments from the Loulsenho) or Hans Lolllk formations
as exposed in the American Virgin Islands. This, and the fact
that the conglomerates are interbedded with amphibolites and
more usual non-Keratophyre bearing brecclas suggests that
these were all deposited in Loulgenho) time and that the Water
Island fragments represent the coarse clastlics derived from
a nearty high on the pre-Louisenhoj surface. If it is true
that these c¢oarse materlals were partially derived from a
nearby high, then one might expect an appreciable angle of
repogse to have developed much like those associated wlth shore-
line conglomerates of today. This seems To be the case in
that dips in this section are about ten fto twenty degrees
steeper than those in the overlylng fine grained materlal or
than in finer material along strike, although an observation
such asg this should not carry much weight since the sectlon
has been rotated through at least 120 degrees durlng later
deformation.

The above observations and arguments provide a pic-

ture of the depositional environment of the Louisenho] formation.
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Since no structural complications of more than a few hundred
feet can be seen post-intrusives and no evidence has been
found for pre-intrusive structures it is assumed that the
observed thlckness on Salt and Cooper Islands are both acg-
tual. This implies a thickening of over 1,500 feet in about
a2 mlile along strike as well as a marked facles change. Thie
requires a 25 percent slope (minimum} on the original deposi-
tional surface. The presence of the mega~brecela moreover
suggests considerably greater rellef. Thus the Louisenho}
formation is thought to have been deposited upon a surface

of considerable relief, with the andesitic volcanies having
been deposlted over most of the surface and subsequently
transported short distances, by slumping or stream transport,
to local basins of depositlon. These depositional sites
were moBt likely sub-aqueous at least part of the time since
the conglomerates show some degree of sorting; they are also
rounded but thils could be only apparent rounding due to

stretching during metamorphism.

Petrography

The petrography of the original rocks has been ex-
tensively altered and little, if any, of the original tex-
tures or mlneralogy survived the metamorbhism. As a8 result
these subjects willl be discussed under metamorphism where
it will be more obvious that any original microscoplc texa-
tural relations are mostly guesses. Likewlse the mineralogy
will also be dlscussed under metamorphism as all of the min-

erals appear to have been formed during metamorphism.



OUTER BRASS LIMESTONE

Introduction

A marked depositlional change occurred at the end of
Louisenho) time. DMost of the islands appear.to have been
submerged, posslbly several hundred feet, and a carbonaceous
radlolarian bearing limestone was deposited. Volcanlic erup-
tlons in the area seem to have subslided or stopped altogether;
the only volcanic sdditions to The limestone were fine grained.
The limestone varies from 0 to 600 feet in thickness and 1is

named Tor its typlcal exposures on Outer Brass Island north

of 3t. Thomas.

Degscription

At the type locality the Outer Brass limestone con-
sists of about 600 feet of thin bedded, dark grey, carbona-
ceous limestone with numerous radiolarian tests. A few flne
grained tuff beds are present but at no place do they amount
to more than ten percent of the unit..

To the east the unit becomes thinner and is appar-
ently missing in the vicinity of Salt and Cooper Islands.

In the vieinity of Mary Pt., St. John, wollastonite i1s devel-

oped in the limestone near the contact with the Narrows

pluton.
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The formation i1s nowhere exposed in the British
Virgin Islands ard, since exposures are present in the in-
terval in which it should occur, it probably never was de-
posited in the British Virgin Islands. However, 1t could
have been removed by eroslon prlor teo or during part of

Tutu time since the Tutu section is =slso thin.



TUTU FOBMATION

Introduction

The volcanic wackes outcropping along the north
shores of St. Thomas and St. John and on the 1slands just
offshore were designated as the Tutu formatlon by Donnelly.
These rocks are also present on the western portion of Tor-
tola. In addition to the major lithology of the unit, two
marked varlants occur in the vicinity of the type sectioq.
These are the Cokl Point megabreccia lithofacies, named by
Donnelly for its typical development in the vicinity of Coki
Point, St. Thomas, and the Congo Cay limestone, named for its

type locality on Congo Cay, north of St. John.

Description

At the type leocality the Tutu formation apparently
lies conformably on the Outer Braseg limestone and consists of
thin bedded fine grained tuffaceous wackes Interbedded with
coarser grained materials of about the same character. Graded
beddlng is present in the finer units but is reported to be
absent from the coarser units., Considerable variation 1is pres-
ent in both size of material, varying from silt to cobbles,
and in thickness of individual beds, varying.from less than an

Inch in the finer wackes to more.than thirty feet in conglom-
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eratic units. Numerous fragments of limestone and of under-
lying beds are incorporsted in the finer sedliments suggest-
ing the presence of currents capable of carrying large frag-
ments of material originalily formed or depesited nearer to
the shore. Slump structures are present showing transport

to the north and lndicating deposition on a northward sloplng
surface. Donnelly has suggested that this deposit was formed
from reworked material transported by turbldity currents and
deposited on a gently sloping surface in moderately deep
water (several hundred feet).

The Coki Point megebreccla consists of large (some
greater than 100 feet long) blocks of shallow water lime-
stone mixed with andesitic volcanics (of.possible flow orlgin)
and tuffaceous wackes of the surrounding Tutu formation.

This unit is belleved to have been formed by landslide slump~
ing of nearshore and subaerlal deposits into the deeper water
characteristic of the depositlonal site of most of the Tutu
formation.

The second distinctive rock unit in the Tutu for-
mation is the Congo Cay limestone which is now a coarsely
crystalline, fetid marble.at all exposures in the Virgin Is-
lands. A few megafossil molds have been recognized but
preservation 1g so poor that accurate identifilcation is. im-
possible. The unit varies somewhat in thickness with the
usual thlckness being about 400 feet in the western portion

of Tortola.
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In addition to the 6,000% feet of section described
by Dounelly and reviewed above, there are on the western por-
tlons of Tortola about 3,500 feet of similar rocks not present
in the American Virgin Islands. Although most of thls sectlon
is moderately metamorphosed (amphlbolite facies) some of the
original sedimentary characters of the rock are present and
will be described below.

A sectlon about 1,500 feet thick is exposed strati-
graphlcally beneath the Congo Cay limestone in the British
Virgin Islands that 18 not exposed in the American Virgin Is-
lands. However, this section has undergone 2 high degree of
metamorphlism and very few of the original sedimentary features
can be recognized. Most of the exposures are now garnet-diope-
side-caleite rocks which, of course, have undergone complete
recrystallization. Interbedded with these are hormblende
hornfelses and quartz blotite schists suggesting that the orig-
inal section was an 1nterbedded sequence of calcareous and
silicious tuffaceous wackes having a considerable range of
composition.

The unit about 500 feet in thickness immediately bhe=-
neath the Congo Cay limestone consists of fine grained, thin
bedded amphibolites with calcareous tuffs and thin limestones(?).
In about the middle of this unit (about 200 feet below the
Congo Cay limestone) is a chiastolite-bearing graphite schist
varylng in thickness from fifteen to thirty feet. Loecally

more than one of these graphite rich units may be present.
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Chiastolite is not present at all localities nor is the
amount of graphite present constant, varylng from near one
percent to as much as forty percent in samples of hand speci-
men size. Thils graphite riclh zone probably represents a
sWamp or lagoonal deposit behlnd a protective reef along the
margin of the remmants of the Louisenho] volcanlc cones,
probably much like gsome of the larger mangrove swamps in the
islands today. There is no evidence that volcanle activity
cceurred during deposltion of this graphitic unit as no ¢oarse
volcanic material or even feldspar crystals were recognized.
In the 2,000 feet of sectlon above the Congo Cay
limestone, the sediments are much the same except that the
center of veleanic actlvity appears to have been closer as
evidenced by the numerous thin, lenticular, breccia-like
unlts, now seen as epldote amphibolites ané hornblende horn-
felses with a breccla-like texture. It 1is possible, however,
that these are conglomerate units like those in the Tutu for-
matlion at the type locality. Most of the section is thin
bedded, fine grained and apparently well sorted volcanic
wackes or tuffaceous volcanic sandstones. No primary sedi-
mentary features were observed, other than bedding, except
in one slliceous volcanic wacke near Havers on the south
shore of Tortola. Here a weak current cross-bedding is de-
veloped in a fine grained volcanlic sandstone conslsting of
plagloclase, magnetite and a very small amount of quartz.

Minute grains of epldote or dlopside, probably dlopside, are
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also present. Thls unit has several garnet bearing massive
amphibolites .within 1t, probably representing coarse ash de-
posits, as a weak fragmental texture can be seen on a weathered
surface. Secondary reworking by burrowing organisms was ob-
served 1n one sample from near the top of the sectlon, indicat-
ing deposition in a subagueous environment for this unit.

Since thils fine gralined unlt appears to be no different than
other fine grained units in the section, 1t suggests that much
of the section may have been deposited subagueously.

About 150 feet stratigraphically above the Congo Cay
limestone is a marble unit about fifteen feet thick in which
numerous irregular amphlbolite fragments are present. These
are not bedded and are interpretéd here as being volcanic
fragments or bombs deposited in a2 lime mud. This Inference
1s further born out by the fact that they are more sbundant
near the upper surface cof the marble unit which is overlailn
by a masslive amphibolite. This is in turn overlain by thin
bedded amphibeolites. No primary structures are preserved in
this overlylng amphibolite and thus one cannot determine
whether or not they were originally lapilli tuffs or volcanic
wackes.

Beneath this thin marble are thin bedded amphibolites
which pass downward into massive to thin bedded garnet-dlopside
rocks thap‘apparently were calcareous tuffs or tuffacecus wackes.
These continue downward to the contact with the Congﬁ Cay lime-

stone and probably represent the deposition of tuffaceous or
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volcanic material simultaneously with the dying phases of
the Congo Cay bank which was evantually buried in volcani-
cally derived material, either tuffs or reworked tuffaceous
material.

In the remaining portion of the Tutu formation above
the Congo Cay limestone no limestone or carbonate rich mater-
1al was observed and, although most of the rocks are still
fine grained and thin bedded, they may no longer represent
entirely subagueously deposited material. The lenticular
character of many of the thin interbedded breccia-like units
suggests subaerial deposition, and much of the formation may
represent fine tuffs deposited to the east of the volcanic
center from which the Hans Lollik augite-andesite breccias,
with which the upper Tutu formation appears to interfinger,

were derived.

Petrography

Only one petrographic description will be given here
gince most of the thin sections no longer are representative
of the sediments but rather their metamorphic egquivalents
and as such will be deseribed under metamorphism.

T-301 In hand specimen.the sample 1s a dark grey, fine
grained metamorphosed tuff or tuffaceous wacke.

The unit ls thin bedded to laminated with a suggestion of

grading in some of the thin beds. The sample shows rework-

ing by burrowing organisms. In thin section it consists of:

Hornblende: metamorphic, possibly replacing pyroxene crys-
tals.

Actinpolite(?): fine needles developed in groundmass and in
plagioclase crystals during metamorphism.
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Plagloclase: the composition is about calecic andesine, (Anu?i5).
Magnetlite: embayed crystals.

The sample is thin bedded and has undergone metamor-
phisn equivalent to about the hornblende hornfels facies.
Very little metamorphic foliation has been developed, however
most of the original textures (other than macroscoplc onesg)
have been removed or masked by the recrystasllization accom-
penying the metamorphlism.

From the grain size, bedding characteristics (i.e.,
slight grading of thin bedded fine grained sediments), and
evidence of. reworking by bottom dwelling organisms, the rock
was deposited in water of shallow to moderate depth at a
moderate distance from a source of coarse clastic material,
No evidence of lithic fragments were seen, suggestling masking
by metamorphism or more llkely their absence to begin with.
This would support the interpretation that the depositional
environment was at some distance from the source of clastic
materials. Probably no volcanic activity was present in the
immediate viecinity during the dsposition of this unit. The
gample 1s probably best described as a fine grained volcanic
wacke.,

Depositional Environment

The Tutu formation was probably deposited along the
flanks of an active volcano or volcanie¢ chain beginning in
water of moderate depth at a considerable distance from the
nearest volcanic source. As deposition continued the water
became shallower, prohably due to accumulation of sediments,
and a2t the same time the addition of pyroclastic material or
clastlics derived from volcanics decreased. This process con-
tinued until a broad, shallow, and possibly partially sub-
aerial, platform was bullt up. At this time the carbonaceous
(now graphitic) rocks were deposited with the addition of
small amounts of strongly weathered (i.e., .highly aluminous)

material,
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Following the deposition of the carbonaceous unit
a thin sequence of tuffs or tufféceous wackes were deposlited
either subaerizlly or subaqueously. The area was then sub-
merged a few tens of feet and the Congo Cay limestone was
deposited. Very little tuffaceous materlal was added during
the deposition of the 400 feet of limestone in the vicinity
of Western Tortola, however the limestone appears to be in-
terbedded with tuffs (now amphibolites) farther east on Giuger
Igland thus evidencing volcanic activity, or poasibly only
proximity to a source of clastics, to the east of the aresa.
To the west the Congo Cay limestone 1s not exposed but the
thinness of the sectlon of fine gralned sediments suggests
either non-depositlon or at least decreased deposition. After
the depositlon of the Congo Cay limestone, elther renewed
erosion of the neighboring highlands took place or the vol-
canic centers moved closer, probably the latter because of
the amphibeolite blocks within the thin marble overlying the
Congo Cay limestone. OSome of the upper part of the formation
is probably subserial since the units are very lenticular and
beddlng is often poorly developed. To the west of Tortola
the Hans Lollik member of the Tortola formatlon may have been
deposited at the same tims as the uppermost portions of the
Tutu formation; thus the two formatlons may represent the
cone and near cone deposlts and those accumulating at the
flanks of a volcanlc cone by both reworking of the cone de-

posites and by direct airborne additions.



TORTOLA FORMATION

Introduction

Overlylng the Tutu formation i1s a sequence of about
20,000 feet of andesitic brecclas, tuffs and reworked tuffa-
ceous sediments which 1is here named the Tortola formation for
its excellent exposures on the northwestern portion of the
island of Tortola. The formation is also well exposed on
Jost van Dyke, .and the small islands surrounding 1it, and on
the southeastern shore of Tortola, although here it has been
mederately to highly metamorphosed by the Narrows pluton. In
addltion to the major lithologles mentioned above several
limestone and limestone breccia units asre present that have

yilelded foraminifera of Eocene age.

Description

The Tortola formation consists of at least four sep-
arate facies or lithologles between which there is consider-
able mixing, both vertically and laterally. For this reason
1t will be convenlent to think of the formation as consisting
of mixtures of scmewhat idealized end members each of which
represents one of these major rock types. Some of the mixtures,
however, could reasonably be consldered as valid end members

by themselves. The four end members that are seen in a nearly
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pure form in the field are: (1) brecclilas and lapllll tuffs,
(2) fine grained tuffs, (3) volcanic sandstones, and (4) lime-
stone. Actually & fifth class, volcanic flows, is present

but has not been included because 1t does not mix with the
other four.

A brief description of each of the four end members
is as follows:

{1) Breccila. Deposits termed breccias are charac-
terized by an abundance of large angular fragments and rare
bombs of pyroclastle origin incorporated in & matrix of finer
grained pyroclastic material. BSorting is very poor or lack-
ing and fragments with diameters over 32 mm constitute much
of the volume. Bedding ls very rarely present and when it
1g observed it 1s very irregular. Slumping is common and
often deforms the underiying unite and locally has incorpo=
rated large fragments of them within the maln breccia mass.

Pyroclastics with an average particle size ranging
from 4 mm to 32 mm have been termed lapilli tuffs and are
considered to be a part of the brecciaend member in that
they represent deposlts lald down near the volcanlc source
and are thus much more closely allied te the breccias than
to the tuff which may have been transported in the air for
conslderable distances before deposition.

(2) Tuff. These rocks include all pyroclastic ma-
terial finer than 4 mm that shows little or ne reworking

other than local slumping evidenced by contorted bedding. In
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thin section these tuffs comsist of accumulations of (&) angu-
lar and usually broken crystals of plagioclase or pyroxene or
{p) angular rock fragments or (c) a2 mixture of both incorpo-
rated in & fine grained microscopically crystalline groundmass
of irregular thin shard-like fragments probably representing
devitrified glass. These thin plate- or shard-like fragments
usually show a preferred crientation that i1s parallel to bed-
ding when the latter is present. Some units show an obscure
grading'which lg probably primary but may have been formed
during reworking. If the latter is the case, no other char-
acteristics of reworked sediments, such as rounded grains,
were developed. An average grain size of 1/4 mm was used to
subdivide the tuffs into coarse and fine tuffs,

(3) Volcanic sandstone. This name has bsen used for
all sediments consigting of pyroclastic volcanic materisl in
which evidences of appreciable reworking were present., The
macroscoplc evidence of reworking most commonly found were
cross-bedding, ripple marks, sorting and graded bedding when
accompanlied by other features of reworking, and to a lesser
degree development of bedding planes, especlilally evidences of
erosion of the underlying bed. .in thin section the best
¢riterion was the rounding of 1lithie or crystalline fragments,
especially when the abrasion had removed corners of zoned
plagioclase crystals. Size sorting was also used as evidence
of reworking particularly when 1ts development was marked or

accompanied by abraslon of the grains. In many of the finer
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grained sediments without large fragmenis considerable dif-
ficulty was experlenced in determining reworking and in many
cases they were called either volcanic sandstones or tuffs
on the basls of the character of the surrocunding sediments.

Several units of a conglomeratic nature were also
observed and are considered members of this facies since they
have the common denominator of having undergone considerable
reworking.

(4) Limestone. The limestones form a separate and
distinct class of very local development. They are fine
gralned and rich in slgal remalins as well as numerous foram-
inifera and a few macrofosslls, Little mixing took place he-
tween this facles and the others at the time of deposition in
that only rare clastic fragments are seen. However, after
deposition of the limestone, considerable reworking took
place as will be discussed later.

Considerable mixing between the four end members has
taken place and in several areas units were observed to change
from a nealy pure end member such as a lapilli tuff into an
end member such as a volcanlc sandstone in a few hundred yards
with the intervening ares belng elther a mixture of both end
members or else an irregular interbedded and interfingering
sequence of both end members. Where exposures are poor little
can be saild about either the average or the detalled character
of the sediments except that they are pyroclastics or reworked

pyroclastics.
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The Tortola formation, when viewed in & broader senese,
is composed of four major lithologic units, three of which
have been given member status. The two most obvious members,
based upon compositilon, are the Hans Lollik augite-andesite
brececla, which was described as a formation by Donnelly, and
the Mount Healthy limestone. The remaining portion of the
section can be divided into two parts in the field on the
hasis of color,'abundance of 1ithic 1lgpilli tuffs and strati-
graphiclposition above a thin bedded fine grsined gequence
of tuffs and volcanic sandstones, but when eilther detailed
fileld examinaticn or mieroscoplc examination is undertaken,
ne single definitive character is found that would distinguish
these two members of the formation. Part of this confusion
is due to the fact that the exposed lower portion of the Tor-
tola formation has undergone metamorphism to the hormnblende
hornfels facles and thus has lost much of 1ts detalled sedl-
mentary character, In addition the mineralogy has been pro-
foundly altered so that the composition and textures of the
original minerals have been masked or lost entirely. Never-
theless, it will be worthwhile to discuss each of these mem-
bers in detall even though their separation may not be pos-
silble in all cases.

The lower of these two members is the Sage Mountain
member which interfingers both laterally and vertically with
the Hang Lollik member. The upper member has been designated
as the Shark Bay member. It Interfingers élightly with both

the Hangs Lollik and Sage Mountaln members.



HANS LOLLIK AUGITE-ANDESITE BRECCIA MEMBER

Introduction

Although the brecclas that crop out on the islands
of Hans Lollik and Little Hans Lollik north of St. Thomas
have been described and named by Donnelly (p. 82}, additional
mapping of the British Virgin Islands by the author has shown
that breccias and tuffs having all the characteristics of the
Hane Lollik formatlon are interbedded with the tuffs and vol-
canic sandstones of the Sage Mountaln member throughout a
considerable stratigraphic interval (about 10,000 feet on Tor=
tola)., Discontinuous lenses of auglte-andesite are also pres-
ent within the Sage Mountain member and probably represent
outliers of the Hans Lollik member. On the island of Jost
van Dyke breccia units of similar character are abundant on
the southern half of the island but are present only as local
lenses along bthe north shore where they are interbedded wlth
the Shark Bay member of the Tortola formation. Since the
augite-andesites of the Hans Lolllk member are widely distri-
buted as a unit interbedded with units of different charac-
teristlcs throughout about 15,000 feet of section, it is con-
sldered to be a member of a more extensive formation which
consists of the pyroclastics derived from several cones. The
original name has been retained since there is no doubt that
the most continuous and best exposed sectlon 15 on Hans Lollik

Island and also that the petrographic character at the original
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type logality 1s characteristic of all of the studied lenses

of augite-andesite brecclas and tulfs.

Descriptlon

The thickness of the Hans Lollik member, none of
which was recognized east of Boad BHarbor on Tortola, increases
from east to west at the expense of the Sage Mountaln member
with the sum of the two siratigraphic intervals increasing
slightly to the west. TIn the vicinity of western Jost van
Dyke to the southern extremity of Hang Lollik Island massive
augite~andesite brececlas and tuffs comprise abogt elghty per-
cent of the exposed stratlgraphic section. Thils thickening,
or rapid increase in relative amount, to the west is thought
to indicate & nearby center of pyroclastic activity which prob-
ably was located very near the Hans Lolllk Islands, most likely
to the south and east. Thls center of volecanlc activity was
apparently competing with one farther east, posslibly in the
vicinity of Virgin Gorda, whlch contributed the pyroclastics

of the Sage Mountaln member.

Petrography

The Hang Lollik suglte-andesites are very similar to
the coarser Loulgenho] auglte-andesites as exposed on St.
Thomas. They consist of pyrozxene, plagloclase and magnetite

phenocrysts in s groundmass of chlorite and plagioclase probably
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developed as the devitrification products of an andeslte
glass. A shard-like texture 1s present in some of the flner-
grained samplesg, but contact metamorphism associlated with
nearby intrusives has obsecured this texture in most gpecimens.
Where metamorphism has been slight the plagloclase phenocrysts
of andesine to labradorite composgition show considerable patchy
or irregular veln-like replacement by albite. Where the grade
of metamorphism 1s higher some of the phenocrysts of plagio-
clase are more homogeneous and have a composltion of oligo-
clase to sodice labradorite depending upon the degree of meta-
morphism. However, many rellc phenocrystes of labradorite
remain even where highly metamorohosed.

The phenocrysts of pyroxene range up to 5 mm in
length and are usually euhedral although occasionally sub-
hedral. Thelr composition is shown in Figure 4, When meta-
morphosed they show replacement by hornblende and rarely by
epidote or chlorite. Low grade metamorphism normally has had
no effect on the pyroxene with the exception showing marginal
alteration to chlorite. Higher grades of metamorphism pro-
duce replacement of the pyroxene by strongly pleochroic horn-
blende elther as patches and rims or as replacement of the
whole crystal. Patchy replacement by epildote was also ob-
served.

The groundmass l1ls most readily altered by metamor-
phism and rapldly loses its tuffaceous texture. An amphibele

resembling actlnolite replaces the chlorite in the higher
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Figure 5. Polished slab of a lithic-lapilll tuff (LJVD-2)
gshowing the wide varistion of textural types within the
upper part of the Fans Lollik member.

Figure 6. Hand specimen of JVD-22 showing the weathered
surface of a limestone-bearing asugite-andesite breccia
of the Hans Lollik member. All of the fragments in the
upper portlon of the plciture are limestone.
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grades of metamorphism while epidote has replaced the ground-
mass chlorite and plagioclase at lower grades.

The fragments within the Hans Lollilk member are ex-
tremely variable with respect to both size and texture. Blocks
in excess of four feet in the largest exposed dimension occur
in several of the breccias on Jost van Dyke. Normally the
largest fragments in an outcrop are less than one foot in
maximum dimension. The minimum sized particles are submlcro-
geopic. In ftexture the fragments vary from porphyritlc augite-
andesites to amygdular aphanitic andesites and occaslonally
fragments of pilotaxitic andesite or felsite with virtually
no ferromagnesian minerals. These -three textural types are
not the only ones present as gradational mixtures between
them have been observed in most specimens. A few fragments
of detrital origin have also been observed suggesting rework-
ing of previously deposited brecclas and tuffs.

Coral and limestone fragments were found in three
breccia units of the Hans Lollik member and have yielded
foraminifera of Eocene age as dlscussed later.

The petrographlc descriptions of individuzl samples
of the Hans Lollik member are given in Appendix A. Sample
T-170 wag collected from one of the thin lenses lower 1ln the
sectlon and interbedded with the Sage Mountain member. The
other samples were collected from near the top of the Hans
Lollik member (upper 2,000 fest).

Mest of the samples are mixtures of the breccla and
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and tuff end members. Several limestone fragments were ob-
served in the breccias showlng the presence of the limestone
end member, however from a quantitatlive polnt of view this
end member 1s not very lmportant. The remaining end member,
volcanic sandstone, was also recognized, however only one
sample (JVD-15) was studlied in thin section and its descrip-
tion is included in Appendix A. The fleld occurrence 1s in
a thin bedded to massive tuffaceous voleanlc sandstone se-
quence about 45 feet in thickness. This is the only defl-
nitely reworked material found in the Hans Lolllk member, how-
ever part of this may be only an apparent scarcity since the

fine grained sediments are normally poorly exposed.

Depositional Environment

The gugite andesites of the Hans Lolllk member of
the Tortola formatlion were deposited on the flanks of a vol-
canic cone whilch was probably located in the viecinity of the
Hans Lollik Islands. Some of the massive brecclas of the
Tobagos and Hans Lollliks may be remnants of the c¢inder cone.
Most of the member, however, was deposlted on the gently
sloping flanks of the volcanle cone or in basins surrounding
it and was probably carried there by mudflows or other mass
movements., Eastward from the maximum development of the brecw
clilas the fragments raplidly decrease in size and the units be-
come thin tongues or lenses of auglte-andeslite brececlss, tuffs

and tuffaceous volcanic sandstones interbedded or locally
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intermixed with the Sage Mountaln member, thus suggesting that
this pyroclastic debris accumulated at the same time as the
pyroclastic debris that had a source farther to the east. The
limestone and coral fragments, but no beds of limestone, ine
dicates that these brecclas were deposited at depths of over
200 feet after having incorporated limestone fragments as

they were transported, probably 1n the form of mudflows, over
{or through) the reefs surrounding the subaerial cone. The
cone may not have been subaeriasl during all of its history

but at least the later portiocons of it were, for these are the
portions that contain the shallow water coral and limestone

fragments.,

Age

Thin sectlons of a limestone fragment from the Shark
Bay member, JVD-14, include foraminifera belonging to the
Eocene. Dr. W. Storrs Cole {(personal communication, 1940)
statess "JVD 14 . . . seemingly could be regarded as middle

Eocene, 1 recognize Asterocyclina sp., Pseudophragmina sp.,

and Eoconuloides sp,"

A descriptlion of the limestone fragment containing

the fogsils 1s given below.

JVD-14 The sample congists of a fragment of limestone about
three inches in diameter incorporated in a lithic

lapilli tuff probably belonging to the Shark Bay member, but

Interbedded with the Hans Lollik member. The fragment has

an irregular but slightly rounded outline and appears to have

been broken during transport. Several other smaller limestone

fragments were also found.
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In thin sectlon the sample conslsts of calcareous
algae and foraminiferal remains, some of which are broken,
in a fine grained cryptocrystalline groundmass of calclite.
Plagioclase and ¢pldote were the only clastlc fragments ob-
served. The more porous areas have been sllicified wilth the
formation of radlating peore fillings of chalcedony. This 1s
most pronounced near the edges of the fragment.

4 sample of coral (JVD-7) about six inches in dlameter
was found in a volcanlc breccla about 1,000 feet stratigraph-
ically below sample JVD-1l4, Dr. J. W. Wells (personal com-
munication, 1960) identified it as follows:

". . . JdVD 7 . . . [As] a new specles of Stylophora,
a genus that ranges from lLower Eocene to Miocene in
the West Indies. . . . 1t is a gpecies not closely
related to any of the Oligocene forms. It may well
be the same as that represented by a couple of very
badly preserved speclmens of thils genus I have seen
from the Lower Eocene Richmond formatlon of Jamalca."

The above lnformation leaves little doubt as to the
minimum middle Eocene age of the upper part of the Hans Lol-
1lik augite-andesite breccilas. The beglnning of the volcanic
activity is not dated, but 1t is probably also Eocene, even
though there are about 20,000 feet of pyroclastics beltween
the top and bottom of the member. Supporting evidence for
this interpretation comes from workX in the Coamo area of Puerto
Rico where E, A. Pessagno (Princeton PhD thesis 1960) has de-
scribed a sectlion of marine sediments including pyroclastics
whilch has a8 thickness of about 17,000 feet. He has shown that-
this section was deposlted durlng s small pertlion of the late
middle Eocene. The Hans Lollik member ls thus thought to be
restricted to the Eocene, probably to the middle Eocene,

rather thaen representing a large fractlon of the time between

Turonian and middle Eocene.
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SAGE MOUNTAIN MEMBER

Introduction and Degeription

The Sage Mountaln member of the Tortoela formation,
as described here, includes all of the pyroclastics and re-
worked pyroclastics above the fine grained Tutu formation and
below the lapilli tuffs of the Shark Bay member of the Tor-
tola formatlon, exclusive of the auglte-andegite breccias and
tuffs described under the Hans Lollik member. It igs the time
equivaleﬁt of the Hans Lolllk member since 1t interfingers
with 1t but is lithologically separate because it is composed
of the pyroxene-free pyroclastics derlved from an eastern
source, provably in the vicinity of Virgin Gorda. The upper
boundary of the Sage Mounfaln member is somewhat arbitrary
but is usually recognizable by the abrupt change from light
tan to brown fine grained volcanic sandstones and tuffs to
lithie 1apiili tuffs generally light or whitish green in
color. The name 1s derived from Sage Mountaln, on the slopes
of which are typlcal exposures of both the interfingering
and intermixing of the Hans Lollik and Sage Mountain members.
Excellent, but discontinuous, exposures are also present a-
round Boad Harbor and a moderately metamorphosed but well ex-
posed sectlion is present along the shore from Road Harbor to
Paraguita Bay. No one well exposed sectlon is available.

The distinction between the Sage Mountaln member

and the Hans Lollik member is locally difficult to meke as
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there is considerable mixing of the two rock unlts as well
as interfingering both vertically and horizontally. This,
together with poor exposures over most of the ares and con-
tact metamorphism by the neighboring intrusives, leaves con-
glderable doubt as to the exsct relation between these two

members 1in many localltles.

Petrography

The lower portion of the Szge Mountaln member isg
predomlnately tuffs, beth coarse and fine grained, and vol-
canic sandstones, many‘of which have some reworked augite-
andesite breccias incorporated in them. Several brecceia and
lapilli tuff uvwnits are also present, but these have been suf-
ficiently altered by the metamorphism to remove all evidences
as to their original nature. All the breccias in thig part
of the section which have not been strongly metamorphosed ap-
parently belong to the Hans Lollik member.

In the upper portion of the member similar tuffs
and volcanlc sandstones are present, interbedded with lgpilli
tuffs and brecclas, some of which become thicker and cosrser
eastwards, These brecclas conslst of fragments of andesite
with an absence of pyroxene c¢rystals. A large varlety of
textural types 1ls present in the fragments wlith the most
prominent belng aphanitic andesite, andesite porphyries,

amygdular andesite and pllotaxltic andesite. No megascopilc



Figure 7, Sample of mildly metamorphosed breccia from the upper
part of the Sage Mountaln member. The upper photograph shows the
weathered surface; the lower photcgraph shows the polished slab.
The 1ight colored fragments have been partlally replaced by epldote.
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Figure 8. Metamorphosed volcanic sandstone (T-99)
Trom the lower portion of the Sage Mountaln member
showing poor sorting and slight grading.
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glassy fragments are present. Fragments are rarely more
than six lnches in diameter 1n any of the exposures of the
member.

-The volcanlc sandstones have been considerably re-
worked as indicated by rounded grains, cross-bedding, ripple
marks and sharp bedding planes in relatively coarse sediments.
Sorting 1s usually fair but is probably somewhat skewed to-~
ward the flner sizes. No conglomerates were observed; several
units were desecribed in the field as coarse wackes, actually
volcanic sandstones, and probably represent the coarsest of
the reworked material.

The tuffs show a typical groundmass of shard-like
material surrounding beth euhedral plagioclase crystals and
angular lithic fragments. Sorting ls poor except 1n the
finest tuffs which are moderately well gorted.

For detailed descriptions of samples from the Sage Moun-

tain member see Appendix B.

Depositional Environment

The Sage Mountain member wag depeoslted in the basin
or basins between two or more velcanic cones. The pyroclastlcs
from one of these cones were entirely augite-andesites and
congtitute the Hans Lollik member. The pyroclastics and re-
worked volcanic debris from the other volcanic center or cen-
ters, one of which was to the east i1 the vicinity of Virgin

Gorda, comstitute the Sage Mountain member. About half of
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the Sage Mountain deposlt has been reworked by waves or cur-
rents, The remalinder consists of pyroclastlec deposlits, which
show little or no reworking, and breccias that were probably
transported as mudflows., The coral and shallow water lime-
stone fragments found in the slumped brecclas in the upper
portions of the Hans Lollik member indlcate that these brec-
clas incorporated shallow water limestone prior to deposition.
These brecclas probably were orlilginally deposilted on the slopes
of a subaerial cone and acquired the limestone fragments dur-
ing transport through or over the reefs surrounding the cone.
Since the Sage Mountain member interfingers with these brec-
cilas 1t probably is also in part subaqueous in origin. The
presence of ripple marks and evidences of sgbrasion and sort-
ing also indicate a probable subagueous origin. The lack of
calcareous material l1s somewhat puzzllng however, unless the

member was deposlited in several hundred feet of water.

Age

No fogsils were found in this member, but, since it
interfingers with the Hans Lolllk member, it probably is the

same age, namely middle Eocene for the upper portions.

THE SHARK BAY MEMBER

Introductlion and Descriptlion

In the upper part of the Sage Mountaln member several
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thin lenses of breccia and lapllli tuffs of a markedly dif-
ferent character, were observed interbedded wilth the tuffs
and volcanic sandstone., Just above the tuffs and volcanic
sandstones of the Sage Mountaln member a thick sequence of
thege breccias and lapilli tuffs is present. They have a
characteristic whitish green color and abundant fragments of
dark green glassy material not observed elsewhere in the Tor-
tola formatlon. These brecclas and their assoclated finer
grained pyroclastlics have been named the Shark Bay member of
the Tortola formation for their excellent exposures in the
vicinity of Shark Bay on the northwestern corner of Tortola.
The member conformably overlies and interfingers with the
Sage Mountain and Hans Lollik members of the Tortola forma-
tion. It is overlain by the Necker formation, but the upper
contact is nowhere exposed. The member 1s recognizavle over
a large area extending from the northwest portion of Jost van
Dyke to the eastern end of Tortola. In addition, it is pos-
sibly present as highly metamorphosed blocks incorporated in
the Virgin Gorda batholith.:

Examined in detail the Shark Bay member is seen to
consist of massive to thin bedded lapilll tuffs and coarse
tuffs. Breccias with fragments up to 10 cm in dismeter were
seen in the vicinity of Shark Bay but were not seen farther
to the east except higher in the sectlon in the exposures on
Bogue's Point and the neighboring headlands. The section on

northern Jost van Dyke, Little Jost van Dyke and Green Cay
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is predominately breccia and 1lapilll tuffs with virtually nc
finer gralned tuffs. Thils 1s probably due to the fact that
the exposures were limited to masslve units and the interven-
ing covered areas may have contained the finer grained tuffs,
The thicknesses and directional increase in particle size in
the brecclas and lapilli tuffs in the lower portion of the
member indlcate a source to the west of Tortola. Those higher
in the section are not exposed sufflclently well along strike
to permit detailed description to say much other than coarse
material is found in all exposures. Slump structures showing
northward transport and the wide spread distribution of ap-
proximately the same size pyroclastlcs make it quite probable
that the source of thesge pyroclastics was south of the present
outerops rather than cast or west as was assumed for the pre-
vious members.

In the vicinity of Jost van Dyke the Shark Bay brec-
clas are interbedded with breccias of the Hans Lolllk member.
Interfingering of the two members indicates that the source
of the Shark Bay breccias was not the same as that of the Hans

Lollik breccias.

Petrography

The Shark Bay breccilas and tuffs consist of frag-
ments of wlde varlety of textural types ineluding devitrified
glass fragments with relic perlitic structures not found else-

where in the formation. Similar structures, however, were
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Figure 9. View of the eastern end of Little Jost van Dyke
showing northward dipping bedding in lapilli tuffs and brec-
clas at the right and left edges of the photograph. Several
near vertlcal dlkes are also present.

Figure 10. Cut slab of breccla taken from the boulder in the
Fight foreground of Figure 9. Note the cmall bomb in the lower

right corner and the alteration of the fragments. The dark
fragments are glassye.
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Figure 1l1. Light colored lithlc lapllli tuff from the
central portion of the Shark Bay member showlng an in-
distinet alignment of fragments. The dark fragments
are devitrified glass.

Flgure 12. View of a breccia unit in the Shark Bay
member as exposed on the north shore of Tortola.
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reported by Donnelly (p. 65) from a few occurrences in the
Loulsenhe) formation. No pyroxene crystals, either free or
in fragments, were noted ln the Shark Bay member. Plagioclase
phenocrysts are present in most of the fragments and are also
present as free crystals in the groundmass. The composition
of the plagloclase is quite variable but consistantly less
calcic than that of the auglite-andssites. Patchy replace-
ment of intermediate plagloclases by alblte is common and
probably represents a deuteric or diagenetic alteration.
Epldote and chlorite are common throughout the section; the
former velng due to mild metamorphism or possibly deuteric
alteration, and the latter forming as the result of the de-
vitrification of original glassy materlal, The four descrip-
tions included in Appendix C are typical of the Shark Bay

andegite tuffs and breccilas.

Age

No foseils were found in the Shark Bay member itself,
but it interfingers with, and overlies, the upper portlon of
the Hans Lollik formation which is of middle Eocene age, and
also includes a limestone lentil, the Mount Healthy limestone
lentil to be discussed below, that has been dated as definitely

Eocene, probably middle or upper Eocene.
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Depogitional Environment

The environment of deposition of this member was
not much different from that of other members of the Tortola
formatlon except for the presence of the Mount Healthy lime-
stone lentil which 1ndicates a shallow, moderately quiet water
environment for part of the formation. The lower brecclas
and tuffs are probably airborne material and mudflows which
were deposited subaqueously while the upper part of the sec-
tion most likely represents subserlal deposits. This 1s fur-
ther supported by the highly weathered breccias in the vicin-
ity of Rogue's Polnt; which probably were weathered subaerl-
ally shortly after depositlon while the subaqueously deposited
pyroclastics lower 1n the section de not show this strong

weathering.

Mount Hezalthy Limestone Lentll

In the saddle just north of Mount Healthy on north-
western Tortola & limestone about 50 feet thick 1s interbed-
ded with the brecclas and tuffs of the Shark Bay member of
the Tortola formatlon. This light tan to brown limestone
has been named the Mount Healthy limestone. It consists of
algal materlal, pelecypod fragments, and foraminifera in a
fine grained calclte matrix. It has been mildly sheared and
locally recrystallized and altered with the introduction of

iron hydroxide staining. Very few fragments of clastic
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material were obgerved, the few present being plagioclase
and epidote crystals. The sample has heen selectively silica-
ified, a process which has destroyed some of the foraminifera.

In addition to the outcrops in the vicinity of Mount
Healthy, the limestone crops out on Rogue's Point; and is
probably also present farther to the east near the contact
with the batholith where a garnet, diopside, epidote, hema-
tite skarn has developed.

Two other lentils of limestone, now marble, were
noted in the Tortola formation but probably have no relation
to the Mount Healthy limestone. These two occurrences are
on the northérn shore of Sandy Cay and on the southeastern
point of Little Tobago. The outcrops on Little Tobago are
large marble blocks included within an amphibolite and prob-
ably represent & deposit much like the Cokil Point megebreccia
lithofacles discussed earlier (p. 32).

Samples of the Mount Healthy limestone were sent both
te Dr, W, Storrs Cole and to Dr. P. Bronmimann. Dr. Brommi.
mann (personal communication, 1959) reported as follows:
T-221 Lith: Limestone, fragmental, brownish.

Text.: Groundmass cryptocrystalline to microcrys-

taelline, showing stress.
Mollusk and echinoderm fragments.
Orbltoidal Foraminifera.

Fguna: Discocyclina sp., large Rotaliids.
Strat. Det.: Eocene.

Dr. W. Storrs Cole (personal communication, 1960) sald:

"T-221 contains only a few specimens of Asterocyclina sp.

It could be either middle or upper Eocene, but I would favor

middle Eocene on the slight evidence available,”



60

Although there 1s no doubt as to the Eocene age of
the unit, its position in the Eocene is somewhat questlonable.
Most 1likely it is virtuslly contemporaneous with the lime-
stone fragment JVD-14 and thus should be considered to be
middle Eocene in age.

A brief description of the Mount Healthy limestone
at its type locality 1ls as follows:

Tm21G and T-221. Light brown, cloudy, very finely
crystalline limestone showlng conslderable shearing and
stalning by iron hydroxides. Local patches show recrystalliza-
tion to coarser grained clear calecite. Pelecypods(?), foram-
inifers, algal materisl, and other organic fragments are pre-
sent. The weathered surface lndicates a slight slilicificatlon
of the sample. No clastic fragments are visible 1in hand

specimen.

Flows Within the Tortela Formatlon

Along the shore between Eoad Harbor and Paraquita
Bay there are geveral exposureg of flows. One of these shows
a brecclated zone about 18 inches thick et the upper contact
and red staining of the sediments beneath it. Although these
rocke are metamorphosed to the hornblende hornfels facies, a
relic flow structure with a few amygdules 1z still present.

On the ridge west of Boad Harbor in the vicinlty of

Veyers several massive amygdular units were observed, but
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Figure }%. Hand specimen (T-160) of the brecclated top
of one of the metamorphosed flows in the Tortola forma-
tion. The light areas are epldote. No amygdules are
present in the brecclated portion of the flow.
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thelr contact relations were not exposed., 1In thin section
these look simllar to the previously mentioned flows and since
the two occurrences are approximately on strike the units in
the vieinity of Meyers have also been classified as flows. An
intrusive origin ls possible, however, and thus theilr classifi-
cation as flowe 1s tenuous.

For petrographic descriptions of these flows see

Appendix D.

Regume of the Tortola Formation

The Tortola formatlion of probably middle Eocene age
consists of four distinect lithologlc units. These units em-
brace considerable textural variation and are mixed with one
ancther on a local scale. The three major members consist of
pyroclastic debris from at least three sources that varied in
importance in bhoth space and time. The Hans Lollik center was
the first to develop and is characterized by pyroclasftics of
an augite-andesite composition, Shortly thereafter a center
of volcanlc activity developed to the east in the vicinlity of
Virgin Gﬁrda. This center agsumed an increasingly important
role in supplying the pyroclastics for the unit and supplied
virtually all of the observed pyroclastics Jjust prior to Shark
Bay time. The Shark Bay pyroclastics were derived from a
moderately close source, prohably located south of the line
Joining the other two sources. Thils source rapidly galned

prominence, probably due to its proximity to the depositional
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sight, and continued to be the most prominent, and at times
sole, source of pyroclastics untll the close of Tortola time.
Volcanic activity was continuous during most of Tor-
tola time, but several perilods of reduced activity are rep-
resented by fine grained volcanlc sandstones in the Sage Moun-
taln member and by the Mount Healthy limestone lentil 1in the

Shark Bay member.



NECKER FORMATION

Introduction

The flne grained tuffs, interbedded with a few brec-
clas and tuffaceous volcanlic sandstones, that crop out on the
small islands north of Virgin Gorda, and on the islands of
‘Guana and Great Camance are named the Necker formatien for
thelr typlcal development and excellent exposures on Necker
Island. The complete range of the rock types included within
this formation is not exposed on Necker Island and thus the
type sectioﬁ 15 extended to include the brecclas on Prickly
Pear JIeland and the welded tuffs exposed of *Cuans Island.

The expoSﬁres, though excellent, are very discon-
tinuous since the outcrops are restricted to eleven wildely
spaced small islands. Accordingly no attempt was made to
place the rocks into a continuous stratigraphlc sequence, nor
to subdivide them into members, even though considersble vari-
ation 1s present. Ingtezad the formatlon 1s described as three
island groups wlthin which the outcrops are sufficliently con-
centrated to enable local stratigraphic sections to be devel-

oped.

Description

The formation is exposged on three distinet 1sland

63
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groups which have little relatlonship to one another. These
island groups are: (1) the islands north of Virgin Gorda
(Mosquite, Prickly Pear, Fustatia, Little Saba and Necker};
(2) the islands of 'Guana and Great Camanoe; and (3) the Seal
Dogs, Cockroach Dog and George Dog. The latter group forms

a connecting link between the first two, however expogures
are poor and some of the outcrops show considerable metamor
phism; as & result they are of no use in developing a strati-

graphic sectilon.

The Necker Formation North of Virgin Gorda

In some ways the pyroclastic rocks on the five 1ls-
lands nerth of Virgin Gorda resemble the upper Tortela forma-
tion theilr major difference belng that. they are predominately
fine tuffs rather than brecclas and are much less deformed;
the maximum dip beling about 40 degrees and the average being
near 20 degrees instead of nearly 90 degrees as in the Tortola
formation. Metamorphism has been slight with epildote being
the only possilble metamorphic mineral and this probably was
formed at relatively low temperatures.

The basal part of the exposed section ls on Prickly
Pear Isiand where aboub 1,700 feet of section is exposed., The
basal 500 feet consists of light blue green to green very fine
tuffs with poorly developed bedding. These fine tuffs are
Interbedded with a few moderately well sorted, green lithic

coarse tuffs which have an alighment of tabular fragments
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Figure 14. Hand speclmen (PP-10) from a lithic coarse
Eu%f TnTerbedded with fine tuffs in the basal 500 feetl

_of the Necker formationm north of Virgin Gorda. The
small dark fregments are glass or devitrifiled glass.
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Figures 15(a) and 15{b). Lithic lapilli tuffs from out-
crops on tne northern nalf of Prickly Pear Island. The
granophyre and diorite fragments mentioned in the text
were collected from a breccla associlated with these law
pilli4 tuffs.
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parallel to bedding which is probably due to primary orienta-
tion of fragments and not to later reworking. The rocks were
probably deposited as a subaerisl ash which was later mildly
altered or metamorphosed. No evidence of reworking or slump-
ing 1s present.

The upper 1,200 feet exposed on Prickly Pear consists
of 1lithic coarse tuff and lithic lapilli tuff with a few in-
terbedded units of breccia and vitric(?) fine tuffs. The
coarse tuffs and lapilll tuffs are green colored, varying
from whitish green to dark green, and consist predominately
of andesitlc and felsitic fragments with a wide variety of
textures. Numerous dark green chloritic fragments, which prob-
ably were originally glass, are also present. Three fragments
(samples PP-4 and PP-9) of unusual character were collected
and will be described more fully in Appendix E., These are:
(1) a fine grained dlorite fragment about 2 cm in diameter,
(2) a quartz.-plagloclase -orthoclase granophyre fragment
about 15 em in diameter and (3) a metasediment, probably a
metamorphosed andeslte breccia, in which hornblende is pres-
ent in the fragment but not in the breccia around it. These
three fragments, the only ones of their types found in the Vir-
gin Islands,.indicate that the bathelith had been at least
vartly emplaced prior to the deposition of the Necker forma-
tlon,

The section on Mosgulto Island is a continuation of

that on Prickly Pear, possibly with a glight (200-300 feet)
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amount of overlap between the two sectlons. Most of the is-
land counslsts of light green to brown lapilli tuffs and brec-
clias. All the rocks on Mosguito Island have undergone con-
siderable alteration with clay minerals and epidote having
been formed throughout both the groundmass and fragments.
FPragment boundaries are very indlstinct, probably as the re-
sult of the extensive alteration. Bedding is poorly developed
in these tuffs and breccias and where 1t is present 1t is
moderately deformed and contorted suggesting that most of the
deposlt hasgs slumped, probably to the north. Several units

of coarse and. flne tuffs are present, which are light ollve
green and show little bedding. At one locality a sandstone
"dike" of the overlying(?) lapilli tuff intrudes fine tuff.
This dike 1s not of volcanic origln. An unusual rock type
oceurring on Mosquito 1ls a white to brown {(whern limonite
gtained along fractures) rock that may be a devitrified and
altered lithie or vitric tuff or 1t may be a very fine grained
felsite flow. In thin section no flow texture was observed
and only few highly altered felsic fragments are present in
an otherwise very fimne grained interlocking groundmass of
plagioclase and quartz(?).

Eustatlia Island is very simlilar to the upper pertion
of the sectlon exposed on Prlckly Pear and consists entirely
of lapilll tuffs and brecclas.

Necker Island contains the uppermost section ex-

posed in the Virgln Islands. A covered 1lnterval probably
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exists between the uppermost rocks exposed on Mosquito Island
and the lowermost rocks exposed on Necker Island., However,
since three mlles of water deparates these two islands, this
1s only a suggestion based upon the amount of section that
could be accounted for by the one mile of water between
Prickly Pear eand Necker Islands.

The sectlon on Necker Isgland consgists of about 1,300
feet of thin bedded to massive tuffs with a few interbedded
lapilli tuffs and brecclas. ILittle of the section has been
reworked. One sample on the north shore may be a deposit
much like a fanglomerate, since it has some sorting and an
Indistinct bedding formed by varying amounts of coarse frag-
ments. The fragments, however, are very angular and probably
have undergone little reworking.

The units in the central portlon of the island have
undergone slumping and in the vicinity of the easternmost’
point of the 1sland, slump structures are seen to be over-
turned to the south, indicating transport to the south, the
first time this has been noted in any of the Virgin Islands.
The section hag undergone little metamorphism, the only alter-
ation being subaerial weathering and possible diagenetic al-
teration to form epldote from the glass shards in the tuffs.
The epldote may have been developed in the outermost meta-
morphic halo surrounding the Virgin Georda batholith which
lies geveral miles to the south.

Oon Necker Island lithic lapilli tuffs and brecclas
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are restricted to the basal 500 feet of the exposed sectlon.
Most units show moderate sorting and some have very poor
bedding. Very angular fragments (to 10 cm) and plates of
chlorite-like material, possibly an alteration of glass shards,
are present 1ln all coarse gralned samples and do not gppear

to have been abraded by reworking.

Fine tuffs form most of the upper 800 feet of the
section. These tuffs are probably vitric tuffs and have
undergone recrystallization to form an Intergrown network of
epidote, plagloclase and guartz. They are well sorted and
poorly, yet distinctly, bedded. No ripple marks, crossbede-
ding, or other current features were observed. The tuffs
were probably deposited subaerially, yet show no slgns of
weathering . The lnterbedded brecclias, however show iron
staining throughout which has been interpreted as subaerial
weathering shortly after deposition. It is possible that
this weathering was restricted to the coarser units because
of greater porosity and permeabllity but i1s more probably
due to their higher content of mafic materials.

The Necker formation is intruded by numerous porphy-
ritic basalt dikes and sillls several of which are present on
Mosquito Island and one columnar Jjointed example of which 1s

present on southern Necker Island.

Petrography: Necker Formation North of Virgin Gorda

Under the microscope the presence of quartz as digtinct
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fragments of crystals is & very distinctive feabture not ob-
served in the lower members of the Virgln Island group. Pre-
vliously, quartz has been noted as amygdule fillings and as &
major congtituent In the quartz kKeratophyres. In several
specimens of tThe upper Tortola formation, as well as in the
Outer Brass limestone, chalcedony was obgerved but only rarely
have fragments of quartz been observed. Thils presence of
fragments of quartz is significaent 1n two respects. PFirstly,
it provides a means of distinguishing the brecclas of the
lower part of the Necker formation from those of the Shark
Bay member of the Tertols formation. Secondly, it most likely
provides additional evidence that the batholith had been em-
placed and at least partially cocled prior to the deposition
of the Necker formation. The porphyritic andesite clssts do
not have modal quartz, except as a Tine grained replacement
or as a chalcedonic amygdule filling, and thus cannot have
supplied the guartz fragments observed elsewhere in the rock.
The only possible source seems to be the quartz diorites of
the batholith. It 1s strange however, that so few granitic
fragments were found in the breccias~-the only two having
beern those in sample PP-4.

The mineralogy of thls portion of the section is
quartz, plagioclase, spldote, chlorite and possibly glass.
Megnetite 1s also present in some samples., The plagloclase
i3 quite variable in composition from calcic andesine, whilch

probably is characteristic of the unaltered plagioclase, to
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alblte which has been produced by alteration of pre-existing
plagioclase phenocrysts and from original glass. Most of the
samples cluster at both ends, l.e., alblte and andesine, with
a few determinations indicating a sodic oligoeclase composi-
tion. The epildotes are of two forms. Those nearer to the
bathollith have a light green color and high dispersion while
those farther from the batholith have a yellow to yellow green
color and much less dispersion. The latter may have bheen
formed under virtually diagenetic conditions slightly above
normal Temperatures while the former may represent epidotes
that are more truly of metamorphic origin.

For detalled descriptions of some of the rock types

gee Appendix E.

The Necker Formatlion: Viecinity of "The Dogs"

The exposures of this portion of the Necker forma-
tion are limited to three islands, namely, Cockreach Dog: all
exXposures are amphib?lite and virtually no original textures
or structures remaln; George Dog: all exposures are amphibo-
lite, however the rocks are probably fine tuffs interbedded
with breccilas or lepilli tuffs; and the Seal Dogs which are
mildly metamorphosed. The rocks exposed on the Seal Dogs
will be discussed below.

The presence of fragments of quartz crystals, which
were obgerved in two speclimens and a diloritic fragment, very

similar in macroscoplc appearance to one of the fine grained
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lntrusives on West Dog, is the slight evidence available for
grouplhg these rocks with the Necker formation. Other than
this and their position 1n the islands, these rocks have
closer relationships wlth the Tortola formation and may ac-
tually belong wlth it. This correlation is based upon their
degree of metamorphism, never otherwise observed in the Necker
formation, and on the presence of a pyroxens bearing basalt
or basaltic-andesite flow. However, this flow contains the
dloritic fragment menticned above and thus must be later than
the batholith which is obgerved to cut all of the Tortols
formation. Thus, the rocks In the vicinity of "The Dogs" are
assigned to the Necker formation.

The exposed sectlon on the Seal Dogs consists of
breccias and lithic lapilll tuffs, most of which show evidence
of some reworking especially in the form of large soaie slump-
ing as evidenced by large blocks, several over ten feet long,
of fine gralined thin bsdded tuffs incorporated within lapillil
tuff. Beddlng 1s very poorly developed to non-existent. Much
of the sectlon 1s quite altered, with epldote having developed
thropghout the section, probably as a result of being near
the uvpper contact of the batholith.

The following five descriptions indicate the detailed
oharacter of the rock, These are not necessarlly typlcal '
examples, however.
3D-1 is a grey to grey green crystal-lithlc coarse tuff.

Numercus dark green glassy patches are present prob-

ably consisting 6f chlorite.after’'original glass. The maxl-
mum fragment sige iz gbout 4 mm.
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Sericite: as alteration of plagloclase.

ggi&ofe: alteration of groundmass and plagloclase; present
ag gingle crystals and aggregates of crystals.

Chlorite: probably replacing glass.

Plagioclase: Ansa.ngs broken crystals, however the angulare
ity is not gresat

Ma%getite
alcite: alteratlion of groundmass.
Quartz

Eock fragments are of a trachitic nature.

The sample has undergones some rewWworking as is evi-
denced by the rounding of the plagloclase grainsg and lithic
fragments. Textural variatlon between the groundmass and the
lithic fragments is very small and has been partlally obscured
by the alteration that produced the epldote and calecite, most
likely associated wilth the intrusion of the Virgln Gorda
bathollth. The tuffaceous character of ithe rock 1ls inferred
from the presence of plagioclase crystals and lithic frag-
ments and not from observed shard-like or angular fragments.
Itg fleld association also suggests an origin as a tuff or
slightly reworked tuff. Sorting is very poor with grain size
up to 2 mm common and with some fragments more than 5 mm long.
A weak planar structure is present formed by mineraloglc
orientatlion parallel to bedding or flowage directions. Chlor-
ite patches and mineral aggregates in the groundmass also
have this orlentation. This planar structure ls thought to
have developed by slumping of the tuffaceous ashes.

SD-12 1s a thin bedded, slightly graded crystal-lithic

fine tuff. Bedding 1s poorly developed, belng rep-
resented by bands with lithiec fragments in excess of 1 mm in
zn otherwigse fine grained green matrix.

Epidote: alteratlon of plagloclase and as patches in ground-
mass.

Plagloclase

Magnetite

Quartz(7)

Sericite: alteratlion of plagloclase.

Calcite

The sample has been slightly reworked. However,
the broken plagioclase crystals are still very angular thus
the reworking, evidenced by sorting and bedding, has been
very slight. Poorly developed graded bedding is present as
is a "flow-1like" orientation of crystals parallel to bedding.
The structures parallel to bedding are probably primary,
representing orlentation by settling of tabular shard-like
masses, as slumping 1s very unlikely considering the very thin
parallel bedded character of the sample in the field.
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sD~6 The sample 1s a light green lithic lapilli.tuff

in general appearance very similar to the brecaolas
exposed on Prickly Pear and Mosquito Islands. A slight band-
ing, probably developed during slumping, is present snd is
formed by the orlentation of tabular fragments. Some frag-
ments look very similar to 8D-1. Large {10 mm) dark green
chlorite aggrepgates are present throughout the sample. Most
fragments are very angular and have not undergone reworking,
Several fragmernts in excess of 60 mm are present.

Sb-13 i1s a 1light tan thin bedded to laminated fine tuff
showing possible slight reworking by water. The

sample is from a large block {over six feet long) of fine

tuff incorporated by slumping in & breccla similar to SD-6.

Quartz: fine crystals in the groundmass and as fragments.

Plagioclase: calcle oligoclase; Anogige

Epldote: _fgroughout groundmass and as replacement of plagl-
oclase.

Chlorite: replacement of ferromagnesians(?) or as replace-
ment of large glass fragments. :

Hematite: after magnetite(?),

This sample 1s a fine grained crystal-vitric(?) tuff
composed of plagloclase crystals up to 1 mm in length ilmbedded
in a very fine gralned dirty brown groundmass of quartz, plagio=-
clase, epldote and hematite that has probably been derived
from the devitrification of glass shards. The sample 1ls very
thin bedded, being marked by abundant plagloclase crystals
and by & variation in the size and amount of epldote formed
as a replacement of the groundmass. The sample has probably
been mildly metamorphosed giving rise to the epldote in the
groundmass.

SDm7 is a dark grey to dark purple grey porphyritic flow
with numerous lithic fragments. Some of these frag-
ments appear to be altered fine gralned granitics with large
quartz crystals. These granitlc fragments probably were
derived from the upper portions of the bathelith and appear
To be very.similar to samples collected on West Dog. A pro-
nounced flow banding 1s present on the weathered surface.

Pyroxene: elongate euhedral crystals up to 1 mm; partially
replaced by chlorite.

Plagioclase: Anyc+c; euhedral phenocerysts up to 2 mm, mildly
zoned, £0il® broken.

Magnetites euhedrs up to 0.5 mm; assoclabted wlith pyroxens
and gome within plagioclase phenocrysts.

Epidote: 1in fractures along wlith chlorite and quartz; also
as alteration of plagioaclase.

Chlorite: ag alteratlion of pyroxene or else second ferro=-
magresian phase.
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Quartz: fracture fillings and in included rock fragments.

Glass: dark brown and partlally devitrified, showlng strong
flow banding around phenccrysts and lithic frag-
ments; several glass fragments are also present and
have fewer phencerysts within then.

Bock fragments up to 1 cm.

The rock is a porphyritic lithic~vitric basaltic-
andesite flow or very near surface intrusive, most llkely
the former. Included fragments of vitric material, much
like the flow 1tself, and lithic material, foreign to the
flow itself, are present suggesting both normal flow and
flow breccia. characteristics. Thls unit was not recognized
as a flow in the fileld and 1s described as such from 1lts
thin sectlon characteristics.

In addition to the above, one sample having under-
gone high grade metamorphism 1s included 2nd is congidered
tc be representative, in mineralogy at least, of the meta~
sediments on George Dog and Cockroach Dog.
Ch-1 1s a dark green amphibolitei Large fragments are

visible on the weathered surface along with amyg-
dules, plagioclase phenocrysts(?) and porphroblasts(?) of
hornblende. The rock appears to have been a lithic lapilli
tuff or breccisa.

Mineralogy: guartz; plagioclase, hornblende,.and magnetite.

The rock is a metamorphosed fine grained c¢rystal-
lithic tuff, The grade of metamorphism is between epidote
amphibolite and hormblende hornfels facies. Other than for
the fragmental nature of the rock with its suggestion of bed-
ding, no original textures are present. Very little meta-
morphic foliatlion has developed, the predominate change being
the recrystalllization of the groundmass and fragments.

The Necker Formation: 'CGuana Island Section

The 'Guana Island portion of the Necker formation
consists of a wide varlety of rock types all of which were
deposited subaerially with the possible excepiilon of one

thin bedded to laminated very fine grained porcellanecous
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tuff, which may have been either a subaqueocus or a subaerial
deposit. The breccias, lapilli tuffs and tuffs were all
weathered shortly after deposition without reworking, except
for probable slumping., Some of the breccia units could be
mudflow deposlits, however. Several flow unlts were recoge
nized varying from extensive welded tuffs with columnar joint-
ing to flow breccias of very local development.

The entire section; including the later porphyritiec
basalt dikes and sllls, has undergone considerable altera-
tlon with replacement of the original rocks by quartz, chlo-
rite, calcite, epldote and serlcite. Calcite, chlorite, and -
quartz are found as replacements throughout the section while
epidote and serlcliie are restricted to local units. The geri-
clte 1s restricted to the welded tuffs, flows and late ba-
saltic intrusives and may in part be related to metamorphism
by the batholith and/or the basaltic intrusives. At least
some of this widespread alteration ls later than the basaltic
intrusives, which cut the entire section, and thus the altera-
tion is probably associated with late magmatic and hydrothermal
actlvity associated with the intrusion of the batholith rather
than with the basaltic intrusives themselves. Some of the
alteration probably toock place very shortly after deposition
particularly in the casge of the welded tuffg which are much
more altered than the surrounding lithic tuffs.

The entire section has been considersbly deformed

Wwith the older southern units showlrg overturning with dips
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a8 low as 65 degrees in several locallties. To the north

the deformation rapidly becomes less lntense wlth the northern-
most portion of the island belng gently folded and showing
dips of 10 to 20 degrees In both north and south directions.
No unconformity was observed between the two ends of the is-
land, yet the differing degree of deformation suggests that
one may exist. However, this strong deformation in the lower
portion of the section is probably local deformation associ-
ated with the batholith which lies less than = mlle to the
south. No discontinuilty in lithology or degree of alterstion
iz present between the strongly and mildly deformed sectlons
suggesting that the local deformation interpretation is most
likely the correct one.

Due to the complex structure developed in the lower
portion of the section and the scarcity of good outerops, no
detalled stratligraphic sequence could be deciphered. In gen-
eral, the lower portion of the section consists of sbout
2,000 feet of welded tuffs lnterbedded with lithic lapilli zand
coarse tuffs. The welded tuffs show 1ndistinct irregular bed-
ding and a Thin, highly contorted internal laminatiom. All
the rocks are highly.altered and weathered and no unaltered
material could be found. In thin section the welded tuffs
consist of oriemted and highly altered plagioclase phenocrysts
in an aphanific groundmass which has been replaced by calcite
and slillica. Numerous flattensd irregular amygdules are pre-

sent and are responsible for the development of some of the



F:L%ure 16. View of the southeastern shore of 'Guana
sland showl massive to poorly bedded brecclias and
coarse tuffsné(;rlght slde of picture) which are cut
by many andesltic dikes (right center}.
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Filgure 17. View of tuff breccla as exposed on the western
shore of Great Camance. Note the dlsseminated large frag-

ments in the coarse tuff.

Figure 18. Polished slab of the coarse tuff portlon of
the tufT breccia shown in Figure 17. All fragments have
been highly altered to clay minerals and epldote.
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lamination of the wesathered surface. The alteration, with
the formation of chalcedony, calcite, and sericite, was post-
compaction, and may have been assoclated with the deformation
since fractures in the rock have about the same mineralogy as
the alteration products.

Overlying the lower welded tuff unit is a sequence
of breccias and tuffs about 3,000 feet thick with at least
one and probably two welded tuff units within it. This se-
quence has been moderately deformed with dips varying from
30 to 90 degrees. A section very similar in appearance to
this 1s also exposed on Great Camanoe Island, but precise '
correlation of this sectlion and 'Guana island section 1s im-
possible.

The brecclas 1n the portlon of the section overlying
the welded tuffs are quite distinctive 1n that they consist
of large blocks, some over a foot in diameter, imbedded mostly
in a coarse tuff and rarelya lapilli tuff, All gradations
exist between normal breccias, consisting predominately of
large fragments, to normal coarse lithle tuffs with only rare
large blocks. ' Except for the two welded tuff units, all of
this portion of the sectlion exposed on the eagtern half of
'Guana Island and all of the section exposed on Great‘Camanoe
Island consists of this mixture of breccla and coarse tuff.
Bedding is very rare, partly because it has been destroyed
by slumping and partly because very little developed due to
the poor sorting of the pyroclastics. These brecclas vary

in color from green to brown to purple.
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The welded tuffs interbedded with these brecclas
resemble those lower in the sectlon, However they have been
so thoroughly altered that this may only be an apparent
similarity and not a real one. One of them, G-23, shows
columnar jointing in the fleld and has a flow banding much
like G-24, yet it is so altered to clay minerals and calecite
that its original internal texbures have been entirely lost
except for the radiating chalcedony spherulites that were
also noted in G-24. The other occurrence of welded tuff in
this portion of the section, G-12, has more of the features
of the G-24 type and if both were unaltered they would prob-
ably be the same in all respects.

The remalning portion of the sectlon consists of
tuffs, both coarse and fine, lapilli. tuffs, a2nd a few brec-
clas. Typlcal examples of these upper units are very well
exposed along the north aﬁd western shores of 'Guana Island.
Although sorting is better and bedding 1s more extensively
developed than in the brecclas above the lower welded tuffs,
these tuffs and brecclas appear to have been deposited as

subaerial ashes. No evidence of water reworking or transport

were seen and severazl units, such as G-5, which contains tuffa-

ceous mudballs, could only have been formed subaerially. In
addition, the tuffs seem to have weathered prior to thelr ex-
posure to present day weathering, an interpretatian which is
supported by their deeply weathered nature even on sea cliff
exposures where most other rock in the Virgin Islands is very

fresh.
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Figure 19. Polished slab of a flow breccla {(G-33) from
The central portion of the 'Guana Island section of the
Necker formation. The fragments are predeminately fel-
sites and have been partially replaced by calclite.

Figure 20. Cut slab of breccia (G-4) from the upper por-
Tion of Ehe 'Guana Island sectlon of the Necker formatlon.

Note the large variety of fragment types.
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Figure 21. Two views of the hand specimens of G-5 (see
desorlption in Appendix F) illustrating the tuffaceous
"ynud balls”. The upper photograph shows numerous slightly

flattened pellets while the lower photograph 1llustrates
their spherical form.
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For detalled descriptions of the samples mentioned
above, as well as others of the typical rock types present,

see Appendix F,

Ags gi the Necker PFormatlon

The age of the Necker formation is not known for no
fosslls were found nor are any likely to be found since the
entire gection appears tc have been deposlted subaerially.

The formation apparently overlies the middle Eccene Shark

Bay member of the Tortola formation; but as a result of lack

of contlnuous outcerop this relationship is only inferred. Most
I1kely the formation is of middle or upper Eocene age.

The upper portions contain fragments of granophyre
and fine gralned diorite, both of which were most likely
derived from the Virgin Gorda batholith and, since the grano-
phyre was one of the later phases of the batholith to develop,
they indicate the presence of the batholith prior to the dep-
psition of the upper Necker formation. The lower portions
are mildly metamorphosed and may indicate depogition either
prior to intrusion of some of the batholith or deposition on
a very thin cover over the cooling bathellth with most of
The evidence tending to support the latter suggestion,

Its age with respect To the deformation is also some-
what questionable since it may have been deposited both before
and during deformation or it may have been entirely before de-

formation with the northward decrease in degree of deformation
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reflecting only milder folding to the north and not deposi-
tion after some of the folding had ftaken place. As wWwlll be
discussed in more detall later, depositlon pricr to deforma-

tion is favored by the zsuthor.

Resume of the Necker Formatlon

The Necker formation is composed of predominately
subaerially deposited pyroclastics and a few welded tuffs.
One of the centers of volcanlc activity was in the vicinity
of 'Guana Island and another source of pyroclastics was most
likely located to the east of Virgln Gorda. However evidence
for this is very meager.

The formation was probably deposited during and
slightly after the intrusion of the major portion of the Vir
gin Gorda balholith as fragments of the later intruslve. phases
of the batholith were observed in the breccias of the Necker
formation. The welded tuffs may also represent The extrusive
equivalent of portions of the batholith, however they are so
altered that they cannot be shown fo be exactly equivalent
in composltion to any portion of it.

Structurally the formation 1s significant in that
the earlier portlouns of it probablywere deposited prior to the
ma Jor deformation while the later units could have been de-
posited after some of the deformztion had taken place since
they are only mildly deformed.

The age of the Necker feormation is unknown except
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that 1t must be middle Eocene or younger. It should probably
be included in the middle or upper Eocene, based upon its

regional relations.



ROGUE'S BAY CALCARENITE

At the eastern edge of Rogue's Bay on the north
shore of Torbtola a calcarenite, here named the Rogue's Bay
cglcarenite, crops ocut over an area of about 10,000 square
yards. The calcarenite dips to the west 15 to 20 degrees
and has a maximum elevation of about 65 feet above sea level.
It also continues below sea level for at least 10 feet. The
total thickness is between 30 and 40 feet.

The calcarenlte conslists of well sorted, 1 mm in
diameter; shell fragments of pelecepods, gastropods and large
foraminifera, mainly peneroplids. These fragments have been
reworked and are moderately well rounded, They are cemented
with calclte to form a limestone with about 10 percent por-
oslty. Very few gralns of silicates are present, the only
ones observed being plagloclase gnd epidote, which form con-
siderably less than one percent of the rock.

The age of this unit 1s late Miocene to Recent and
thus it is nobt of much use in determining structurélfhistory.
The fact that it dips away from the batholith 1s significant
in that it shows that the eastern portion of the area has risén,
with respect to the central poption of the area, through an
angle of about 15 degrees, since the late Miocene. Thils in-
dicates at least regilonal warping conslderably later than the

ma jor folding which most likely took place in the late Eocene.
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INTRUSIVE ROCKS

Introduction

Intrusive rocks crop out on all the British Virgin
Islands except Anegada and can be subdivided into three groups,
according to their age, as follows: (1) pre-batholith intru-
sives, (2) intrusives forming the batholith and {(3) post-batho-
lithic dikes. The pre-~batholith intrusives crop out wherever
pyroclastics are present and represent intrusives associated
in time with the deposition of the pyroclastics. This group
comprises dikes and sills and are probably represented as
extrusives in the flows of the Tortola formation and as frag-
ments throughout the pyroclastics.

The batholithlc rocks are predominately tonalites
and consist of many compositicnal and ftextural variants. They
crop out on Virgin Gorda, eastern Tortola and on the small is-
lands between Virgin Corda and Tortola and they probably have
consliderable underwater extension between Virgin Gorda anﬁ
Tortola and to the south of Torteola. They appear to be later
than most of the pyroclastics; however, the welded tuffs in
the Necker formation, as well as the granophyre and diorite
fragments, indicate that some of the pyroclastics are younger
than the batholith. The welded tuffs of the Necker formation
are probably the extrusive equivalenfs of some portions of

the batholith.
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The third group consilsts of dikes and sills, some of
which are assoclated with late magmatic activity and some of
whlch were intruded considerably later and are apparently as-

soclated with the development of the Anegada trough.

Early Intruslves

Most of the early intrusives represent intrusive
equlvalents of the pyroclastics., They are most commenly ob-
served as thin andesite or augite-~andesglite dikes. They are
micro-crysta;line, oceasionally porphyritic, and are concen-
trated in local areas, the intervening areas having relatively
few dikes. The best exposed example of these dike swarms is
on the northern shores of Jost van Dyke and Little Jost van
Dyke. Numerous examples were also observed on southern Jost
van Dyke and throughout Tortola, but since most of these exw.
posures have been moderately metazmorphosed and the dikes are
now difficult to recognize; many probably went unnoticed.
Their petrography is very similar to the pyroclastics, except
that they are slightly coarser grained; three examples, JVD-4,
JVD-6 and JVD-56, are discussed in Appendix G.

Several andesite dikes have a marked banding parallel
to the walls which 1s represented by alternating bands of
aphanitic and porphyritic aphanitic andeslite which were prob-
ably produced by movement of the magma during crystalliza-
tion. These bands are from 2 to 6 lnches thick and are cone-

tinuous for distances up to 20 feet along the dike.



85

Besides the andesite dlkes mentloned above, several
metamorphosed basalt and porphyritic basalt dikes are present.
Cne of these has inclusions of quartz diorite in it which in-
dicates that it 1s later than at least part of the batholith.
In addltion to the metamorphosed basalt dikes, several unmeta-
morphosed porphyritlic basalt dikes wlith columnar Jointing
intrude the upper portion of the Necker formation--these in-
trusives are thus thought to be later than the baftholith.

The only basalt dikes known to be pre-batholith have bheen at
least mildly metamorphosed so that thelir original character
15 at least partially obscured; three descriptions, T-%6,
T~-131 and JVD=20, of these dlkes are included in Appendix G.
These are virtually eguivalent in c¢omposition to the porphy=-.
riticbhbasalts tobe deseribed later under post~batholithic
dikes.

Several other minor veriants were also observed in
the pre-batholithic dikes. Most notable of these is a fel«
site dike outcropping on the hill west of EBoad Town, Tortola.
This dike which was the only one of its type observed, may
repreosent the iuntrusive equlvalent of some of the pyroclastios
of 'the Shark Bay member of the Tortola formation., Itg de-

scription, T-177, 1s included in Appendix G.



VIEGIN GORDA BATHOLITH

Introduction

Granitic rocks are moderately well exposed through-
out much of the eastern half of the British Virgin Islends,
and are here named the Virgin Gorda batholith after the 1sland
of Virgin Gorda which consists almost entirely of granitic
rocks and comstitutes the largest exposed granitic mass in
the islands. Although actual exposures or land areas under-
lain by the granitic rocks are only sbout 13 square miles,
the loglical subsea extensicns and connections between isglands
total over 100 square miles and thus the term batholith has
been épplied,

In order to develop a general feeling for the hetero-
geneous yel systematic variation within the batholith it will
first be described in general terms. This general descrip-
tion will be followed by detaliled descriptions of some of the
typical rock types.

Geperal Description

The major exposures of The Virgin Gorda batholith are
on the islands of Virgin Gorda, Great Dog, George Doz, West
Dog, Fallen Jerusalem, Scrub, Great Camanoe, Little Camance,

Beel, and eastern Tortola. Portions of the batholith szlso
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are exposed along the shores of Ginger, Cooper, snd Salt Is-
lands and on eastern St. John and western Tortola, Other
plthns are present but probably mnot directly connected with
the batholith. Two of these are om Ginger, Cooper, Salt,
Peter and Norman Islands and a third ig west of Tortola be-
tween Jost van Dyke and Great Thatch Islands. This latter
pluton was never seen, however, and itsg position and size
can only be estlimated from the metamerphic halo surrounding
it.

The Virgin Gorda Batholith has a total land area of
13.2 gquare miles, including several large screens. However,
it 1s quite certaln that the batholith has considerable under-
water extenslons and 1f these are also considered, a conserva-~
tive estimate of 1ts area 1s aboui 102 square miles, including
22 square mileg of its western extension, the Narrows pluton.
The other major plutons can be egtimated to have areas of
38 square miles for the Jost van Dyke pluton; 10 square miles
for the Peter Island pluton; and cne square mile for the
Cooper pluton.

Tonalite is the most abundant rock type in the batho-
lith, with considerable variation in both texture and composi-
tion. No sharp contacts between textural or compositionsl
phases were seen in the course of fileld mappling in the central
portion of the batholith. However each of the textural types
could be distingulshed on a broad scale. The contact zones

between compositional or textural phases appear to be grada-
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tional over distances of tens to hundreds of feet; the only
exceptions are the late pegmatites and granite dikes which
have sharp borders with the tonalites, granodiorites, and
gabbros which comprise the bathelith. A few members 1n the
northern part of the batholith alse have sharp contacts.
However the textural varlations in thls portion of the batho-
lith are so frequent that they were of little uge in deter-
mining age relatlons. Thilis lack of sharp contacts made the
field determinatlon of the sequence of intrusions virtually
impeossible. However the granites and granophyres, and one
cf the granodicrites were seen to be later than the tonalites
and gabbros. The lrregular distribution of the gabbros alse
suggests that they were an early phase which has later been
intruded by many other rock types as would be expected 1f the
rocks 1n the Virgin Gorda bathollth have followed a crystal-
lization trend similar to other calc-alkaline series.
Contactes with the surrounding meta-pyrcelastic rocks
are present in the central portlons of Virgln Gordas, on Tor-
tola along the eastern and southern margins, and on the
chain of iglands between Virgin Gorda and St. John. Wherever
observed these contacts are steeply dipping, usuzlly having
approximately the same attitude as the surrounding metapyro=-
clastics. Numerous inclusions are present along these con-
tacts; thoge 1n the lower portions of the bathelith have been
drawn ouﬁ and now appear as schlieren. This results in a

streaked and feliated border zone in which the exact position



Figure 22,

Typical exposurs of grancdlorite boulders
ng the southwestern shore of Virgin Gorda.

Pigure 23. Anastomosing
granite dikes cutting am~
phibolites on northwestern
Salt Island. Considerable
shearing 1ls evidenced in
these asmphlbollites and g
weak foliation 1s present
in the granite dikes,



Figure 24, View of inclu-
slon rich tonallite along =
the northern border of the
bathelith. This is a view
of a 150 foobt cliff on the
western shore of West Dog
Island.

Figure 25, Hand specimen from an inclusion rich tona-
II%e similar to that in Filgure 24. The sample is from
near Josiah Bay on Tortola.
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of the contact between the intrusive and the wall rock is
uncertain. The inclusions in the upper portion of the batho-
1ith ocecur as angular to rounded blocks with sharp borders.
The contact between intrusive and wall rock in this position
of the batholith is sharp and near vertical, as 1z the dip

of the metasediments. The contact ls not conformable, how=~
ever, since it crosscuts bedding along strike.

Many of the individual plutons within the bathollth
are much less than one square mile In extent and mappling on
a scale such that these individual plutons would be adeguately
delineated was deemed impractical considering the time avail-
able. HNo major structural features within the batholith were
able te be mapped due to the Arregular and indistinct nature
of the contacts. Several minor fault displacements have been
postulated on the basis of the offsetting of otherwise very
continuous 1ampr$phyre dikes. These displacements are only
conjectural, as the actual fault planes or displacements
were never directly observed.

Toward the northern border of the bathollith, the con-
tacts become sharper and the grain size decreases, whleh
reflects the proxlmity of the margln of the batholith, in
this case the top, where cooling was more rapid. Along with
this decrease in gverage crystal size, an lncrease in the
amount of local textural variation occurs, as the result of
local concentration of volatiles and reheating by subsequent

intrusion. Thls increase in loczal textural wvariatlion obscures
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the added definitlion produced by increased sharpness of con-
facts and as a resullt very little detasiled mapplng could be
accomplished. Textural features are seldem similar for more
than a few adjacent cutcrops and the appsrent composition,
baged upon mode of weathering as well as mineralogy, also
changed over short distances. All this leads to the recogni-
tion of over 40 apparently different plutons, each restricted
to about two dozen outcrops at the most, in an area of less
than two square miles in the vicinity of North Soﬁnd, Virgin
Gorda. Consequently 1t was declded to map this portion of
the batholith as one unit with the ounly unit within it being
large masses of metasediments.

On Virgin Gorda, samples were takeﬁ whensver the
rock type appeared to change; additional samples were taken
if the rock type continued for some distance. A total of
246 samples were taken on Virgin Gorda. On the other islands
fewer samples were taken, The general rule being to take a
representative sample whenever major change in either texture
or composition took place.

The samples were then compared and about 120 thin
sections were made from the total of about 300 samples. An
attempt was made to make at leasi one section for each tex-
tural or compositional type with as little duplication as
possible. ©Of these 120 gections 77 were selected for Rosi-
wal analyses, of 1,000 points each. These selected 77 sec-

tlons were no longer entirely representative of all the rocks
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Figure 26. Typlcal specimens of the coarse gralned portions
) e bathollth.
VG~110 Coarse olivine gabbro VG-116 Coerse gabbro
VG-15 Coarse tonalite B=-21 Coarse diorite
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Plgure z7. Typlcal speclmens of the finer gralned portions
o e

Patholith,
T-207 Granite dike =11 Coarse tonalite
V5+181 Fine tonalits VG=-19 OGranocdiorite

VG~29  Fine diorite VG-41 Flne granodicrite
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in the batholith since many of the sectlons that were re-
Jected were either very flne grained or granophyric. Since
the granophyres represent the most potassium rich portion of
the batholith other than the later pegmatites and granite
dikes, Insufficlient evidence regarding late crystallization
trends was gathered. This can be readily observed on the
accompanyling diagram (Figure 36),

The names used to desceribe the rocks of the batho-
lith are based upon the color index and quartz percentages
and not upon the compositlon of the plagloclase or the type
of ferrcmagneslan mineral. It closely follows that given by
Hatch, Wells and Wells (1949)., Thus 2 rock counsisting of
16% quartz, 59% andesine and 22% diopside has been called a
pyroxene-tonalite even though a tonalite should have horn-
blende and/or biotite present. Likewise a ro¢k congisting of
L6% calcic bytonite and anorthite, olivine, hypersthene, and
augite has been classifled as an olivine-hypersthene gabbro
even though it should be called a eucrite,

The percentages of mineral constituents glven in the
descriptions are all volume percentages. The plagloclase
composition was determined by Ny In oils where plus or minus
values are reported. The other compositions are based upon
2V and twinning measurements on the U-stage and have an un-

certainty of about Anx+?,
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Petrography

Granitic rocks in the British Virgin Islands consist
of three textural types: (1) medium %o coarse gralned foliated
granitic rocks in the lower portioms of the batholith, (2) med-
ium grained, equigranular, homogenecous granltic rocks in the
central portion of the batholith, and (3) fine grained to
porphyritic granitic rocks in the upper part of the batholith.
Thegse textural variations are a function of the deﬁth of burial
at the time of crystallization. The depths being as follows:
{1) depphs greater then five miles, {2) depths between one
and five miles, and (3) depths less than one mile. Local
exception to these general zones exist; but are not common.
The depths given are taken from areas surrounding the major
portion of the batheolith as very litile structural contrel
is present within the batholith itself,

Inclusions are rare in the upper and lower zones of
the batholith but are common in the central portion, particu-
larly near the contacts with the metasediments. These lanclu-
slons have been completely recrystallized, however their
retrography suggests that their bulk chemistry has undergone
only slight change. DMost contaln no free guartz although the
rock which encloses them may have up to 40% quartz. Inclusions
are most abundant in the tonalitic and granodioritic portions
of the batholith. Thelr size varies from fractions of an
inch to about 18 inches., Near the margins of the batholith

the inclusions locally constitute upwards of 60 percent of
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the rock (See Flgures 24 and 25 ). In the lower portion of

the batholith they have undergone a higher degree of disin-
tegration and are now seen as schlleren, parallel to the folia-
tion 1in the enclosing granitic rocks. All of these inclusions
are metasedlments, most of them having been derived from the
andegitic volecanles and volcanic wackes comprising the Tor-
tola and Tutu formations. In addition several inclusions
consisting entirely of garnet and diopside and apparently
derived from calcareous tuffs were noted as float blocks on
Virgin Gorda near Collison Point.

The granitic rocks of the batholith are equigranular,’
light colored rocks (the color index is generally less than
30), eXcept forthe schistosityand inclusions and a few porw
phyritic granodiorites in the upper 5,000 feet of the batho-
1ith and the gabbros which account for only about 10 percent
of the batholith. The general range of composgiftion ls given
in Plgures 35 and 36.

The plagioclase in the batholith varies in composition
from about An95 te near Anu. The variation in zoned crystals
in any one rock is no more than half and usually abeout cne
third of this range. The more basic rocks, i.e., the gabbros,
diorites and some tonalites show a marked zoning of the plagio-
clase, usually in several distinet composltional intervals,
rather than a gradual series from calcic to more sodic plagio-
clase. In each of the rock types the plagloclase is more cal-

cie than 1z to be expected. These compositional ranges,
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including zoning, are An for gabbro, An for diecrite,

70-95 5080
AnﬁO—?O for tonzlite, An20_50 for grancdicrite and An

0-25
for the granitic end members. In the gabbros and diorites
the plagioclase 1s subhedral or euhedral and in several sam-
ples shows & strong dimensional orientation. In the less
baglc rocks the plagioclase 1s subhedral or anhedral.

Pyroxene is present in about half of the gabbros,
diorites and tonalltes studied. It has been highly altered
to form hornblende (amphibole with green to brown pleochroism)
and/or a light green to colorless amphibole, possibly actino-
lite, or cummingtonite, in some cases prior to complete crys-
tallization, Both hypersthene (Mg?O-?EFeZS-BO) and augite
were recognized. Exsolution intergrowths between the two
was not geen, possibly due to the urzslitiggtion present in
these samples.

Olivins (Fo75_80Fa20_25) is present in a few of the
most basic gabbros.

The descripticns below present in detail some of the
textures of the more abundant rock types comprising the batho-
lith. Their order 1s baslic to acid, but this does not neces-
sarily represent the order of intrusion as they come from
widely separated portions of the batholith, between with
there is little cerrelation,

Typical of the most baslic of the gabbroic rocks is
VG-110. 1Its description is followed by descriptions of two

slightly more acld varileties, VG-239 and VG-131, which show
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a moderate to strong dimensional orientation of the plagio-
clase crystals, 1lndlcating that they may be a product of
differentiatlon by crystal settling and thus not ke directly
related to VG-110 which is an olivine-hypersthene gabbro

{eucite).

VG-110 The gample is a dark grey olivine-hypersthene gabbro
consisting of plagloclase, olivine, hypersthene, augits,
several amphiboles, magnetite and llmenite.

The olivine, Fo?aFazz (=2V = 870}, . was the first
ferromagnesian te crystallize and is now largely replaced
by magnetite and serpentine. It occcurs as irregular frac-
tured grains within large hypersthene crystals, the frac-
tures having been sites of alteration to serpentine and
magnetite. The hypersthene, Mg75F625 (-2V = 68° ), has
in turn been largely replaced by at least three varleties
of amphibole and possibly also by some augite with which
it locally has intergrown edges.

Plagioclase, which makes up 46 percent of the rock,
began to crystallize shortly after the olivine or may have
been crystallizing simultaneously with it. The early
plagioclase 1s seen as small euhedral grains within the
hypersthene associated with olivine but never in contact
with 1t. Most of fthe plagloclase lsg in the form of euhedral
to subhedral crystals varying in size from 0.5 to 6 mm.
The larger of these crystals are slightly zoned and have

a composlition varying from An94 to An84’ the smaller
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early-crystals being more calcic than the later larger
crystals. Many crystals have a very thin rim of more
sedic plagioclase around their borders.

The opaques are always anhedral, some beling inter-
stitial to plagioclase, and sppear to have crystallized
during the alteration of the olivine to hypersthene.

Augite (+2V = 529) began to crystallize after most of
the hypersthene was formed. The auglite has subsequently
been largely replaced by hornblende.

The amphiboles occur as three distinct types. The
most abundant form is a somewhat fibrous green uralite .
that has formed as an alteration of interstitial augite and
to a lesser extent after the larger crystals of augite.
The second most abundant form of amphibole is a brown horn-
blende that always occurs as well crystallized, intersti-
tial crystals in areas adlacent to hypersthene. This form
of hornblende 1s a primary counstituent of the rock ahd was
not found as an alteration of pre-exlsting minerals. The
thiréd form of amphibole is probably a member of the cum-
mingtonlte series and occurs as a lale alteration of the
hypersthene crystals.

No evidence of dlmenslional orientation of crystals 1s
present in the thin section suggesting that the sample was

not fermed by crystal accumulation,

VG-239 The sample 1s a coarse gralned pyroxene gabbro in

which most of the pyroxene, an auglte, has been altered
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to hornblende, probably prior to final crystallization
since the horunblende does not have a uralitic texture.
The plagioclase ranges in composition from about An?o to
Ango with most gralns having a compositlon near An?8t3°
The larger grains (to 5 mm) are subhedral to euhedrsl while
the smaller crystals are anhedral and are present in inter-
stitlal areas between the larger grains. No appreciable
change in composition 1s present between large and small
crystals. Magnetlte and ilmenite (determined in polished
sectlon) are present in subhedral Lo euhedral grains en-~
closed wlthin hormnblende, Several euhedral grains are
enclosed within the outer portions of large plagloclase
crystals. The hormhlende 1is restricted to anhedral masses
usually f1lling interstitial areas between large plagio-
clase crystals; a few hormnblende crystals are subhedral to
euhedral, but always encloged within larger anhedral horn-
blende crystals.

A slight preferred orientation is present in the large
crystals indicating that they may have accumulated by crys-
tal settling, however no evidence of this was observed in

the field.

VG-131 The sample is a grey medium grained gabbro consisting
of 66% plagioclase, 12% hypersthere, 7% augite, 12% amphiw
bole and 3% magnetite and ilmenite. A trace of biotite is
also present.

Plagioclase occurs as euhedral crystals up to 3 mm ln
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diameter and with an average between 1 and 2 mm. The com-
peosition varies from RnéBtj for the cores to Anuo for the
rims of the more strongly zoned crystals. A very strong
dimenslonal orientation is present in the plagloclase crys-
tals, even within large polkilitic hypersthene crystals,
suggesting orlentation by crystal settling. However, no
megascoplic evidence of this was observed.

All the other minerals are anhedral and occur as
interstitial fillings between the euhedral plagioclase
crystals., The hypersthene has a composition of Mg7OFe30
(=2V = 62°) otherwise the compositional, textural, and
time relationships are exactly the same asg in VG—}lO, in-

cluding the three types of amphibole alteration.

Tonalites are the most common rock type in the batho-
lith and have a very large textursl and compositional varia-
tion, Typlcal of the coarse grained tonalites is GeD=-2.
VG-26 1g coarse grained but intermediate in composition be-
tween the tonalites and granodiorites, VG-=194 is an uncommon
type of pyroxene~tonalite that occurs at several localities

in the upper portion of the batholith.

GeD-2 The sample is a medium grained tonalite consisting of

mildly zoned subhedral plaglioclase crystals (An5 ) 1 to

5%5
2 mn in length with Interstitial quartz and biotite. Eun-
hedral to subhedral hornblende (to 2 mm) and anhedral mag-

netite (to 0.7 mm) are also present and either crystallized
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earlier than or along with the plaglioclase. Accessories
include sphene and apatite,

The quartz is present as large (to 4 mm) rounded grains
showling considerable breakage and surrounding small euhedral
plagloclase crystals. Several examples are present in
which interstitial quartz is optically continuousg over
areas greater than 6 mm.

The blotite 1s always anhedral against plagloclase and
fillg interstitial areas, but it is eunedral against guartz
suggesting it crystallized prior to the quartz.

The crystallization sequence 1s: plagioclase, mag-
netite, horunblende, biotite, quartz, with considerable
overlap between plagloclase and the others. The mode shows
60% plagioclase, 27% quartz, 9% blotite, 2% hornblende,

1% magnetite and traces of chlorite, calcite, sphene, and
apatite. Chlorite occurs as an alteration of bilotite
which is restricted to the margins of the blotite or to
thin septa along the cleavage 1n the blotite. No ortho-

clase l1ls present.

VG-26  is very simllar to GeD-2 above except that 3 percent
interstitial orthoclase is present; hornblende is also
present in more abundance and in larger crystals (ﬁp to
4 mm)}. The hormblende 1s much more anhedral and some crys-
tals apparently have cores of replaced pyroxene. This sam-
ple is from a portion of the batholith intermediate in com-
position between tonalite of GeD-2 type and granodiorite of

VG-226 type (p. 101).
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VG-lg& The rock is & very light green pyroxene~tonalite con-
sisting of 59% plagioclase, 16% quartz, 22% diopside, 2%
sphene, and 1% sericite as a alteratlon of the plagioclase.
The diopside (+2V = 56° L 0.5%, ZA C = 41°) is diseminated
throughout the sample as small (up to 2 mm, average 0.6 mm)
anhedral grains. The sphene i1s always assoclated wlith or
incorporated wilthin aggregates of dlcopside. No cther ox-
ides are present.

Plagioclase 1z present as anhedral to suhedral graiuns
(to 2 mm)}, the more euhedral of which show strong zoning
with the central core largely replaced by sericite. The
compositlon of the less strongly zoned gralns is about
An52 for most of the crystals wlth & compositlon near Anuo
for the outer zones.

Quartz is present as anhedral interstitial grains
between the plagloclase and diopside crystals. It shows

no undulatory extinction and has net been fractured.

The above samples are typical of the ccarse grained
tonalitic portions of the bathelith, Fine gralned tonalites
are present in the upper portion of the batholith in the
viecinity of North Sound, Virgin Gorda; however these show
considerable replacement by quartz and K-feldspar. This re-
placement 1s virtually restricted to the upper five to seven
thousand feet of the batholith and is thought to represent
alteratlon by solutions gilven off by later tonalites and

grenodiorites lower in the batholith.
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Granodlorites are less abundant than tonalites yet
they comprise about 25 percent of the batholith. As 1in the
tonalites, considerable variatlon in both composition and
texture is present between the various rocks classified as
granodlorites. VG-226 1ls a typlcal example of a coarse grained
granodliorite occurring in the lower part of the batholith,
particularly on southern Virgin Gorda, while VG-188 is rep-
resentative of the fine gralined equigranular granocdiorites of
the upper part of the batholith, In addiflon to the coarse
and fine grained granodlorites several other textural varila-
tions are present, the mest common being a porphyritic grano-
diorite represented by VG-164 which crops out near the top
of the batholith.

VG-226 1ig a sample of the tonalitic to granodioritic rock
exposed on the socuthern peninsula of Virgin Gorda. The
sample is coarse grained granodiorite composed of 32%
quartz, 47% plagioclase, 8% orthoclase, 3% hornblende,

7% blotite, 1% magnetite and alteration minerals consist-
ing of Seriaite and chlorite. Traces of epidote and sphene
are also present. The plagioclase conslists of subhedral

to euhedral orystals (to 4 mm) having a composition vary-
ing between An58t3 in the corse to An28t3 at the borders.
The plagioclase crystals are enclosed in quartz (to 4 mm),
which is fractured but shows no undulatory extinctlon; in
bilotite (to 1 mm), which is replaced along the borders and

cleavage by chlorite; and in interstitial orthoclase that
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ig optically continuous over areas greater than 6 mm in
diameter. The crystallizatlion sequence was plagloclase, -
hornblende, quartz, magnetite, blotite, orthoclease with

considerable overlap between neighbors.

VG-188 The sample is a grahodlorite couslisting of 31% quartz,
51% plagioclase, 11% orthoclase, 4% biotite, 3% magnetite
and traces of chlorite, sphene, serlclite and zircon.

The plagioclase crystals (An35 to 157 °OTe to rim)
average about 1 mm in length and consist of anhedral crys-
tals, most of which contain a well twinnhed, slightly zoned,
euhedral core. 1t has been glightly éltered to serlcite
along cleavage planess; and some of it has been replaced
by orthoclase which normally occurs as interstitial fill-
ings between quartz and plagioclase crystals. Sericite
and albite are also replacing the cores of some plaglo«
clagse crystals.

Riotite, some of which has been altered to chlorite,
sphene and magnetite is dlseminated throughout the sample
as anhedral grains smaller than 0.5 mm, most of which are
assoclated with the orthoclase in Interstitial areas.

Quartz 1s present interstitlial to plagloclase but
crystallized earlier than ortholclase and is probably
later than, or egulvalent to, the accessories of magnetite,
sphene and biotife. It has replaced plagloclase along the
borders of many grains possibly to an extent of about 5
percent of the rock. It is highly fractured and shows

undulatory extinction.
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VG-164 The sample is a porphyritic granodicrite, comsisting
of 38% quartz, 49% plagioclase, &% orthoclase, 2% bilotite,
2% amphbibole, 1% magnetite along with traces of chlorite,

. zlrcon, apatite, and sericite.

The quartz occurs as small (to 0.5 mm) crystals in
a fine matrix surroun@ing the large plagiloclase and guartz
phenocrysts. Many of the large (to 5 mm) quartz crystals
are polygonal in outline, indicating that they were orig-
inally F?-quartz; gome are six sided, others four sided,
and some triangular, all with an irregular over-growth of
later quartz which is delineated by plagioclase inclusions
parallel to the original margins of the crystal,

The plagioclase phenocrysts (to 4 mm) also show quartz
and plagioclase incluslons parallel to zoning which is
moderately to well developed. The composition varies
from about An65 to Anl5 from core to rim. Most of this
change occurg ln the last 10 percent of the crystal, the
interior portion being weakly zoned and of very near the
same composition throughout. The plagioclse phencerysts
continued to grow until very late in the crystallization
history as thelr outer zones include quartz and plagioclase
belonging to the groundmass. Most of the groundmass plagio-
clase probably has a composition near Anzo with more calcic
cores than margins. The guartz and plagloclase of the
grouﬁdmass are eguigranular and always anhedral.

The amphibecle 1s fibrous and occurs in subhedral ag-

gregates associated with magnetite. It probably is an
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alteration of an earlier ferromagneslan mineral such as
pyroxene. Some of the amphibole may also be primary in
that it does not have the patchy appearance assoclated
with the above sggregates. This latter amphibole has a
green pleochroism.

Biotite is also assocliated with magnetite and may
also represent a late alteration. However, most of 1t has
been altered to chlorite obscuring the original textures.
Nevertheless, it was formed prior to the plaglioclase and
orthoclase of the groundmass, but after much of the guartz.

Orthoclase is present in interstitial areas in the
fine grained portion of the sampls, and is replacing the
borders of the plagioclase with which 1% is in contact.

late sericitic alteration is present in several of
the plagloclase phenocrysts and ig restricted to the frac-
tured portions of the rock, indicating that it formed after

deformatlion and not ag a simple deuteric alteration.

Extensive sllicification is present in mwany portlions
of the batholith, particularly in the upper 7,000 feet. The
best examples of thls’silicification occur in the vicinity
of North Sound, Virgin Gorda. In gome cases the silicifica-
tion is restricted to fractured zones within otherwise un-
silicified rocks. Eowever the usual case 1s for quartz to
have replaced the borders, and in some cases central portions,
of plagioclase crystals which were in contact with pre-exist-

ing quartz. Several exanples were noted in which an amaeboid
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mass of plagloclase, representing one original large crystal
of plagloclase, was entirely enclosed within a large quartz
grain. Two examples of this silicification are shown in
Figures 28 and 29.

The only granites in the British Virgin Islands occur
ag dlkes or ag a fine grained phase of a pegmatite. They occur
in thin, rarely more than 20 feet thick, dikes usually dipping
about 20 to 30 degrees to the north or northwest. Principle
exposures are on the islands of Cooper, Sz2lt, Dead Chest,

Great Thatch and on Belmont Point on Tortela. Several granitic
and pegmatitic dikes are also present on northwestern Beef
Island and on northern Virgin Gorda. Most outcrops of the
granites and pegmatites were in the amphibolites surrounding
the batholith; only a few cases were noted where they actually
cut the bhatholithle reocks. The dikes are very continuocus

and in the vicinity of Sz2lt Island individual dikes were rec-
ognized for distances of several niles.

In thin section these dikes consist of 30% quartz,

30% plagioclase (oligoclase) and 40% microcline. The only
minerals present other than the essentlal constituents are
traces of magnetite and blotite, their sum always beling less
than 1 percent of the rock. A very small amount of microperth-
ite is present in some of the microcline crystals accounting
for less than 1 percent of the wineral. Myrmekite and patch
prerthite are also present along the borders of the plagloclase

grains. Most of the plagloclase crystals show a slight altera-
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tion to sericite and to very fine grained clay mlnerals. A
foliation has developed in these dikes, produced by a pre-

ferred orientation of the long axes of microcline crystals

and aggregates. Thls follation was not noted in the field

so its relation tc the dike walls 1ls unknown.

All of the grains are mlldly fractured, the feldspars
usually being fractured parallel to the folliation while the
gquartz, which shows undunlatory extinction, has been fractured
at right angles to the follation,

In the shallower and more pegmatitic dikes the above
mentioned myrmekite apparently changes to a graphic inter-
growth which is present between both orthoclase and quartz
and plagioclase and quartz. Thls graphic texture becomes
very [ine grained in the shallowest intrugives of this type
which have been classified as grancphyres. The amount of
plagloclase present 1n the shallower, more pegmatltic dikes
1s much legs than in the granite dikes, being about 15% vs.
27%. The quartz to K-feldspar ration is about the same. In
the granophyres the amount of K-feldspar seems teo be about
the same as or slightly less than in the granite dikes although
thls 1s by no means certain due to the extremely finely inter-

grown character of the granophyres.

Layered Cabbro

In additlon to the gabbros mentioned above an unusual

variant ocecurs on the polnt south of Plum Tree Bay on north-
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Figure 30, Hand speclimens of layer gabbro (VG=112) showing
——— e, i

anding and grading.
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F1§§re 2%. Beach boulder of layered gabbro (VG-112) showing
we grading and a pronounced scour channel (Jjust above pencil).

Flgﬁge 2. Layered gabbro from southern Salt Island showing
weak grading and scour channels.
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western Virgin Gorda. This gabbro is layered with the layer-
ing varying from 1/2 inch to 4 or more feet. It consists of
alternate bands of amorthositic gabbro (some containing about
95 percent plagioclase) and gabbro containing less than 40 per-
cent plagloclase. Numerous examples of grading are present
(See Figures 30 and 31) with hornblende and pyroxene belng
concentrated at the bage of the layer immedlately above a
sharp contact with the plagioclase rich portion of the pre~
vious layer. The abundance of dark minerals decreases up=-
wards, as does the average graimn size of the plagloclase,
until the uppermost portions of the layer conslst of plagio-
class with % very little hormblende and magnetite as inter-
stitial fillings between the plagloclase crystals. Structures
such as cross-bedding and scour channels are also present in
some portions of the layered sequence (See Pigure 31). A
petrographic description of this occurrence ig given below,
Two other examples, VG-239 and VG-~131, showing a strong dim=-
ensional orientation of plagloclase crystals but no mega-

scopic banding, were described with the gabbros (pp. 96 and 97).

VG~-112 1is a dark grey coarsely crystalline stratified anortho-
sitlic quartz gabbro. The composition is varlable from an
anorthosite consisting of 94% plagioclase, 4% hornblende,

1% magnetite and ilmenite and 1% quartz to a gabbro con-
sisting of 55% plagloclase, 25% augite, 12% horublende,
7% magnetite and ilmenite and 1% quartz.

The plagloclase 1g strongly zoned with a core of
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lebradorite, AnéBtj’ followed by a zone consisting of lab-
radorite of composition near An54 which 1s in fturn surrounded
by andeslne of composition about An) 4. The first two zones
are euhedral. However the thin outer zone is intergrown
with neighboring plagioclase crystals,

Augite, along with magnetite and llmenite, occurs as
anhedral Interstitial crystals. Most of the augltes are
twinned, many poiysyntheticaglly. Their composifion is une
known as the grains have been largely replaced by horn-
blende. This replacement 1g not restricted to the margins
but occurs as a very fime infergrowth or uralitization
throughout ths pyroxene crystals.

In polished section magnetite and ilmenite both show
eXsolution of hematite lamellae. The ilmenite also has
exsolved rutile and possibly other titaniferocus minerals.
Magnetite is more abundant in the masslve gabbroic portions
of the sample while ilmenite is predominate in the anortho-
sitic layers. In the gabbroic layers the llmenite has
"sandwich" sfiructures with the magnetite and appears to
have exsolved from it. If so, the original oxids was
about 40 percent, by volume, ilmenite.

The long axes of the plagioclase crystals show a
strong preferred orientation parallel to the megascopic
banding in the hand specimen. This, along with the com-

positlonal banding, suggests an origin by crystal settling.

Several other examples of this type of rock are present
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in the British Virgin Islands, notably on Salt Island. These
eXamples are near a fault and have been crushed and somewhat
altered. In addition to the plagioclase, hornblende, augite
and quartz observed in VG-112 these samples from Salt Island
have about 3 percent orthoclase formed during the alteration
of the blotlte. A megascopic banding with indistinct crossg-
bedding (See Figure 32) is also present in these rocks.
However the microscopic dimensional orientation has been ob-

scured by fracturing and is at best only a suggestion.

Composition

Cleve (1871) made several analyses of granitic rocks
from the Virgin Islands. Thege analyses (Figure 133), along
with one from Donnelly (p. 1l42a), have been plotted on a
variation diagram (Figure 34) using the method of Larsen
(1938). In addltion these analyses were recalculated to norms
and plotted along with the modal data in an attempt to deter~
mine what the orlginal rocks had been, as no petrographic
data nor precise localities were given by Cleve. From this,
analyses 3, 8 and also possibly 6 appear to be unusual vari-
ants not directly related to the main crystallization trend
and thus they have been welghted less in placing smooth curves
Through the points on the varlation diagram. These analyses
could, however, be in error only in SiOz and A1203 which are
seen Lo vary antipathetically in all cases while the other

oXldes show little variation. 1If some Alzo and 8102 were

3
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interchanged so as to put them on the smooth curves between

the nelghboring analyses, then thisgs would also have the ef-

fect of moving the norms nearer to the crystallization trend
given by the modes.

For purposes of comparison two sets of curves have
been superimposed upon the curves for the Virgin Gorda batho=-
lith. These are the sequence,; average gsbbro to average
granite (Daly, 1933) and the Southern California batholithic
rocks as glven by Larsen (1948). The first of these two exam-
ples has no particular significance to the present werk in
itself but is included here strictly for comparison, because
it represents an abstract average of continental rocks. The
second ls a well studied real example close to that average
which may be significant to the present work in that it may
represent a nearly equivalent set of rocks that were emplaced
along the marglin of a continent rather than in an oceanic
area.

The three curves have about the same ghape and ap-
proximate position (See Filgure 34 ) in the range -8 to +5

on the sbscissa which is the sum 1/35i0,, + K.0 - Mg0 - Cal

2 2

- total iron as Fel. The more bagic portions of the curves,
‘.e., abscissa values less than -8, have considerable varia-
tion which is due in part to the problems of analyzing rocks
which may have undergone varylng degrees of crystal settling.
The most noticeable divergence in this range in rocks from

the British Virgin Islands is that they are considerably
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lower than average in MgO and Na20 whlle having excesses of
FeQ and to some extent Cal and possibly Alzoja Az mentioned
above some of these divergences are probably the result of
sampling strongly differentlated or contaminated units that
don't really fall on the general crystalllzation trend; e.gs,
an oxide rich anorthositic gabbro. However, some of this
could be due to real differences in the composition of the
originzl magma as wlll de discussed later.

The only notlceable difference in the three curves
in the middle of the range is that the K50 content 1s con-
slderably below the other curves and the FelO content 1s
slightly higher. This may indicate that the magma from which
the Virgin Gorda hatheolith was derived was unable to assimi-
late any potassium-rich material since it had no continental
crust through which to intrude. This divergence in K,0 be-
comes more marked as the rock becomes more acid,

For composlitions in the range above +5 on the absclssa
considerable divergence from the other two curves ls present.
The most important variations are that K,0 1s 1% to 2% low
throughout the range while Na,0, and to a lesser extent, Ca0,
are considerably above the other curves. 5102 is also slightly
higher and Pel is considerably lower than the other curves.
MgO interestingly encugh has remained about the sams.

In summary these varlation diagrams seem to indlcate
that: (1) the magma was unable to either get or keep suf-

filcient Mg0 until the more acld phases which reguired very
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little MgO; (2) the magma was unable to get or keep sufficient
Kzo at any stage in its history, probably not even 1ln the peg-
matitic phases; and (3) comnsiderable variatlon is present in
the magma probably as the result of two processes, namely as-
similation and crystal settling. Assimilation had its great-
est effect on the more acld members while crystal settling is
probably the cause of much of the variation in the baslec por-
tlons of the curves.

In order to gain some idea of the c¢rystallization
and compositional trends within the batholith the 77 modal
analyses mentioned above were plotted on two triangular dla-
grams with the vertlices belng plagiloclase, quarftz, and K-feld~
spar in one casge and feldspar (plagioclase-+ K-feldspar),
quartz and total dark minerals in the other case. Thesge are
shown in Figures 35 and 36 respectively. As was nentloned
earlier, the potassium rich porticons have very few points
on the dlagrams for two reasons: first, the batholith is con-~
sistently low in K20 with respect to other composite batho~-
liths; second, the sections that did have appreclable K-feld-
spar were so fine grained or wers so granophyric that the
Bosiwal analyses were thought likely to be in considerable
error and thus were not included.

The diagrams show a conbtlnuous variation from gabbros
to dlorites to teonalites to granodiorites to granophyric
adamellites and finally to granite pegmatites which are not

ircluded because they were much too coarse grained to be
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counted accurately. This continuous sequence is well substan-
tiated as far as the granodiorites with a large break present
between the granodlorites and the adamellites. This break
would be considerably narrowed if the finer grained samples
were included as their gpproximate modes fall in thls range
and ln the range between the adamellites and the granite peg-
matites which contaln less than 30% plagioclase and 30 to 40
percenthuartzo

In the tonallite to granodlorite range two separate
compositional trends are present, particularly on the plagio=
clase~quartz-K-feldspar dilagram. One of these starts at
P60Q40K0 and Jjolng the main compositlonal trend at about
PygQ3yK1g. Most of these samples show replacement by quartz
and thus 1t iIs likely that they all represent samples that
have had up to 8% quartz added since crystallizatiomn.

The more basic end, in the gabbro to diorite range,
Figure 35, shows & rather broad yet systematic variation be-
tween a composition of F55DM45Q0 to a point near FélDM6Q33
where a sharp btend is present indicating the grancdiorite to
granite sequence. The same group of samples that appeared
to bhave undergone silica addiftion in Figure 36 has not been
considered since the addition of silica has removed them from
the major trend. The most basic end of the curve has very
little control yet seems to swing toward the dark mineral end
member indicabting & continucus crystallization sequence be-

tween the dlorites and gabbros. Several samples showling
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evidenceg of crystal settling plotted in the vicinity of
F?OijoQo and have produced an excesslve broadening of the
bagic portions of the plot. Thege examples were net consid-
ered in drawing the trend line since they don’t represent a
magmatic trend but rather are unusual variants representling

the first crystallized fraction of the magma.

Age of the Virgin Gorda Batholith

The upper portions of the batholith were intruded
after deposition of the middle Eocene Tortola formation and
prior to the deposition of the upper half of the Necker for-
mation which contains fragments of granophyre and fine grained
diorite that are found in the wpper 5,000 feet of the batho-
lith. The welded tuffs 1n the lower portlon of the Necker
formation probably represent extrusive equivalents of the
batholith. Unfortunately the precise age of the Necker for-
mation 1s unknown, however as discussed earliepn 1t is most
likely within The Eocene. Thus, at least the major portion
of the batholith, and probably all of it, 1is younger Than

middle Eocene and probably older than vppermost Eocene.

Mechanlism of Emplacement

The Virgin Gorda batholith could have been emplaced
by numercous methods or comblilnations of metheds, the most im-
portant of which are: (1) stoping, (2) melting and assimils-

tion, and (3) forceful emplacement by vertical or horizontal
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movement of the walls. Little evidence of large scale stoping
was obgerved except for the large masses of metasediments on
Virgin Gorda. However, these are probably septa between sucw
cesslve intrusions which have been moderately deformed during
emplacement. Smaller scale examples of these septa are also
present on southern Tortola which may 1n part represent stoped
blocks. Evidence of small scale stoping, i.s., of small blocks,
is abundant in the form of angular to rounded inclusions in

the central portions of the batholith.

Assimilatlon of wall rock by the magma can account
for only very small portions of the batholith. Thls is ob-
vious when one consilders the composition of the pyroclastics
versus that of the batholith. The metasediments contain lit-
tle, or ln scme cases, ne, free gilica in elther the mode or
norm. Thus, if they were asslmilated they would tend to di-
lute the free silica present in the magma and since this 1is
in excess of 30 percent for much of the batholith it ig very
unlikely that much assimilation took place.

By far the most important process of emplacement hasg
been displacement of the walls of the batholith both by doming
or warping and by faulting. All of tThe major plutons that
have their contacts with metasediments exposed have the shape
of very large, slightly crosscutting sills. These have only
mild deformation arcund thelr margin, and seem to have been
emplaced by doming of the roof accompanied by slight faulfing.

In some cases the floor has been bowed downward te a greater
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extent than the roof has been raised. Nearer to the batho-
1ith horizontal and/or vertical digplacement has been more
important and preobably accounts for most of the space needed
by the batholith. At no place have the borders of the batho-
lith been strongly sheared or otherwise deformed. In all
cases the deformation has been restricted to warping and
minor faulting.

One of the more important factors influencing the
emplacement probably was the density difference between the
magma and the surrounding sedlments. Whenever thls came near
to being zero the magma would spread out. Since the contact
metamorphics would be more dense than the orliglnal sediments,
due mainly to loss of porosity, the next intrusive, even
though 1t might be the same density, would be emplaced at a
higher position In the gection. This will also account for
the sills dipping away from the main intrusive center since
ag they left the metamorphlc aureole they would be stable,
with respect to density, at greater depths.

A seccond factor influencing the posltion and shape
of the batholith was the relative mobility of the variocus
rock units. Thus the large Narrows pluton was partially con-
trolled by the fine graiped Tutu tuffs and the Congo Cay
limestone within them. In addition, later intrusions appear
to have been emplaced next to or within previous ones which,
Judging from the lack of distlnctive contacts and the wids

zone of intermediate composition, were not entirely crystal--
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lized., This helped to develop the high degree of hybridiza-
tion seen on Virgin Gorda as well as to localize the composite
portions of the batholith and, for the same reason, the sills
that came off from the maln intrusive are much more homogen-

eous than are the main porticns of the batholith.



LATE IGNEQUS ACTIVITY

The post-batholith ingeous rock can be divided 1into
four groups: (1) pegmatites and aplites, (2) lamprophyres,
(3) porphyritic basalt dikes and (4) quartz- and hornblende-
andesine porphyries. The first group is directly related
to the batholith and has been discussed with it. The second
crops out in three leocglities closely assoclated wlth the
batholith and probably should be considered as late intru-
-sives derived from the batholith. The fthird group occurs as
columnar Jjointed dikes and sllls within the Necker formation.
Members of the fourth group are most common on southern Tore
tola and on the islands between Virgin Gorda and St. John
and probably are associated with volcanic activity accompany-

ing the development of the Anegada trough.

Porphyritic Bagalts

The porphyritic basalt dikes and sills are most abun-
dant on the northern half of 'Guana Island and omn Mosquito
and Necker 1sglands. They have a fine gained groundmass en-
cloging phenccrysts of plagioclase and pyroxene. Thelr color
varies from dark grey 1n unweathered samples to olive green
in weathered samples. They show no meftamorphism. Eowever
some examples have been altered with the development of epl-

and calcite. One example ig described below.

120
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M4 The sample 1s a dark grey porphyritic basalt contaln-

ing phenocrysts of plagioclase and pyroxene. A very weak

columnar Jointing is present 1n the field.

Plagioclase: phenocrysts, An66¢5’ up to 2 mm; partlally
replaced by calcite and chlorite.

Auglite: twinned crystals up to 1 mm; replaced by chlorite.

Magnetite: pheonecrysts to 1 mm and as specks throuthout
the groundmass.

Calclite and Chlorite: present as replacement of plagio-
¢clase and pyroxens.

Sericite: replacing plaglioclase.

Serpentine: replacing pessible colivine or hypersthene.

Groundmags: plagioclase, magnetite, and (?)epldote.
A pilotaxitic texture with a slight flow orientation

of the plagloclase laths in the groundmass is present.

A porphyritic basalt similar to this on southern Jost
van Dyke shows little metamorphism,; probably only deuteric
alteration, and contalns large (over 6 ilnches in diameter)
fragments of quartz diorite, probably derived from The Jos?¥

van Dyke Pluton.

Pogghzries

Numerous porphyritic dikes and plugs crop out on
southern Tortola and on the islands between Virgin Gorda and

S5t. John. Similar rocks are present on St. Jobn and St.
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Thomas and have been described by Donnelly (pp. 97-102). A
larger variety of dikes 1g present in the British Virgin Is-
lands than is reported from the American Virgln Islands by
Donnelly, however, nc detalled work has been attempted on

most of these gamples. Only two types have been studled in
detail, these belng quartz-andesine porphyrites and hornblende.
andesine porphyrites both from the small iglands eagt of St.
John. fThey occur as numerous parallel NNW trending vertical
dikes varying from 10 to 50 feet in thickness with the horn-
blende-andesine porphyrites forming most of the thicker dikes.
These dlkes have probably been intruded along extensional
fractures assosiated with the Anegada trough. Many of them
have undergone considerable alteration, probably deuteric,
which has developed calcite, sericite, and clays as replace-
ments of the original fine grained groundmass and to a lesser
extent of the phenocrysts of plagioclase. The quartz-andesine
dlkes are more altered Than the hornblende andesites, probably
as the result of a higher volatile content which promoted
deuterlic alteration.

The wall rocks show no effects of alteration by the
dikes or thelir volatiles. This may be because they already
had been metamorphosed to the epildcote smphibolite or horn-
blende hornfels faclies and thus had a mineral assemblage that
was not readily affected by the dikes,

These dikes were intruded at shallow depths as evi-

denced by their fine gralned porphyritic texture. Since these
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Alkes are intruded in a portion of the section that has a
conservablive stratlgraphic depth of six miles, they indlcate
that a large amount of folding and erosion had taken place
prior to their Intrusion. This suggests that they are not
related to the intrusive sequence inveolved in the formation
of the bathelith, whilch was intruded prior to folding, but
rather are related to a later event, probably the develop-
ment of the Anegada trough. Thls interpretation is supported
by thelr digtribution along its northern border and also by
the trend which is about at right angles to the trough axis.
The quartz-andesine porphyrites consist of phenocrysts
of bipyramidal quartz and highly altered zoned crystals of
plagloclase having a composition varying hetween An48t5 and
The zoning 1s osclllatory with alternate layers of

An32i5°

plagicclase having compositlons of about Anu5 and An Ag-

35°
gregates of plagioclase phenocrysts are abundant and show
similar zoning In all c¢rystals. The more highly altered rocks
show replacement of the plagloclase phenocrysts by albite,
calcite and sericite with the replacement being controlled

by fractures and original zonal boundaries.

No primsry mafic minerals are present and only a few
altered patches containing calcite and epidote suggest that
they were ever present.

The groundmass is very fine grained and consigts of

gquartz, plagioclage, calclte and sericite.

In marked contrast to the quartz-andesine porphyrites
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are the hornblende-~andesine porphyrites. These dikes have
abundant (up to 30%) hormblende in euvhedral phenocrysts but
no quartz phenccrysts. Strongly zoned but only slightly
altered andesine phenocrysts comprise ancther 30 percent

of the rock. The remalining portion is a fine gralned ground-
mags consisting of plagioclase, qQuartz, horublende and mag-
netite, all of which occur asg very fine grained anhedral crys-
tals. The above percentages are for the "average" specimen
as considerable variation in the zmount and specles of pheno-
crysts is present. Some dikes probably are transitional be-
tween the hornblende-andesine and the quartz-andesine por-
phyrites in that they have a few hornblende and quartz crys-
tals along with abundant zoned andesines in a fine gralned
groundnass.

The hornblende is always fresh and unaltered while
the plagloclase phenocrysts have been selectively altered
along thelr margins with the formation of calcite, sericite
and (?)clays. The groundmass 1s similarly altered. This

alteration i1s probably the result of deuteric processes.



METAMORPHISH

The distribution of metamorphic rocks in the British
Virgin Islands is shown on Plate 4., This metamorphism has
been largely of contact origin, surrounding the granitic rocks
of the batholith, nevertheless the width of the contact aureole
suggests that some regional metamorphism may have taken place
prior %o the emplacement of the granitic rocks. This presumed
reglonal metamorphism was not greater than the albite-epidote-
chlorite facles as nb evidence of reglonal actinolite is pfe-
sent. Chlorite and epidote were formed as deuteric and/or
diagenetlic minerals throughout the section and thus cannot be
used to show metamorphism. The only evidence suggesiing more
than contact metamorphism is the width of the aureole surround-
1ng the intruslive which suggests that regional temperatures
were somewhat elevated, especially in the lower portions of
the section {compare the width of the aureocle on St. John vs.
Jost van Dyke, Plate 4), It is unlikely that these wide
aureoles can be explained by underground extension of the plu-
tons since wherever observed their contacts with the surrocund-
ing metasediments were near vertical. Slnce the presence of
regional metamorphism cannot be proved, all further discussion
will concern the contact metamorphics.

All formations in the British Virgin Islands, with

the posegible exception of Necker formation, have undergone
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metamorphism, most of them to at least the hornblende horn-
fels fazcles., Several areas on southern Tortola and Salt Is=
land probably have reached the pyroxene hornfels facles.
This metamorphism was predominately thermal and in many places
did not deform the original features of the rocks. In some
areas, however, the dynamic effectslhave been large and eilther
ne original textures remain or else they have been highly de-
formed. A striking sxample of this 1ls on Cooper Island where
keratophyre. spillite and andesite fragments have been highly
flattened and stretched with flatiening ratios of near 8:1
{See Figure 137).- Other outecrops nearby show strong linea-
tions of plaglioclase and hornblende crystals which also indl-
cate dynamo-thermal metamorphlsm. Further evidence of some
dynamic component in the metamorphism is given by the keralo-
phyres and spillites on Peter Island and Dead Chest where all
outcrops consist of strongly foliated amphibolites and quartz
blotite schists. On western Tortola and Great Thateh Island
coarse gralned amphibolites are present, interbedded with
fine grained, even granular amphibolltes. The coarse gralned
amphibolites are possibly the result of shearing, but most
likely are the result of original graln size and porosgity dif-
ferences rather than shearing.

The metamcrphism was nearly isochemical; based upon
the thin section and fleld relations. No chemical work has
yet been undertaken to provide a more firm bhasis for this ob-

servatlion. The indicatlons of isochemical metamorphism present
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Figure 35. Examples of the higher grade metamorphics.
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in the thin sections and the field are the presence of rearys-~
tallized amygdules chemically different from the matrix mater-
lal and the presence of dilverse mineralogy and composition be-
tween fragments ln the brecclas. In most cases the contacts
between these fragments or amygdules and the matrix are sharp
and show no evidence of reaction. Field contacts between
units of different composition have also remained sharp even
where shearing took place.

Equllibrium was not obtained in most samples since a
large number of mlnerals are present; some of them are relic
and others were developed during the metamorphism. Pheno-
crysts of plagioclase are well preserved with respect to both
shape and composition, even where moderately strong shearing
has taken place. The large phenocrysts usually have a com-
position near labradorite while the stable metamorphic plagio=-
clase would be elither aliblite or oligoclase. The groundmass
plagioclase and the smaller plagloclase phenocrysts have been
recrystallized and are now of & composition suitable to their
metamorphic faclies, wherever they were large enough to be de-
termined.

The depth at which this metamorphism toock place is
varlable between a few thousand feet and more than 30,000
feet i1f the evidence for the batholith being pre~folding is
correct. Donnelly (p. 106) made the assumptlon that the meta-
morphism had taken place at shallow depths, however numerous

lines of evidence from the islands east of St. John show that
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this assumption was incorrect. The most important of these

is the foliation in the granitic rocks. This is similar to
that developed in mesozonal batholiths and thus suggests that
some of thesge intrusives were emplaced at a depth of more than
four mileg and thus their contact metamorphlcs must have been
formed at depths at least thilis great.

Three, and in some areas four, metamorphic assenm-
blages were recognized, however these are not readlly placed
within the accepted faclies as glven by Fyfe, Turner and Ver-
hoogen (1958). Bocks belonging to their albite-epldote horn-
fels facies and hornblende-hornfels facies are definitely
precent and possibly alse some belouging to the pyroxeme horn-
fels facles. The calecium content of the plagioclase deter-
mines the facies to which the rock belongs in Fyfe, Turner
and Verhoogen's classificatlion and since many unreacted pheno-
crysts are present In these rocks this classification breaks
down. Thus, a classification zalong much the same lines as
that developed by Donnelly (p. 107) has been used. It 1s
based uwpon the presence or absence of chlorite and actlnolite.
Epidote has normally not been considered as it has developed
throughecut the section, both during progressive and retro-
gregsive metamorphism, ag well as possibly during deuteric
and/or diagenetic processes. This classification is not ap~
plicable to the limestones or the keratophyres but these are
always interbedded with tuffs or spilites so that these grades

can always be determined. The present classification differs
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from Domnelly in that it contains a classiflecation in which
both chlorite and actinelite are present.

The characteristics of the metamorphic assemblages
or grades used in this study are (from lowest to highest):
(1) the presence of chlorite, usually with some epidote, but
no actinolite; (2) the presence of both chlorite and actinc-
lite: (3) the presence of asctinolite and/or hormnblende but no
chlorite; and (4) the presence of pyroxeme and calclc plagio-
clase. These have been designated as the albite~chlorite-
epldote assemblage, the chlorite-actinolite assemblage, the
amphibole assemblage and the pyroxene hornfels assemblage re-
spectively., The distinction between albite-chlorite-~epidote
assemblage and the ummetamorphosed sediments 1ls virgually im-
poessible to make, and thus this grade of metamorphlsm must
be assumed to llie outside the rocks of the chlorite-actinoclite
assemblage, however the thlckness of rock that has- been in-
volved remains unknown, Pyroxene hormfels occurs only 1in
the immediate vicinity of the contact with the plutons and 1is
not included on Plate 4., The high grade metamorphics can
often be broken into two sub-assemblages, the lower one char-
acterized by actinolite with hornblende as replacement of
pyroxene c¢rystals and the higher one characterized by the
presence of hornblende but no actinolite. All assemblages
are within the albite-epldote hornfels facies of Fyfe, Turner
and Verhoogen except the hormblende sub-assemblage of the am-

phibole assemblage, whlch probably belongs te their hornblende
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hornfelg facles and the pyroxene hornfels asgemblage which
of course belongs to their pyroxene hornfels facies.
Plagioclase compositions are quite variable, as men-
tioned above, and are not suitable for use 1n determining
the metamorphic grade. Belic phenccrysts are present in all
grades of metamorphlism and generally have their origlnal
composition. A few examples show patchy replacement by s&l-
bite; however, this has usually only involved about half of
the crystal. Where altered plagloclase concentrates were
examined by means of xX-ray, some samples gave two (131) peaks
which corresponded %o the composition of the original and the
altered compositicn. In zll cases of double peaks these gave
labradorite for the original and andesine for the altered
plagicclase. Samples of The hornblende sub-assemblage gave
the most consistent results by both optical and x-ray methods,
thelr compositlons varying between calclc oligoclase and

sodic andesine (An,.. to An40)’ More altered samples of the

20
albite-chlorite-epidote assemblage were also consistant in
glving compositions of about An5, These samples always had
abundant epldote. Other less altered samples within the
alblm&chlopite—epidote and chlorite-actinolite assemblages
contaln labradorite belng replaced by albite, |

The amphlbole provides both az handy indicator to
grade of metamorphism and also a serlous problem in that the

cptical difference between an actinoclite and an aluminous

hornblende is very slight., Thus they provide qualitative
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lsograd for the appearance of actinolite but are of little
help In attempting to determine the hornblende isograd which
1s the division between the actinolite and the hornblende
sub-assenblages of amphibole assemblage. In practice this
division was made whenever the predominate amphibole in the
rock became very sitrongly pleochrolc, or when the mineral had
a light brown color. A small amount of fine grained actino-
1ite may well have bsen overlooked Aln several cases. In the
field or in hand specimen the hornblende sub-assemblage rocks
are quite distinctive in that They are coarser gralned, dark
grey to black rocks rather than flne grained and dark green
as in the case of the actluollte bearing hornfelses.

Extremely low grade metamorphism or diagenetic zltera-
tion, probably equivalent to some of the zeolite facles de-
seribed by Coombs (1959), 1s present in even the uppermost
stratigraphic units. This has formed chlorite (in several
cases after perlitic glass), prehnite; epidote, laumontite,
analclme, albite and in scme cases caleite. This is no longer
strictly load metamorphism as these rocks have undoubtedly
been affected by the higher thermal gradlents associated with
the bathollth. Nevertheless,; load metamorphism 1s probably
present and is responsible for the development throughout the
section of chlorite, epldote, 2nd alblite, after the glass and
some of the phenoccrysts. This metamorphism or alteration
probably tock place both before and after the intrusion of
the batholith.
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The following comments and descriptlons are included
ag examples of the various grades of metamorphism described
above and ag descriptlons of some of the more unusual meta-

morphilc types not fitting into the above classification.

Metamorphism of the Water Island Formaticn

Spilites

The lowest grade of metamorphism cobserved in the
gpllites in the British Virgin Islands was the albite-chlorite-
eplidote assemblage, however this example {(C-7) has undergone
reﬁrograde metamorphlsm and is not typicél of the metamorphic
grade of the rocks surrounding it. In all samples the pyrox-
ene phenocrysts have been replaced by hornblende and in most
cases the groundmass chlorite and plagloclase have alsc been
altered to hornblernde or, in some cases; only to moderately
pleochroic actinclites Some of the plagioclase has been re-
constituted, however most of the plagioclase closely reflects
the compositlon of the original phenocrysts. In general the
spilites in the British Virgin Islands seem to be much more
calcic than thelr lesser metamorphosed egqulvalents in the Amers
lcan Virgin Islands. The maximum grade of metamorphism reached
by any of the spilites 1s probably pyroxene hornfels as evi=-
denced by 5-20. Thls is a somewhat peculiar rock and probably
represents a metamorphnosed weathered horizon at the base of

the Louigenhe] feormatlon and thus will be included later.
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P-8 Thls is a sample of a metamorphosed amygdular spilite
flow. In thin section 1t consists of prismatic crystals
of moderately pleochroic hornblende forming a decussate
aggregate. Over 90 percent of the matrix consists of this
hornblende; the ramsining portion being minute crystals of

plagioclase. The amygdules have been recrystallized and

now contain plagioclase (An.30+5)B hornblende, magnetite,
guartz and an unknown isobtroplc mineral. A slight schistos

sity is present in both hand specimen and thin section.

P-22 Isprobably a contaminated keratophyric tuff but could
be a low ferromagnésian spilite. It is mot typical of
other keratophyres in the area and thus is included with
the spllites. The sample has a stroug compositional band=-
ing. It consists of a strongly pleochroic, s8lightly poikilo=

blastic horublende with inclusions of pyroxene(?) surrounded

by & matrix of plagioclase (An38 to 50) and quartz. Minor

amounts of magnetite, sphene, apatite, epldote and K-feld.

gpar are also present.
Bpar

P-10 is a schistose horumblende hormfels containing plagioclase

(AHSOiB)’ hornblende, magnetite, and biotite.

C-7 is a highly deformed spilite(?) that has undergomne retro-
grade metamorphism with the formation of chlorite after
hornblende. Shearing and flowage are very pronounced and
appear to have been later than the maximum metamorphism

but prior to some of the retrograde chlorite. The minerals

present are:
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Hormblende: large and small crystals showing strong
schigtosity (or lineatlon} now almozt entirely re-

placed by chlorlte and scme epidote and calcite,

Plagioclase: large (to 8 mm) phencerysts (An80¢5) showing
an extension parallel to flow direction.

Quartz: fine grained crystals in groundmass and Tractures.

Magnetite: large crystals (to 1 mm) with straln shadows
of chlorite on vertical stream edges. Many large
grains are fragmented bubt only slightly displaced.
Fine crystals in the groundmass are extremeiy drawn
out, parallel to the schistosity formed by the horne
blende crystals.

Sericite: alteration of plagioclase along fractures and
cleavage.

Calclte: alteration of groundmass and 1n fractures.

Epidote: small crystals as alteration of hornblende and

plagloclase(?).

Keratophyres

The keratophyres 1n the British Virgin Islands have
all undergone metamorphism to a grade comparable with the am-
philbole assemblage described above. Bilotite has been developed
in most epeclmens and usually produces a strong foliatlon.
Considerable variation in mineralogy is present due to their
original hererogensity. Sample P-22 above 1s probably rep-
resentative of one of the more contamlnated keratophyre units.

The more typlcal keratophyres are now pregent as gquartz-
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bilotite-schists with the blotite forming both a foliation and
& schlstoslity In the rock.

P-21 is a well follated quartz plagioclase schist, formerly
a guartz keratophyre. The mineralogy 1s:
Quartz: 70t % of the rock; present as fine crystals inm
the groundmass and as coarse c¢rystals that may have
been phenccrysts.

Plagloclase: 25%; untwinned, An20t5; some of the above

groundmass quartz may be plagioclase,

The remaining 5% of the rock is hormblende, magnetite,

biotite, zircon, and K=Teldspar,

The K-feldspar occurs in elongate patches. The rock
has been sheared but has recrystallized post shearing,

sinee many of the grains have sutured boundaries.

P-14 is a strongly foliated quartz-plagioclase-biotite-schist
typical of most of the metamorphosed quartz keratophyres.
It conslists of:
gQuartz: large recrystallized and broken relic phenocrysts
and as fine crystals in the groundmass.

Plaglioclase: large recrystallized and broken relic pheno-

crysts; An2015; and as. fine crystals in the ground-
MaSS .

Biotite: large recrystallized plates possessing & strong
foliation.

Muscovite; aggregates of plates showlng a schistosity

but not as well developed as in bilotite.
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K-feldspar: small grains in the groundmass and in inter-
stitlial flllings 1n quartz and plagloclase rellc

phenocrysts.

P-1l is a quartz blotite schist similar to P-14 which has
undergone reirograde metamorphlsm.
Quartz: rellc phenocrysts and in very fine crystals in
the groundmass.

Plagloclase: predominately very Tine gralned in the ground-

mass; & very few relic phenccrysts are algo present,
X~ray conmpositlion is An31,

Biotites sirong foliation; has been altered to sericite,
chlorite, magnetite(?), and K-feldspar.

Magnetite: small euhedral crystals throughout rock.

Hematite: alteration of magnetite.

Sphene: after llmenite; assoclated with magnetite.

Chlorite: after blotite; no schistogity; shows radisl
alignment of crystals,.

Sericite: minor alteration of plagiloclase.

K-feldspar: assoclated with chlorite and magnetite, prob-
ably after bilotite.

8-36 is a quartz bilotite schist and probably represents the
highest grade of metamorphlsm reached by any of the gquartz
keratophyres studied in thin section. It consistis of:
Quartz: rellc phenccrysts with a polygonal outline and

as fine crystals in the mstrix.
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Plagioclases AnthB; occurs as fine crystals in the ground-

MasE .

K-feldspar: as interstitial crystals; most sbundant near

the large guartz crystals.
Blotlbe: altering to chlorite with a yellow to green pleo-
chroism.
Chlorite: alteration of blotite.
Magnetlite: large grains mantled by blotite or chlorite.
Calecite: intergtitial and as veln fillings.
Garnet: scabttered crystals.

Pogsible pyroxene in very small high relief grains.

Metamorphism of the Loulsenhoj Formatlion

Rocks belonging to the Loulsenhoj formation crop out
on the islands of Cooper and 3alt and, except for thelr pe-
trology, have been discussed under stratigraphy (p. 23). 4ll
exposures have undergone high grade metamorphigm which has
obscured contact relations. The three samples desceribed below
come from what is believed to be the Loulsenho] formation asg
exposed in the British Virgin Islands. Sample S«20 is unusual
and probably represents a weathered horizon at the Louisenho}-
Water Island contact, Sample 3-32 could well be from the Tutu

formatlione.

C-9 is from a poorly exposed, metamorphosed breccia on the
eastern shore of Cooper Island. It has been strongly

sheared but still contains recognizable breccia fragments.
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It conslsts of strongly twinned and broken plagioclase

(An8415), gset in a matrix of garnet, auglte, hornblende
and magnetite, Alteration and retrogressive metamorphic

products include sphene, calecite, chlorite, epidote, and

gericite. In addition guartz is present in several frac-
tures cuttling through the sample.

The rock was a crystal-lithic lapilli tuff or breccla
in which some of the origlnal fextures have been preserved,
particularly in the fragments. The thin section shows
that the schistogity was formed by shearing rather than

plastic flowage.

S~32 1s an augen-gnelss possibly belonging to the Tutu forma-
tion. It consists of:
Quartz: 1in velns and aggregate patches, often associated
with large plagloclase crystals.

Plagloclase: large broken porphyroblasts wlth complex

twinning and many inclusions; also small crystals in
the groundmass and in hormblende.

Hormblende: . large poikiloblastic grains showing little
orlentation, smaller more polkiloblgstic grailns show
strong preferred orlentation.

Mapmetite: large crystals, a few of which show strain
shadows of horunblende and numerous small crystale
alligned with flow,

The large plagioclase crystals are sheared and horn-

blende has grown 1in the fractures. The shearing ls approx-
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imately parallel to foliation while extensional frezotures
are perpendlcular to foliaticn. The small magnetite crys-
tals are restricted to the groundmass and to fractures

in the plagioclase crystals,

The "porphyroblasts” are aggregates of large plaglo-
clase crystals and small quartz and plagloclase crystals.
Flow banding is not present within these masses. Stream
lines bend sharply around the porphyroblasts. The porphy-
roblasts do not appear to have grown in place after defor-

mation but rather grew pre- or durlng deformatlon.

§:§g is a sample from the highly metambrphosed Louisenho] or

Water Island formatiomn from an exposure about 200 yards

from the contact with a fine gralneddioritic intrusive.

It consists of:

Magnebite: subhedral to anhedral crystals occur in "streams”
parallel to foliatloun,

Biotite: formed post deformation; colorless or very pale
brown to light brown pleochrolism,

Tremolite: as flbrous mineral in groundmass and as rims
on pyroxene; strongly follated.

Hypersthene: MggpFesy (~2V = 700); small foliated masses

of grains associated with the tremolite(?).

Plagioclase: Angotz; serilate grains and glomero-porphyro-

blasts up to 2 mm throughout the sample.
Quartz: serlate grains up to 2 mm“throughout the sample,

sometimes 1n elongate masses parallel to foliatlon.
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The glomero-perphyroblasts of plagloclase formed
prior or during deformation. The blotite was formed after
deformation, probably during later fracturing cr mild de-
formation~--many crystals are generally allgned but at an
angle of near 60 degrees to the maln foliatlon. The rock
appears to have been thinly bedded (now seen as slightly

composlitional banding with bands 1/8" to 1/2" thick).

Metamorphism of the Tutu Formatlon

All outcrops of the Tutu formation in the British
Virgin Islands are in the immediate vlecinity of the Narrows
pluton, a large westward extension of the bathelith., Wher-
ever observed they have been metamophosed to the hornblende
sub-assemblage of the amphlbole assemblage deseribed earlier
which is thils case corresponds to Fyfe, Turner and Verhoogen's
hornblende hornfels, and possibly also to thelr pyroXene
hornfels, facies. The metamorphlsm of these rocks was not
studlied 1n detall and the examples below are only intended to
glve a general 1ldea of thelir metamorphic character.

The following are brilef descriptions of some of the
lime-silicates of the middle part of the Tutu formations
F-2 Very fine grained; follated; consists of scapolite,

calcite, diopslde, pyrite, wollastonite, and garnet.

F-U4b Very fine grained, weaskly foliated, consists of:

wollastonite, diopside (poikiloblastic), scapollite, quartz,

and plagioclase.
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F-5hb Fine gralned, no foliation, consists of: garnet,

diopside, wellastonite, and an unknown. See Figure 38,

F=9 Fine gralned, no follation, consistg of: garnet,

dlopside, and gcapolite.

Full Very fine grained, no foliation, cousists of: diop-

gslde, scapolite, and pyrite.

GT=5 Flne gralned, weak compositional banding, consists

Ead

of: secapolite, diopside, plagioclase, biotite (fox-red),

magnetite, sphene(?), and calcite.

GT-19 Coarse grained calc-silicate hornfels, no follation,

conslsts of: garnet, diopside, calcite, scapolite(?), and

an unknown.

GT=23 Fine grained graphltic chiastolite schist, strong
foliation, consists of: Gtourmaline (pleochroism orange to

colorless)}, quartz, plagioclase, andaluslte (chlastolite),

muscovite (sericlte), graphite, rutile(?), and garnet(?).

LT=-7 Fine grained, slight follatlion, conslsts of: garnet,

diopside, scapolite (mizzonite), calcite, guartz, and

sphene.

The following descriptions are from the heormblende horne
felges from the sectlion of the Tutu formatlon above the

Congo Cay limestone:
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QT-14 Pine grained schist without pronounced foliation,

conslsts of: bilotlte, hornblende; quartz; plagloclase

(An25i5), magnetlte, sphene, and apatilte.

T-203 A coarse grained, grey, mildly sheared amphibolite
(Figure 38) consistlng of:
Hornblende: strongly pleochrolic.
Bictite: pleochroic light tan to brown.

Plagloelase: Ang5i5; entirely of metamorphic origin,
no phencocrysts remain,
Pyroxene: altering to hornblende, probably an augite.

Magnetite, apatite and sphene: occur as accessories.

The mineral assemblage in this sample 1s entirely of
metamorphic origln with the exception of the pyroxene which
ls probably a relic. A strong felliation develeoped during
metamorphlsm and all microscoplc evidences of the original

nature of the sample have been eliminabed.

T-137b A fine graluned, moderately sheared amphlbollite con-
gisting of: '

Hornblende: strongly pleochroic; occurs as fine grained
agegregates forming large composite masses showing a
moderate follatlon; and alsc as large individual
grains possibly after pyroxene.

Scapolite(?)

@uartz: small crystals lnterstitial to the hornblende,

Diopside: (+)2V about 60°,
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Plagloclase: rellc labradorite crystals having a subhedral

shape; also metamorphic andesine(?).
Garnet

The rock is a tuff that has undergone high grade meta-
morphism, probably equivalent to the pyroxene hornfels
facies. A strong foliation has been developed in the
amphiboles wlth the diopside aggregates and garnet also
reflecting this follation, Some hornblende gralns are not
orlented and could pessibly represent grains that formed
after deformation. This sample may be from a unit in the

Hans Lollik member of the Tortola formation.

GT-2 The sample is a dark grey porphroblastic amphibolite

consistlng of:

Quartz and plagloclase: very fine grains (0.0l mm) in the

matrix and as larger porphroblasts (about 0,20 mm in
diameterk

Biotite: pleochrolc, from coloriess or pale green to red-
brown {fox-red); weakly foliated, predominately as
aggregates along fracture surfaces.

Sphene

Magnetite: small crystals assoclated with the aggregates
of blotite.

Tourmaline(7)

Agatite

The rock is extremely fine grained (maxlmum size about

0.2 mm, average size less than 0.5 mm). Follation is poorly
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developed, however shearing 1ls present throughout the sam-
ple and the aggregates of blotlite have developed along

these fracture su_rfacesn

In addition to the lime silicateg touched upon abhove,
two other rocks worthy of mentlion are present in the sectlion

below the Congo Cay limestoune (marble). They are:

T-193 1is & graphitic andalusite schist (Figure 38) very
limilar to GT-23 degceribed earlier. In thin section it
consists of:

Graphlte: a filne clouding throughout the slide, locally
concentrated into patches showing strong follation.

Andalugite: does not show the crosses of chiastolite as

does sample GT-23. Occurs as ragged crystals up to
0,2 mm in dlameter, and may also occur as a fine
grained mass In the matrix.
Muscovite: an alteration(?) of the andalusite.
Hematlte
Quartz: as a fracture fillling; probably post metamorphlsm.
The sample has been highly sheared with some of the
matrix material having the appesrance of a mylomnite. The
andalusite grains are deformed and fractured along their
edges. The muscovlite 1ls assoclated with the andalusite and

usually forms a deformed sheath surrounding it.

C=-10 1s from a dark grey calcareous breccia (See Figure 39)

possibly equivalent to the Cokl Polnt megabreccla exposed



Figure 39. Hand specimen of a calcareous breccla
possibly equivalent to the Cokl Point megabreccla
lithofacles of the Tutu formation. The dark areas
are amphibolite; the light areas are lime-silicates.

Figure 40. Polished slab of garnet-diopside-wollastonite
horntels developed at the contaet of the Congo Cay lime-
stone and the batholith on eastern Cooper Island.
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Figure El. Hand specimen of metamorphosed and silicifiled
@uglte-andesite breccias from the Hans Lollik member of the

Tortela formation.

Figure 42, Meta-breccia from Scuth Sound, Virgin Gorda,
showlng undeformed fragments although the sample has un-
dergone metamorphism to the hormblende-hornfels faciles.
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on the north shores of 3t. Thomas. In thin section it

conslsts of:

Plagioclase: broken phenocrysts, ﬁn65?o

Hornblende: strongly pleochroic.

Garnet: pinkish brown.
Diopside: (+)2V about 60°,
Calcite: along bofders of garnet,
Magnetite: rare; as very small crystals associated with
the hornblende.
Epldote 1s also probably present.
The plagloclase and the hornblende show a moderate
allgnment parallel to the general compositional banding
in the hand specimen; a foliation i1s not developed, however,

The rock is now a garnet diopside amphibolite.

lMetamorphism of the Tortela Formation

Since all the members of the Tortola formatlion con-
sist of andesitic material {(except the Mount Healthy lime-
stone), they will be considered to represent only omne composi-
tion as far as the metamorphism is concerned. The descrip-
tions of the low grade melamorphics have been grouped with
these of the unmetamorphosed rocks and have been included
under the petrography of the various members of the Tortola
formation, Thus, only the more highly metamorphosed samples
will be discussed here.

Other than T-~226 no samples of high grade metamorphic
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rocks definitely belonging to the Tortola formation were secw-
tioned., However, field samples very similar 1in appearance to
T=203 and T137b of the Tutu formation are present. Thus,
pending further work; the description of samples T-203 and
T-13%b (p. 142) are consldered to be repregentative of the
highest grade of mefamorphism reached by any rocks in the
Tortola formation. Sample T-226 is probably equivalent bo
these samples in metamorphic grade but the retrograde meta-

morphism 1% has undergone has made this uncertaln.

T-226 is a coarse lithic tuff that has undergone metamor-
phism equlvalent to the hornblende hornfels facles and
then has subsequently undergone retrograde metamorphism.
It consists of:

Hornblende: sgtrongly pleochroic; weakly foliated; some

replaced by chlorite, has a decussate texture.

Plagioclase: A“uo-503 crystals have a brownish tinges

many occur as compound relic phenocrysts surrounded

by hormblende; maximum size about 2 mm.
Epidote: retrograde after hornblende and plagioclase.
Magnetite: small grains in and associated with hornblende,
ophene: assoclated wlth hornblende.

Little shearing is present although a weak follation

has been developed during the metamorphism.

Descriptions JVD=U42({5) and T-213 below are typical of
the rocks 1ln the lower portion of the high grade metamorphics,

1e€sy those with actinolite as well as hornblende.
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JVD-42(5) is a dark greenish grey fine grained tuff whlch

consgsists of:

Hornblende: strongly pleochroilc pseudomorphs after pyroxene,

Actlnolite: weakly pleochroic decussate crystals throughe

out the sample.

Plagloclase: slighly recrystallized relic phenocrysts,

An50t5; also as Tlne crystals throughout the ground-
mass .

Magnetite: very small grains,

Pyroxene: almost entirely altered to hormblende.
No shearing or follation has been developed. The

sample has undergone recrystallization, however its original

tuffacecus character ls still present.

T-213 1s a dark greenish grey, fine grained amphlbolite pos-
sessing a relic tuffaceous texture. It congists of:

Plagioclase: as relic phenocrysts and alse as small por-

phyroblastss the composition is variable from oligo-
clage to calcic andesins.

Hornblende: strongly pleochrole, some after pyroxene.

Actinolite: small decussate crystals throughout the rock.

Blotite: assoclated with hornblende and quartz, possibly
as an alteration of pyroxenes.

Muscovite (sericite}: alteration of fthe plagloclase and
as discrete crystals in the groundmass.

Epidote: retrograde.

Magnetite: scaltered original large graing; also a few
vounger blade-like crystals (hematite?).
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quartz: added during metamorphism.

Many rock fragments are present having a considerasble
variation in texture (amygdaloidal to pillotaxitic andesites).
Many plagioclase phenocrysts are also present and show lit-
tle alteration.

The mepamorphism has preoduced a weak schistosity that
has masked the finer sedlimentary features. Potassium was
added durilng metamorphism to form the biotite which de-
veloped throughout the rock in all fragment types as well

as the matrix.

Metamorphism of the Necker Formation

Cnly 1n the vicinity of "the dogs" has the Necker
formatlon undergone sppreciable metamorphism. On these is-
lands it has been metamorphosed to the hornblende hornfels
facies at the contact with the batholith and decreases within
a few hundred yards to a grade equivalent to the albife epi-
dote hornfels facles or less. All other portlons of the Necker
formatlion show no appreclable metamorphism even on outcrops
ornly a few hundred yards from the batholith. This very mild
metamorphism, verging on diagenetlc alteration, has been dis-

cussed in the descriptions of the sediments (p. 63).



HYDEOTHERMAL ACTIVITY

Dennelly (p. 123) has described the hydrothermal
alteration of the spllites and keratophyres on southern St.
Thomas and on St. John where this form of alteration ig wide-
spread. In the British Virgin Islands the only rocks that
show extensive hydrothermal alterstion are some of the kerato-
phyres on the westernmost portions of Peter and Norman Islands.

The alteration ls most conspicuocus in the kerato-
phyres where it has produced an extensive boxwork of limonitic
stain 1In the otherwise white keratophyre. It is localized
along fracture and fault zones having a N50-70W trend and is
apparently later than all of the intrusives, although the
hornblende-andesine intrusives show virtually no alteration
or offset along these zones and thus may be later than the
alteration. This alteration is probably related to the
strike-slip faulting of the area which was probably accompa-
nied by the intrusion of the guartz-andesine porphyries.

The chemical and mineralogical alteration accompany-
ing the hydrothermal activity was the addition of potash to
form both sericlte and K-feldspar and the addition of pyrite
which was altered to limomite durlng later weathering. Quartz
was also added along these fractured zones., Donnelly {(p. 127)
hags also shown that in scme cages comnslderable soda was re-

moved during the alteration.
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In addition to the alteratlon discussed above numer-
ous north-south trending alteration zones are present. No
displacement cccurred along these fractures, the only change
being the formation of calclte, limonite, quartz and in soms
cases barite along fractures roughly parallel to the altered
zone which is usually six to ten feet wide. These altera-
Tion zones ocecur throughout the Virgin Islands and may be re-~
lated to east-west extenslonal stresses accompanying the de-
velopment of the Anegada trough.

North-south trendlng quartz veins varying in wildth
from two inches Lo six feet are present on southern Virgin
Gorda. One of these contains copper and melybdenum mineral-
lzation and ls discussed under economic geology. The develop-
ment of these quartz filled fractures does not appear %o be
related to the batholith. Again, they may be related to later
deformation possibly accompanying the development of the
Anegada trough.



STRUCTURE

The most prominent structural feature in the Virgin
Islands is 2 northward dipping homocline (See Plate 1) which
involves all of the exposed rocks. Throughout most of the
British Virgin Islands this homocline has been overturnsd
and it now has dips of 65 to 85 south. Previous workers,
except Donnelly, have always assumed that Cleve (1881l) was
correct 1n postulating an overturned, almost iscclinal syn-
cline with an axls running east-west through the Narrows.
The author's study has definitely shown that this is not the
case. The mistake the earlier workers made was to correlate
the siliceous Outer Brass limestone with the non-siliceous
Cougo Cay marble. The similarity between parts of The Tor-
tola formation and the Loulzgenhio] formation also lead the
earlier workers to assume that these were the same formation.
The present work has shown that the Torftola formation is up-
per Eocene in age and thus Cleve's assumption can no longer
be accepted,

The structural history of the Virgin Islands began
prior to the Cenomarnian with the development of & geanticlinal
rise in the sea floor. The Water Island spilites and kerato-
phyres were deposited upon this rise in water at depths of
less than 15,000 feet, otherwise the explosive activity nec-

essary to form keratophyric tuffs could not have taken
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place, Most likely the water was much shallower than 15,000
feet.

The first tectonic asctivity for which there 1is direct
avidence occurred after the depogitlon of the Water Island
formatlon but prior teo the depesition of the Louisenho] which
is probably Cenomanian. This deformation conslsted of mod-
erate foldlng about north-south axes followed by reglonal
uplift and eroslon which developed a surface with at least
2,000 feet of relief upon which the Loulsenho] was deposlted.
Some northward tilting may have also taken place but this is
virtuslly impossible to distinguish from the later post-middle
Bocene deformation.

Reglonal tilting fto the north took place sometime 1n
the Cenomanian post-deposition of the COuter Brass limestone
and prior te the deposition of the Tutu formation. Uplift
appears to have been greater in the eastern British Virgin
Islands as the Cuter Brass llmestone 1ls no longer present,
apparently having been eroded away, and the Tutu formation
is much thinner. This suggests that the axis of tilting may
have had a northeast or east-northeast attitude.

The Virgin Gorda batholith was intruded after the dep-
osltion of fthe Tortola formation of middle Eocene age and was
accompanied by doming and warping of the pyroclastics. Minor
faulting may have also taken place but 1s not well exposed
in the contact aureocle. The Necker formation, the lower por-

tions of which are probably contemporaneous with the batholith,
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has locally been strongly deformed, probably as a result of
subsldence accompanying emplacement of later portions of the
batholith. This deformation is best shown in the folding
present on 'Guana Island {See Plate 1).

Strong reglonal folding about an east-west axls folw
lowed the emplacement of the batholith., The axis of this
folding varles systematically from N70W to N6OE from west to
east, but later warping may be responsible for part of this
attitude change. The amount of rotation varies from about
15 degrees in southern St. Thomas to about 130 degrees on
Salt and Cooper Islands. From south to north in the British
Virgin Islands the dip systematically variés from 50°S (over-
turned) to 70°N. Ths Tortola formation, which comprisss about
half of the sectlon, usually has dips between 80°8 (overturned)
and 80°N., The Necker formation, which forms the outcrops on
the northerummost islands, has quite variable attitudes. These
have a general east-west strike but the dip varies from 45°S
(overturned) to 15ON0 A few outerops also show east or west
dips of about 13° but these apparently are only local distor-
tlons of an otherwlse wnlform trend with an east-west sftrike.

The bathollith has undergone folding with the country
rocks for the following reasons: (1) the batholith was in-
truded 1n the form of large sheets parallel to bedding, prob-
ably representing sills, (2) stratification in the gabbros
and dlorites is now vertical or overturned and has an attli-

tude similar to the bedding in the surrounding metasedimernts,
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and {(3) rock magnetism measurements on the early dikes and
batholithic rocks consistentliy indicate a minimum rotation of
80 to 90 degrees about an axls approximately parallel to the
strike of the surrounding metasediments; in one case the axils
of rotation corresponded to an axis in the bedding and per-
pendicular to the a-lineation formed by aligned hornblendes
in the metagediments., Additlonal rock magnetism measurements
should be made on the masslve batholithic rocks in an gttempt
to determine the varlation of rotatlon with position in the
batholith and also variation between rock types.

Post Miocene regional upllift of bLhe eastern portion
of the area is 1ndicated by a limestone on the north shors
of Tortelaz. This uplift had a north-south axis and probably
took place after the development of the Anegada trough but
prior to the Pleistocene since no regional warping ls indi-
cated on the Virgln Island platform which probably was formed
by erosion during the Pleistocene lowering of sea level. A
topography similar to the present one had been developed
prior to this reglonsl warping,.

Minor faulting 1s very commen in the Virgin Islands,
but very few faults with displacements over 10 feet were seen
in the British Virgin Islands. Part of this is due to the
problems of correlation without which displacement could not
be proved. In addition faulis could readily be missed in
areas of poor exposure because of the general similarity of

all the pyroclastic rocks which make the observation of a
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fault displacement very difficult. Thus, uncertainty igs
present in any discussion of eilther the abundance or the at-
titudes of faults of major digplacement,

Near vertlcal dextral strike-slip faults having an
orientation of N4SW to N65W were the most commonly cobserved
and apparently have the largest displacements. Many shore-
line features have roughly this attitude which reflects the
importance of this fault or fracture direction. The largest
displacement observed was about 4,000 feet,

Sinstral strike-slip faulfs, also vertical, form a
domplementary gset to the dextral strikéwslip faults. They
are divided into three groups, namely, those with strikes
near N55E, N30E and N15E. The Anegada trough is related to
the N558 set which is also expressed as graben-like struce
tures along the southern shore of St. Thomas (Donnelly, p. 86).
The most pronounced development of the N1SE set is on Salt
Island (See Plate 3},

Faults with a N3 vertical attltude are present through-
out the islands and have small strike-slip displacements of
both dexiral and sinstral character., In addition to these
NS faults there i1s a NS to N15W set of fractures with little
or no displacement. These fractures have controlled the or-
ientation of the late dikes, however, and probably should be
considered to be extensional fractures assoclated with the
early development of the Anegada trough. The dikes parallel
to the fracture trend are most abundant on the southern is-

lands in the immediate vicinity of the trough.
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Figure %1.' Aerial photograph of West Dog Island. The
Is%ana 8 all massive granite. Note the very well de-

veloped north-south and east-west Jolnts.

Figure 44, Aerial photograph of Fallen Jerusalem
5I%uscr§fing the joint control of the weathering of
the granitic rocks of the bathollth.
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Crossfolding, seemingly related to the faulting, is
present in St. Thomas (Donnelly, p. 88) but was not observed
in the Brltish Virgin Islands other than in the vieinity of
West End, Tortola.

Jointing (See Plgures 43 and 44) is well developed on
the sea cliff exposures but is seldom observed inland. No
statistical study of the Jointing was atterpted, however
Jolnt sets are present parallel to each of the major fault
directlions. Other shallow dipping Jjoints are also present
but it 1s not known to what feature these should be related.

Schistosity is well developed in the metamorphic rocks
and 1s always parallel to the bedding. The follation in the
batholith is parallel to The margins of the intrusive and thus
is also virtually parallel to the original bedding. On Salt
and Cooper Islands z strong lineation 1s present, formed by
elongation of pebbles and alligrment of hormnblende and plaglo-
clase crysbals. This ls apparently an a=lineation of the
ma Jor fold, however 1t plunges about 70 defrees to the south-
southeast which is probably a reflection of the later uplift
of the eastern portion of the ares,

A summary of the tectonic events in the Virgin Is-
lands 1s as follows:

1) Welt developed on the sea floor {(pre-Cenomanian)

2) Vulcanlism (pre«Cenomanian)

3) PFolding about NS axis and uplift and erosion

4) Vulcsnism (Cenomanian)



10)

11)
12)
13)

14)
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Submergence to 200% meters

Tilting %o north or northwest (Cenomanian)
Eroslon and deposition

Vulcanism (middle Eocene)

Emplacement of batholith

Regicnal strong folding about EW axis (post~
middle Eocene)

Uplift and eroslon
Tilting to west (post-Miocene)

Faulting associated with Anegada trough develop-
ment

Continued uplift and erogion.



ECONOMIC GEOLOGY

The only deposiis of possible economic importance in
the British Virgin Islands are copper, molybdenum, graphite,
salt, and sand. These are usually present in subcommercial
quantities but copper, molybdenum, salt and sand have been

profitably explolted in the past.

Copper and Molybdenum

Copper stalns occur throughout the British Virgin Is-
lands, but have only been prospected extensivelﬁ on the island
of Virgin Gorda. A mine was opened in the 1860°s on soubthern
Virgin Gorda (Copper Mine Point) and for several ysars chalcow
pyrite and chalcocite were mined from fractures in a quartz
vein about slx feet thick. The ore was hand cobbed at the
mine and shipped as a hand concentrate To England for smelting.
The tonnage produced is not knowh.

Molybdenite 1s assoclated with the copper mineraliza-
tion at Copper Mine Point and was rejected along with the
quartz durlng the early mining operation. However, during
World War I, the mine tallings were reworked, agaln by hand,
and a large quantity of the molybdenite was removed. The
tailings still have a considerable amount of molybdenite 1in
them. Thils mine is currently under lease to A. D. PFraser of
Jamaica who has recently completed a drilling program to de=-

termine the extent of the ore bodye.
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Other areas in whilch considerable copper stain was
observed include: the north shore of Great Thatch Island,
the western polnt of Glnger Island, on eastern Tortola north
of Buck Island, on the eagtern portion of Beef Island, and

on the north shore of Sandy Cay.

Graphite

Graphite bearing schists crop out in the vicinity of
West End, Torbtola and on Salt, Cooper, and Cinger Islands,
Some of these schists contaln up to 50 percent flake graphite.
As far as is known, these graphlte bearing rocks have never
been prospected. The abundance of graphlite in the specimens
collected by the author indicates that these deposits should
e sampled further in an atitempt to evaluate thelr sconomic

significance.

Salt

Shallow, virtually landlocked salt ponds occur on
two of the islands; namely Anegada and Balt. The evapora-
tion losses from these ponds exceeds the fresh water additions
during about six months of the year and as a result salt is
precipitated from them. This salt is virtually pure scdium
chloride and 1ts recovery provides the residents of Salt Is-
land with a small lncome Lhroughout part of the year. The
production of salt from the salt ponds could be substantially
increased by the control of surface runoff in such a way that

1t would not dilute the brine in the ponds.
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Sand and Gravel

The sand and gravel deposits of some of the beaches
are mined by a few of the local inhabitants with most of

thelr production being sold to the constructlon industry in

the American Virgin Islands.



GEQLCGICAL HISTOEY

The present Virgin Islands are the eroslonal remnants
of a thick accumulation of deformed pyroclastic rocks that
were deposited on the northern slope of a geanticlinal rise.

The development of the Virgin Islands began with the
extrusion of the Water Island gpilites and keratophyres dure
ing or prior to the Cenomanian. These volcanicg may be abys-
sal deposits as interpreted by Donnelly, but probably repre-
sent volcanics laid down im shallow to moderate depths of
water. Following the deposition of 10,000 to 15,000 feet of
these veolcanics, moderate folding about north-south axes took
place. This was in turn followed by uplift and erosion with
the development of a surface of moderate relief prior to the
begimming of deposition of the Virgin Island group.

The basal member of the Virgin Island gfoup consists
of auglte-andesite pyroclastics of the Loulsenho) formation
(thickness 500 to 14,000 feet) which were deposited on the
Water Island erosional surface during the Cenomanian. The
cone which provided these pyroclastics was in the vicinity
of Pillsbury Sound and deposited most of its pyroclastics to
the west. This volecanlc activity came to a close with the
submergence of the area to moderate but by no means abyssal
depths where the siliceous Outer Brass limestone was deposited.

Fellowing the deposition of about 600 feet of thils limestone

16k
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the area was gently tllted to the north and west and the Tutu
formation of Cenomanian or Turonlan age, consisting of vol-
canic wackes, was deposited. These wackes were derived from
an upland area to the south in which rocks of Louiserhoj and
Outer Brass lithologlies were exposed. During the early part
of Tutu time the area continued to subside, however this sub-
sldence had ceased prior to the deposition of the carbonaceous
units below the Congo Cay limestone which probably represents
subaerlial or lagoonzal deposltional conditions. Following the
deposlitlion of this unit the area was again submerged a few
tens or hundreds of feet while the Congo Cay limestone and
surrounding sediments were deposited.

HBenewed volcanic activity marked the close of Tutu
time-and the beginning of Tortela time. The first volcanic
source to develop was in the vicinity of Eans Lollik Island
and ¢contributed the auglte-andesite pyroclastics present in
the western portion of the Tortola formation. Shortly thers-
after additional volcanic sources developed, one in the vicin-
ity of Virgin Gorda and another to the south. These three
sources provided most of the 20,000 feet of pyroclastics
which comprise the Tortola formation. The cones from which
these pyroclastics were derived were probably subaerial since
the slumped breccias derived from them contaln fragments of
shallow water limestone of middle Eocene age.

The deposition of the Tortola formation was followed

by the inftrusion of the Virgin Gorda bathollth as a series
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of slightly crosscutting sills. Several other large granitic
masses, notably the Jost van Dyke pluton, were also iniruded
at this time. During the intrusion of later portions of the
batholith a serles of welded tuffs and andesite brecclas were
deposited which were subsequently deformed and mildly meta-
morphoged by the last members of the batholith. These de-
formed brecclas and welded tuffs, together with the slightly
later pyroclastics; have been termed the Necker formatlon.
This formation is at least 6,000 feet thick and was deposited
both during and after the intrusion of the batholith.

Strong regional deformatlon about an east-west axis
began shortly after the intrusion of the batholith; some of
it may have begun prior to the deposition of the upper por-
tilon of the Necker formation. The area continued to he de-
formed about thisg eagt-west axls until portions of it had
been rotated through more than 130 degrees. Strike-slip
faulting took place after the major folding.

The block that was uplifted during the foldlng was
apparently ercded about as rapldly as the uplift took place.
The Hogue's Bay calcarenite was deposited upon this erosional
surface after the major foldlng had ceased, sometlime between
the late Miocene and the Becent. This calcarenite has been
tilted to the west about 20 degrees whilch shows uplift of the
eastern portion of the area after the major deformation.

A serles of subparallel hornblende andesine porphyries

were intruded along north-northwest fractures sometime after
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the major deformation and eroslion had taken place. These
dikes are probably asscoclated wlth the development of the
Anegada trough and lndicate that it was formed conslderably
later than the Eocene.

During the Plelstocens lowering of sea level a flat-
topped platform developed. The present islands are moun-
tainous areas above this platform that survived the Plelsg-

togene erosion.



APPENDICES

Appendices A through ¢ are additional detzlled de-
scriptlions of rocks from the British Virgin Islands.

APPENDIX A

Hans Lollik Member, Tortola Formation

LJVE-1 1s a green coarse lithic tuff with several rounded
fragmeﬁfs up to 30 mm.long. The smaller fraéments

are generally less than 3 mm and consist of several textural

types of andesite as well as dark green glass fragments. The

emzller fragments are angular and probably have not been re-

worked, however a weak bandling produced by alignment of tabu-

lar fragments is present and may indicate some water trans-

port.

Augite: individual erystals; 2V = 53° % 10; N, = 1.6%6 T 0.001;
CapyMgygFeng.

Chlorite: 1in fragments and in matrix (both brown and green
in plane light); some probably 1s serpentine.

Plagioclase: Iindividual crystals and phenocrysts in fragments,

also as laths in matrix and in groundmass of Tragments.
Magnetite: euhedral, 0.1-0,5 mm.
Fpldote: as replacement within some fragments.

Glass: 7red brown, lsotroplc, shows flow banding in plane light.

169
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Calcite
Prehnite or zeolite: replaclng glassy matrix of fragments.

This sample generally resembles JVD-13 below except
that 1t 1s finer gralned and better sorted. Other than for
a few large fragments, the particle size is between 0,1 and
4.0 mm; the finer sizes being single crystals of plagloclase
and pyroxene. The groundmass consists of small fragments and
silt sized material of probably tuffaceous origin (possibly
glass now largely recrystallized to chlorite and clay minerals),
and makes up some 10-15 percent of the sample. The fextures
within the individual fragments have considerable variation,
again much like JVD~13 except that amygdule bearing fragments
are much less common and glass more abundant.

The rock has not undergone strong metamorphism, how-
ever the presence of prehnite and epldote suggest some hy-
drothermal alteration or mild metamorphism, neither of which
would be unexpected.

The calcite which appears to have been introduced as
a cementing material is restricted to local areas. Severzal
of the larger fragments show some alteration to calcite and
epidote. The calcite 15 not present in smaller fragments of
similar lithology and may have heen formed, along with sgome
of the epidote, pricr to thelr arrival in the depositilonal

environment.

JVD-9 1gs a mildly metamorphosed dark grey coarse lithic tuff.

In outecrop it is seen to be massively bedded with indistinet
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bedding plenes and with virtually no sorting. Numerous oryse
tals of plagloclase and pyroxene are present throughout the
gample.

: 2 = O 't O e ] + ]
Pyroxene v 2“]’9 l ] Ny lb 694 -— O 0002 L] CaL}OMgLI'OFeZD o

Plagioclase: gsome zoned with hornblende replacing chlorite

along zone boundaries.

Epidote: 1in amygdules in fragments and as scattered replace-
ment patches throughout rock,

Prehnlte: replacing plaglioclase and in amygdules in some
fragments.:

Chlorite: .varlety pennine; in amygdules and in groundmass.

Hornblende: marginal repiacing {also in cores of some) of

pyroxene and as minute needles in the groundmass

(these needles are probably actinolite).
Magnetite: corroded anhedral grains up to 0.5 mm.

The rock 1s a crystal lithlc tuff (crystals to 2 mm,
fragments to 5 mm) that has undergone virtually no rework-
ing since zoned plagloclase phenocrysts show no abrasion or
rounding. The plagioclase phenocrysts are strongly fractured
and broken suggesting breakage during ejection. The ground-
mass conslsts of small bfoken crystals of plagloclase and
pyroxene, flne-grained rock fragments and chlorite that may
be an alteratlion product of orliginal glass shards. Little
sorting either as to composition or grain size is present.

The rock has been mildly metamorphosed with the de-

velopment of some hornblende along the borders of pyroxene
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crystals and actlinolite as a replacement of the chlorite in

the groundmass.

JVD-13 1is a green to dark grey green lithile lgpilli tuff
with many fragments in excess of 25 mm. Although 1t has
apparently undergone mild metamorphism, the individual frag-
ments have not lost their texture or angularity. The frag-
ments have considerable variétion in texture from aphanitic
andesite to porphyritic andesite and a few felsites. No
glassy fragments were seen in the hand specimen.

Chlorite: 1in amygdules, in fragments and in groundmass.

Plagiotlage: ag phenocrysts in fragments, as swall laths in

fragments and groundmass, also in a few large indl-
vidual crystals.

Pyroxene: as phenocrysts in fragments and as individual
ocrystals in groundmass; 2V = 479 1 19,
Ny = 1,695 T 0.001; ca38M341F621‘

Epidote: deuteric(?) alteration of groundmass.

Magnetite: small euhedral crystals in fragments.

Glass(?): brown, lsotropic.

Calcite: as alteratlion of groudmass or as a primary pre-

cipltation in pore spaces.

Pumpellyite(?): parallel extinction, strong green (parallel

to fibre) to colorless (perpendicular to fibre) pleo-
chroism, mederate birefringence {(low second order).,
The lithic fragments encompass a wide variety of tex-

tural types--generally fine grained porphyritic andesites
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showing marked flow alignment of plagioclase phenocrysts and
laths., In addition there are many flne grailned amygdular
andssites with no phenocrysts and a few fragments are present
that may have been predominatly glass, These are now crys-
tallline on a submicroscopic scale as a result of the devitri-
fication of the original glass,

The sample shows no sorting and only a slight amount
of rounding. The matrix is fine grained tuffaceous material
which has been cemsnted by calcite. No alteratlon was seen
other than that evidenced by the epidofte which is probably
of deuterlc orlgin, possibly formed from the same fluids that
filled the amygdules.

JVD-15 1s a brown %o grey brown thin bedded tuffaceous vol-
canic sandstone, maXimum grain slize about 1 mm, interbedded
with volcanic wacke. S3orting is moderately good and con-
siderable reworking has taken place. A& slight grading is
pregent in the coarser units. The unit is about 25 feet
thick.

Plaglioclase: crystals showing slight rounding from reworking.

Chlorite: 1in groundmass, probably from glass shards.
Megnetite and Hematite

Caleite: restricted to a few layers.

Pyroxene: small euhedral somewhat broken grains.
Prehnite: replacing plagioclase crystals,

Quartz: in reworked amygdule.

Clay minerals: dark brown nearly opaque very fine grained

material in groundmass in portions of the rock.
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The rock is thin bedded and has been reworked by
water, It is composed of about equal parts of crystals,
average size 0,1 mm to maximum near 1.0 mm, lithie fragments
(about same size as crystals) and a fine grained groundmass.
Sorting is falr in that no exceptlonally coarse fragments are
present, however little sortling 1s present among the finer
materials. Some beds appear to consgist entirely of tuffa-
ceous material with little addition of reworked material.

The groundmass of these layers l1s characterlzed by the pre-
sence of chlorlie between the clasts instead of the dark clay-
like material of the layers showing signs of reworking. Some
of the chlorite 1s present in shard-like masses and appears

to represent the alteratlon of glass shards which suggests

a tuffaceous origin for these layers.

This sample is lnterpreted to represent alternating
deposition of reworked and non-reworked material along the
margins of an active cone. The caleite possibly lndicates
depeosition in an agqueous and possibly marine enviroanment in
that it is restricted to the lesg tuffacecus beds. The preh-
nite was probably formed during the period of contact meta-
morphism associated with the late intrusives. Prehnite re-
placement occurs only in the more coarse gralned and better
sorted tuffaceous layers. Its development probably was en-
hanced by the higher porosity of these layers relative to

the interbedded silty or clayey layers.
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In addition te the above samples which have under-
gone litvle, 1T any, metamorphism, several mildly metamor-
phosed samples are described here since they represent types

that were not observed in the unmstamorphosed section.

JVD=8 1g & light grey green coarse crystal-lithic tuff that
has apparently been mildly metamorphosed and altered to form
epldote and clay minerals respectively. The sample conslsts
of about 40 percent plagioclase crystals up to 4 mm in length
in a matrix of lithic fragments. About 5 percent of the rock
is small, up to l.5 mm, pyroxene crystalse In the hand speci-
men neo bedding or banding 1is present, however in outcreop it

is seen to be indistinetly massively bedded.

Plagioclase: An?8i5'

Pyroxene: altering to hormblende.

Hornblende: zfter pyroxene(?); actinolite(?) in groundmass

after chlorite(?).
Epidote
Prehnite
Chlorite: 1n amygdules.

The rock has undergone metamorphism about equivalent
to the epidote amphibolite facies; chlorite 1s present but
only as amygdule fillings in original fragments. No meta-
morphic fabric other than the felted amphlboles has been
developed and much of the original texture stlll remains In
the form of dark rims of original fragments. The original

mineralogy has, for the most part, been replaced by its meta-
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morphic equivalent but this has not destroyed the outline of
the fragments, Textures internal to the fragments or in the
groundmass show congsiderable alteratlon but suggest that
cousiderable variation was present--probablymuch like JVD-13
or LJVD=-1 only finer grained. The rock appears to have been
composed of aboul equal parts of crystals and lithic frag-
ments (of about the same size) set in a groundmass comprising
gbout 25 percent of the rock. The original grain size of the
crystals and fragments was about 0,5~1.5 mm. The above sug-

gests that the rock may have been a crystal lithic tuff,

JVD-36 1s a highly metamorphosed lithic lapilli tuff with
fragments up to 12 mm in diameter. Many hornblende crystals
probably after pyroxene crystals are present throughout the
matrix. Little sorfing or reworking sppears to have taken
place, however, these characters have been somewhat masgked
by the metamorphism. Most of the fragments were aspparently
porphyritic andesite.

Hornblende: after pyroxene phenocrysts and chlorite of

groundmass.

Plagioclase: AnéOiS; recrystallized after phenocrysts and
groundmass laths.,
Magnetite: belng Incorporated in hornblende.
Sphene(?): after ilmenite.
The rock 1s a metamorphoesged lithic lapilli tuff in
which a textural variation between fragments remzins but

probably no longer represents original textures. No meta-
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morphic follation was developed as only a felted mat of am-
phiboles is seen. The fragments are poorly sorted with their
maximum size over 10 mm. The groundmass of fine tuffaceous
material (now thoroughly recrystallized) appears to have

made up about 30 percent of the rock, the rest being frag-
ments upward of 0.2 mm. Some free crystals of plagloclage
and pyroxene (now entirely replaced by hernblende) are pre-

sent.

JVD-41 is a grey green to dark grey coarse lithic tuff or
velcanlic sandstone. The maximum particle size 1s about 3 mm,
with the average being near 0.5 mm. Sorting is very poor
but is present and varlations in it have formed slight bed-
ding with individual layers ranging between 1 mm and 20 mm,.
The sample has been moderately metamorphosed which has ob-
scured many of the original textural features.

Plagioclase: An65155 the grains are anhedral and have been

broken yet show no abrasion, l.8., they are very an-
gular, The average graln size 1s about 0.5 mm. Some
grains show alteratlon along their borders to a more
albitic plagloclase, probably proeduced during meta-
meorphism.

Horunblende: after pyroxene and chlorite,

Epldote: after plagloclase and as selective replacement of
portions of fine grained fragments.
The sample has been subjected to metzmorphism (epi-

dote amphibolie grade) and a weak follation has been developed
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approximately parallel to bedding, hoiever this has not de-<
stroyed many of the original textures.

The rock is a fine tuff (0.5 mm maximum grain size)
composed of crystals and some lithic fragments. Many of the
chlorites appear to have a shard-like form, however this has
been largely masked by the partial recrystallization of the
chlorlte to actinolite during the metamorphism. Pyroxene
fragments were present in the original rock and are now rep-
resented by hornblende pherocrysts up to 0.2 mm in diameter.
The rock originally consisted of about equal amounts of frage-
ments and chloritic matrix; the fragments belng about equally

divided between crystals and lithlc material.

T-170 is a moderately metamorphosed light grey green cryg-
tal-lithic ceoarse tuff with a2 maximum gralin size neer 5 mm
and an average of about 3 mm. The crystals of plagloclase
and pyroxene {(or hornblende after pyroxene) are set in a
matrix of lithic fragments and fine grained chloritic(?) ma-
terial. Patchy alteration to epidote 1s present throughout
the samples and may represent alteratlon along original frag-
ment boundariss which have otherwise been entirely obscured by
the metamorphism. No sorting, banding or bedding 1s present
either in hand specimen or in the field.

Plaglioclase: An25i5; highly altered euhedral grains, many

of which have been broken. Many crystals are larger

than 3 mm. There are alse minute laths in the matrix,
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Epldote: as amygdule fillings and as replacement of ground-
mass and plagloclasge phenocrysts.

Hornblende: after pyroxene.

Actinolite: very small needles in the groundmass, grown dur-
ing metamorphism.

Magnetite(?)}: very small specks.

The rock is a crystal tuff with very little sorting,
l.e., large crystals in & groundmass of fine grained material.
Most of the ocoriginal textures have been elliminated during
metamorphism and only the presence of phenocrysts of plaglo-
clase and pyroxene 1s now certlian. -The sample shows no foliz-
tion or shearing and was apparently not subjected toc metamor-
palsm greater than that of the eplidote amphibolite facles. No
pyroxene is present in the slide, however hornblende having
the crystal outline of pyroxene is present and 1s assumed to

represent the original pyroxemne crystals.



APPENDIX B

Sage Mountain Member, Tortola Formatlon

2:£§i is a lapilli tuff which is typical of the lapillll tufis
of the upper part of the Sage Mountaln member, .It consists
of lithic fragments of extremely varied texture but of ande-
sltic composition, scme of which are up to 50 mm in dismeter;
numerous pyrite crystals and a few plagloclase crystals are
present throughout the sample., Hand specimsn mineralogy:

pyrite, plagloclase, and chlorite. The sample is very siml-

lar to T=185 belowW.

T-185 1s a lapilli'tuff similar to T-184 but has undergone
considerably more metamorphism probably due to proximity to

a nearby dlke. The fragments have been stretched and molded
together. There is conslderable epidote replacement through-
out the sample, partlcularly between fragments.

Calcite, Epldote and Chlorite: as amygdule fillings in frag-

ments and also as replacement of plagloclase pheno-
cerysts. Chlorite is also present as a replacement
of glass in the fragments.

Plagloclase: as phenocrysts and as fine crystals in the

groundmass of fragments; also as free crystals. The
phenocrysts are altered to clays, calcite, epidote,

gnd chlorite.
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Magnetite: small annedral grains throughout fragments and

groundmass .

The rock 1s a lithic lapilli tuff that has undergone
low grade metamorphism. It consists entirely of fragments
from 1 mm to 20 mm in diameter. No matrix is recognizable
between many fragments which appear to be molded together.
The textures within the fragments are quite varlable but all
are flne gralned and probably originally had glass in the
groundmass. The epidote, calcite, and chlorite were formed
post depositlion by selective replacement of crystals, ground-
mass, Ifragments, and as amygdule flllings. . Some fragments

contain partlally devitrified glass in the groundmass.

T-200 is a thin bedded tuffaceous volcanic sandstone. The
finer units have an average gralin size of 0.1 mm; the coarser
beds about 0.5 mm, with some lithic fragments up to 2 mm,

Mineralogy: Pyroxene, plagloclase, chlorite, pyrite.

The sample 1s poorly hedded and has lenses of fine
grained material interbedded with the coarse. Some grains
are rounded which suggests some reworking during water trans-
port. However, many of the gralns are very angular and are
probably of alrborne origin. The material comprising the
rock has been transported a short distance by water, possibly

by streams. No evidence of metamorphism ls present,

For further descriptions see T-213 and T-226 under

metamorphism of the Tortola formatlion.



APPENDIX C

Shark Bay Member, Tortola Formatlion

T-220 is a laplilli tuff, some portions of which would be

best called a breccia. Many fragments are tabular and show
an alignment parallel to bedding. The ccolor is light whitish
green and numerous leucocratic fragments, up to 20 mm in 4i-
ameter, are present. Dark green glassy fragments constitute
about 10 percent of the rock. Patchy replacement epidote,
or possibly fragments of granular epldote, are pregent through-
out the sample. Sorting is very poor. {See Figure 11, p. 56b.)
Epidote: 1n patches and as discrete grains throughout the
sample. It is present in both the groundmass and
the fragments and apparently is not selective as to
texture of the original fragments.,
Chlorite (pemnine?): most abundant in the groundmass portion
of the rock, however it is also present 1n most of
the fregments aud occurs as amygdule fillings in
several of the fragments.

Plagioclase: crystals up to 1 mm throughout the groundmass;

some grains are bent, and most of them are broken:
ne zoning was observed and twinning is not common,
The plagloclase is probably albite or sodic-oligo-
clase, all of which has been altered Lo some extent

to clays and sericite,
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Calcite, quartz, chlorite; and (?)zeolites occur in amygdules

in some fragments.

The rock 1s a lithic lapilli tuff, showing no meta-
morphism but showlng some deuteric alteration in the form of

e¢pldote and chlorite,

I-223 is a grey green lithlc coarse tuff, The outecrop con-
sigts of 1ndistinctly interbedded coarse tuffs and lgpilli
tuffs. OSeveral fragments in excess of 20 mm are present in
the hand specimen which is otherwise a coarse tuff. The frag-
ments are quite variable in texture and composition, encom-
passing light purple aphanitic andeslite, green aphanlitic
andesite,; purple perphyritlic andesite, felsite and dark green
glassy material. Plagioclase crystals are also present
throughout the sample. A slight banding, produced by orien-
tation of tabular fragments, is present, but since the angular
fragments show very little abrasion, this banding is thought
elther to be primary or to have been developed during slight
slumping and not through water reworking., Many of the sur-
rounding ocutcrops show conspicuous slumping although this one
does not.
Glass: perlitic (onion skin) structure is present in a few

fragments. The glass is now all devitrified to a

fine grained colorless low birefringence material,

possibly plagioclase or quartz.

Epldote: replacing plagloclase.

Chlorite: predominately in matrix hut also in fragments;
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as amygdule fillings; also after glass with rellc
perlitlc gtructure.

Calcite: present between fragments and as amygdule fillings
in fragmenbs; it also replaces(?) plagioclase pheno-
crysts.

Plagioclage: phenccrysts ln fragments; individual crystals

in matrix and as minute grains in matrix and frage-
ments.

Magnetlite: small irregular crystals.

Quartz: as vein filling in fragment, rarely as crystals in
matrix,

The rock fragments are very varlable in texture from
devitrified glass to porphyritic felsites with plagioclase
crystals up to 2 mm. Many single plagloclase crystals up to
1l mm are present. No flow or metamorphlc texture is seen ex-
cept in fragments (primary flow textures). The rock appears

to be a lithic tuff that has undergone litile or nc transpor-

tation or reworking. It has undergone alteration with developw

ment of epldote and calcite.

LJVD-2 consists of scattered fine gralned volcanic fragments
vp to 40 mm in diameter in a matrix of coarse lithic tuff.
The rock 1s whitish green in color and contains numerous
dark green glassy fragments. A slight banding is present
produced by orientation of tabular fragments. The fragments
are quite varied in both ftexture and mineralogy. See Figure

5, page 46b,
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Pennlne: as amygdule fillings.
Quartz: amygdule fillings.

Epldote: as selective replacement of the groundmass along
fragment borders, apparently formed post deposition,
yet in some cases 1t has the relic orientation of
the original groundmass,.

Plagloclase: An20i5, ag euhedral to anhedral broken graing
in the groundmass and as phenacrysts in fragments.

Also as very fime laths 1an the groundmass and in fel-
site fragments.

Magnetite: enhedral crystals up to 0.2 mm normally altered
to hematite.

Hematite and Limonite: as amygdule fillings,

Pumpellyite and Chlorite: amygdule fillings in amydgules
rimmed with gquartz.
Analcime: Interstitiasl fillings,
This sample is similar to JVD-13 (p. 172) exzcept that
the average fragment size is over 5 mm and there are very
few free crystals in the matrix., Most of the lithlec fragments
are very angular yet some are possibly molded about earller
fragments,; suggesting hot, airborne origin. These clusters
of fragments could be reworked materlal from a spatter cone.
This is probably the case since a very large varilation in
texture is present between fragments which suggests a mixing
of sources.

Little alteration or metamorphism has taken place-=-
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the only evidences of which are the amygdule filllngs and
the devitrification or alteratlon of glass to chlorite and
clay minerals. The groundmass conslsts of fine tuffaceous
material, chlorite and clay minerals (after glass fragments?)
and comprises about 20 percent of the rock.

The rock is apparently a mildly reworked lithle la-
pilli tuff,

No pyroxene is or was present.

JVD=-43(1) In & polished surface the sample conslsts of sev-
eral large slightly rounded fragments 3 to b om in maximum
dimension (maximum in outerop is over 10 cm)} set in a ground.
mass of lithic lapilli tuff (See Filgures 9 and 10, page 56a).
Several fragments appear to be bombs since they have a sharp
cusp-like termination and a weak flow structure parallel to
the margins of the fragment. A few dark green glassy frag-
ments are present. Epidote ils present throughout much of the
groundmass and was formed post sedimentation. The rock has
probably been metamorpliosed slightly by some of the neigh~
boring dikes,



APPENDIX D

Flows, Tortola Formation

T-10lb is from the base of an amygdule rich andesite flow.
The rock is medium grey and appears to consist of about 30
percent amygdules varying in size from 0.l mm to 4 mm, No
flow orientation of the amygdules isg present.

Quartz: filling amygdules.

Plagioclage: phenocrysts with relic zoning showing brown

color characteristic of metamorphic plagioclase.
Hornblende: acicular crystals in plagloclase phenocrysts;

also as an acloular "matted" mass in the groundmass,

also some in amygdules.

Maggetite; small subhedral grains in the groundmass.
Biotite(?): trace in amygdules.

The rock shows no shearing or foliation. Thirty per-
cent of the rock 1s quartz fillled amygdules. Another 30 per-
cent ig plagioclase phenocrysts, and the remainder is a ground-
mass of matted hornblende crystals, plagloclase laths and mag-

retite.

T.1l02 The hand speclmen shows numerous amygdules up Yo one
inch in diameter in very fine grained groundmass. Phenocrysts
of plagioclase (to 2 mm) and probably also of pyroxene are

alego present. The sample was taken near the top of a flow.
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Microscopically, T-102 is the same az T-10lb except that the
amygdules are smaller and contaln plagloclase (after zeolite?);
alsc geveral hornblende phenocrysts (after auglte?) are pre~

sent.

T-46a In hand specimen the rock consists of glomero-porphyro-
blasts and phenocrysts of feldspar or elge amygdules fillled
Wwith zeolites 1n a fine grained groundmass of chlorite. A
few small lithlc fragments may be present but could be loczal
segregation in a flow.

In thin section the texture 1s that of a porphyritic
flow. Plaglioclase phenocrysts aré large and well zoned but
not broken. Some glomero-phenocrysts are also present of ig-
neous(?) origin. The groundmass (agbout 40 percent of the
rock) is amphibole (actinollite?) and fine grained plagio-

clases some chlorlte may zlso be present.

T-160 is from the top of a brecciated flow. No amygdules
are present in the very fine grained fragments. Areas be-
tween fragments sppear to counsist entlirely of epldote which

may be replacing zeolites, chlorite and/or prehnite.

T-181 and T-182 are samples of the flows in the vicinity of
- Meyers whlch contain phenocryshs of plagioclase and pyroxene
up to 3 mm long and amygdules up to 1.5 cm long. Many amyg-
dules are pipe shaped or tabular and are more abundant near

the interpreted top of the flow. Epidote, quartz and calcite

are 1In the amygdules.



APPENDIX E

Necker Formatlon, North of Virgin Gorda

The followling descriptlons in approximate stratigraphic
order (bottom to top) are included to gilve the reader a more

detalled picture of the sediments.

PP=11 i3 a light bluish green very fine grained tuff with a
few fragments up to 5 mm arranged in bands parallel to bed-

ding. The green color is probably due to chlorite and epidote.

PP-12 ig a tuff as in PP-11l but with large (1" by é" by ?) epi-
dote nodules in it as a replacement of the tuff.

Mieroscopically PP-11 and PP-12 are very similar to
N-7, page 198,

PP-10 is light green lithic lapdlli tuff resembling those of
the Shark Bay member of the Tortola formation. A banding is
present parallel to bedding produced by aliganment of shard-

like fragments in the filner grained portions of the sample.

A large variation in fragment types 1s present with a range

of variation from porphyritic andesife to aphanitic andesite
to felsite. Pyrite crystals are present, some now replaced

by limonite. Dark green glassy fragments are also present.

Epidote 1ls present throughout the groundmass and in a few

fragments. The mineralogy includes epldote, plagloclase,

chlorite, pyrite, and probably guartz. (See Figure 14, p. 64a.)
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PP-1l, PP-2 and PP=3 are lithlc lgpilli tuffs composed of frag-

ments of a wide mixture of textural and compositlonal types
set in a groundmass of finer fragments of about the same char-
acter, The fragments vary from pilotaxitic felsites to trachy-
tic felsites and from porphyritic brown andesites to aphanitic
green andesite, they also include numerous fragments of ear-
lier fragmentals and & few fragments of dark green chlorite-
rich materlal, probably altered glass. Several fragments of
what was probably a fine grained tuff are also present. No
granitic fragments were observed except PP-4 which is dis-
cussed below. Alteration with-the formation of epidote is
common throughout the samples but other signs of metamorphism
are missing. Several fragments in FP-2 are over 5 ¢m in maxi-
mum dimension; all other fragments are within the range of
lapilli tuff. Several brececia bheds were seen in the fleld
but were not sampled. TFor photographs of PP-1 and PP-2 see
Figures 15a and 15b, page 64b.

In thin section sample PP-3 consists of

Plagioclagse: 1in groundmass and as crystals and phenocrysts;

some phenocrysts are replaced by epldote and albite.
Epidote: replacing plagloclase phenocrysts and as free crys-
tals; also replacing the groundmass.
Chlorite: 1in amygdules and in irregular blebs after glass(?).
Quartz{(?): very small grains.
No magnetite,

Several fragments are greater than 15 mm in diameter,
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some of which are fragments of earlier tuffs which look much
like N=13.

This 1lithic lapilli tuff shows little evidence of re-
working except possibly by slumping. The fragments are of
many types, all of which are flne grained. All fragments are

angular as are the plagloclase crystals in the matrix.

PP-L is a fragment about 12 ¢m in diameter in one of the

brecclas like the lithic lapilli tuffs described above (PP-1,

2, 3), In hand specimen the fragment consists of large pheno-

crysts{?) of plagioclase with quartz in the intersbtitiszl

areas along with a fiﬁe gralned dark material, elther a finély

crystalline groundmass or a mineral such as hornblende or

chlorite. Epldote is also present in many of the interstices.

The border areas of the plagiocliase phenocrysts are inter-

grown with the guartz.

Fragment #1

Quartz: showing graphic Intergrowth with plagloclase and
orthoclase.

Plagioclage: intergrown with guartz, as above; altered to

clays and serlcite.

Orthoclase(?): apparently all altered bto sericite.

Sericite: alteration of orthoclase and possibly also of
plagloclase.

Clays: alteration of plagloclase.

Chlorite: interstitial to guartz-plagioclase intergrowths.

Epidote: alteration of plagloclase.
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Ilmenite(?): altered to leucoxene or similar mineral.

The fragment is a granophyre very similar to many of
the late intrusives in the upper portion of the bathelith,
However, it differs from the intrusives in the batholith in
that it contains more chlorite and epidote and less opague
minerals. It hags also undergone considerably more alteratlon
with the development of serlcite and clays after the feld~
SpAars.

Fragment #2

Plagioclase: euhedral to subhedral crystals in a finer

plagioclase and quartz(?) matrix.

Epidote and Chlorite: as alteration of horunblende(?).

Quartz: very fine grained, in interstitial areas,

The fragment is a2 flne grained dlorite similar to
those in the upper portlion of the Virgin Gorda batholith.
Epldote and chlorite have replasced the ferromagnesian min-

erals which were probably criginally hornblendss.

The matrix which contains the fragments consists of
chlorite, epldote, plagioclase and quartz. A fine grained
opaque mineral is also present; probably limonite. Numerous
broken crystals of plagioclase are present throughout the na-
frix along with fragments of felsite and a few chlorite rich
areas representing elither original glass or amygdule fill-
ings. Several fragments of pllotaxitic andeslites are also
pregent. The matrix has been sheared,; however unsheared por-

tionsg of it show that it had some flow banding, developed by
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slumping; the shearing has broken many of the plagloclase
phenocrysts and felsgite fragments.
The rock from which the fragment was taken is a

lithic lapilli tuff with local breccia lenses.

PP-5 conslists of thin bedded to laminated fine tuffaceous
sandstone and shale, now partlially altered to epldote which
has developed throughout the sample. Considerable small

scale distortion of bedding is present; it was probably devel-

oped during post deposltional regional deformation. The unit
1s about 50 feet in thiclkmess.

PP-8 is a green lithic coarse tuff with a few fragments of
felsite up to 15 mm. The sample shows poor sorting and a
weak graded nature, possibly due to alr sorting. A very weak
banding produced by orientation of tabular fragmenis is pre-
sent and is parallel to bedding. Epidote 1s present in small
grains throughout the rock.
In thin sectlon the sample consists of:
Quartzs filling vugs, replacing plagioclase, and as detrital
grains.

Plagioclase: subhedral phenocrysts and broken crystals,

Aani; also as fine laths in the groundmass.
Epidote: replacing plagloclase and growlng into wugs; that

replacing plagioéiase seems to be growing into the

plagioclase from the borders; replacement epidote 1s

also common 1n the groundmass.
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Chlorite: after plagleoclase and ln vugs and groundmass.
Apatite: 1incluslons in the plagioclage,

The rock is a crystal lithic tuff showing consider-
able alteration since depogition, much more altered than
samples on Necker Island. Thls probably is due to the prox-
imity to the Virgin Gorda batholith. Free quartz gralus are
present throughout the sample and are very angular. The same-
ple shows no evidence of reworking although slumplng cor very

short transport by water may have taken place.

PP-9 1g a large fragment 1n_lithic lapilll tuff. The sample
has undergone cousiderably more metamorphism than other sam-
ples from Prickly Pear. Some hornblende 1s present and the
fragment boundary ls indistinet and 1s surrounded by an al-

teration rim of a much lighter color.

M-1 1s a light green to grey lithic lapilll tuff that has
undergene considerable alteration, possibly low grade meta-
morphism, with the result that fragment boundaries are very
indlstinet. Epidote occurs as alteration patches, up to 8
mm in diameter, throughout the sample. The largest fragment
is over 30 mm in diameter. In the fleld the unit is massive
with very indistinct contorted bedding, probably the result

of deformation during slumping.

M-2 18 a coarse grained light grey green lithic tuff or tuffa-
ceous sandstone. No bedding or other macroscoplc structures

are present,
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N-1 is a very light grey to very light tan tuff with very
poorly developed bedding. It apparently has undergone altera-
tlon with the production of clays. Most likely it is a de-
vitrified vitric tuff.

In thin section it is a very fine grained tuffaceous(?)
sediment with maximum grain size 0.05 mm. It has an inter-
grown texture, probably the result of crystallization from
glassy fragments. No beddlng or sedimentary structures were

observed. The minerals present are quartz and plagioclase.

N-Z is an interbedded lithic coarse tuff snd lithic lapilli
tuff, A strong banding parallel to bedding is preseﬁt pro=-
duced by plate-like fragments of dark green chlorite (after
glass shards?); other lithic fragments are felsites and fine
fragmental andesites. The maximum fragment size is about 10
mm with most 1lithic¢ fragments being below 5 mm in finer units.

Plagioclase: phenocrysts up to 1.0 mm long and also as fine

laths in the groundmass.
Chlorite: in large (3 mm) patches enclosing plagioclase.
Quartz: after glass(?) and as interstitial fillings.
Epidote: scattered throughout the slide as a patchy altera-
tion.

Magnetite(?)

Prehnite or Sericite: as a very fine alteration of the ground-

mass and also of plagloclase.
In thin section lithic fragments (to 2 mm) are set in

a matrix of plagloclase phenocrysts (to 1 mm) and fine grained
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to microcrystalline groundmass that locally shows a marked
flow texture. Thilis may have beem produced by slumpling of the
tuff shortly after deposition or it may be evidence of an
ignimbritic origin, No evidences of reworking were seen and,
other than the flow=1lke banding, no internal structures were
observed. The rock is probably a lithic tuff with some vitrie

and c¢rystal components.

N-3 iz a light tan to ollive fine tuff with no banding. Bed-
ding in the field is from 2 1lnches to 2 feet. The sample 1is
moderately well sorted w;th no fragments over 1 mm,

In thin section it is a fine gralned tuffaceous{?)
sediment with recognizable plaglioclase fragments up to 0.1 mm
in diameter. These plagiocclase crystals have bheen added to
in place and now are intergrouwn with the surrounding crystals
suggesting that fhe rock may have been a crystal-vitric tuff
which has now recrystallized to plagioclase, quartz and chlo-
rite. HNo bedding or other sedimentary textures were seen in

thin section.

N-4 is a highly altered lithic lapilli tuff in which the frag-
ment boundaries have heen obscured by the patchy development
of epldote. Most of the fragments are of andesitic origin
with no felsites observed. Many fragments have dimensions up
fto 30 mm; and maﬁy of these are dark green chloritic fragments,

which are possibly altered glassy(?) fragments.

N-5 1z a light tan lithle fine tuff with moderately developed,
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yet diffuse, bedding, possgibly developed during reworking by
water, but most likely by original size variation in the air-
borne materlal. A definite shard-like texture parallel to
the beddling is observed on the cut surface. This texture
seems to support an airborne origin as it is doubtful if

these shards could survive any reworking.

N-6 is a light brown to grey brown lithic tuff with a maxi-
mum grain size of l.5 mm. Very little sorting 1is evidenced
and a slight banding parallel to bedding 1s present, caused
by orientaltion of chlorite aggregates which may be an altera-
tion-of orlginal glass shards. The rock is épparently a sub=
aerial tuff but may have been deposited in shallow water; if
so, very little reworking took place as it is not evidenced

in the hand specimen or in the field.

In thin section N-6 is a flne grained tuffaceous sedi-

ment much like N-3 and N5, The graln size i1s normally less

than 0.2 mm. The minerals present are plagicclase, chlorite,

opaque oxide (limonite? or magnetite?), epldote crystals, and

quartz. The sample has weak flow orientation in an otherwise
felted groundmass. Sorting is very poor, and the plagloclage
grains are angular with little, 1f any, evidence of sbraslon.
Most 1lithic fragments are less than 0.5 mm. No bedding is
present, however a bandling is present in the fine grained
groundmass parallel te the long axes of the plagloclase pheno-

crysts, suggesting a shard orlgin for the groundmass. The
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rock is most likely a vitric=lithlc fine tuff with some

{about 8 percent) crystals scattered throughout it.

N-7 1s a light blue green, very fine grained vitrie(?) tuff
with very slight banding parallel to bedding. In the fleld
it 1s thin bedded to messive (1 inch to about 5 feet), how-
ever, the bedding planes are very 1ndistinct.

Mineralogy: bplagioclase, chlorite, magnetlte, prehnite(?)

rare, and guartz{?).

The above minersals developed by devitrification of
a very fine grained vitric tuff, Plagloclase fragments larger
than 0.01 mm are vefy rare and the largest crystal seen wés
0.1 mm- Rock fragments up To 1 mm may have been pressnt but
their texture 1ls s0 simllar to the matrix that their presence
is hardly more than a suggestion. No bedding or other sedi-

mentary features were observed,

N-11 1s a lithic coarse tuff which has undergone conslderable
alteration te form epldote, chlorite and clays, after -original
plagioclase, glass and ferromagnesian minerals, yet the frag-
ment borders are meoderately sharp and angular. Slight banding
1s present which is parallel to bedding and formed by orienta-
tion of tabular lithic fragments and dark green chlorite ag-
gregates which may be an alteration after original glassy
shard«like fragments. The maximum fragment size is 10 mm,
with most fragments being less than 5 mm. The sample 1s prob-

ably a subaerial tuff that has undergone very little reworking.
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N-13 is & lithic lapllli to lithic coarse tuff composed of
fragments up to 30 mm in dlameter. Very fine grained, light
purple reaction rims are present around the larger fragments,
however smaller fragments, under 8 mm, have no resctlon rims.

A slight banding is present parallel to bedding caused by
oriented chlorite aggregates ﬁhioh may be altered glass shards.
The whole rock has a general grey to grey brown color and weath-
ers to a rough surface consisting of spheroidal masses, the

cores of which consist of altered felsite material.

Plagioclase: An5t5, as phenocrysts and as minute grains in
the groundmass.

Epidote: 1in single crystals and as aggregates throughout the
rock. This alteration 1s very selective having re-
placed the groundmass but rarely having replaced any
of the fragments. Sowne areas of the rock are appar-
ently fragments but no textural differences are pre-
sent other than no epidote 1s present within the frag-
ment-like area whille considerable diseminated epidote
is present ocutgide.

Magnetite: small subhedra in fragments.

Quartz: in groundmass and in fragments.

In addition to the epldote the groundmass consists of
plagloclase and quartz crystals that are interlocking along
thelr margins; The fragments, which are virtually free of
epidote, are 5 to 10 mm in diameter. The texture, other than

for the epidote, 1s the same inside and outside of many of
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the smaller fragments suggesting that they may have been
formed by selective alteration of an otherwisé homogeneous
groundmass. However, the larger fragments are felsites with
pllotaxitic to trachytic textures with the flow textures in
the fragments having no relation to each other. The present
texture in the groundmass 1s predominately one of recrystal-
lization, as indicated by the interlocking of the plagloclase
and quartz crystals which suggests that the rock was a vitric
fine tuff. However, the large felsite fragments and some of
the chlorite aggregates seen in hand specimen suggests that
the sample 1s actually a lithic or lithic~vitric coarse to
lapilli tuff.



APPENDIX F

Necker Formation, °Guana Island Ssction

The descriptions below are included to give both the
petrographlc character of the rock ag well as a more detailed
desceription of the typlcal rock types exposed in the 'Guana

Island portion of the Necker formation.

G-1 is a brown, very thin-bedded tuff, the bedding being very
indietinct; even on cut surfaces, The rock has been highly
weathered, probably by subaerial weathering at the time of
deposition. No coarse particles are seen, however some aglome
eration of fine particles is present which may represent in-
ciplent tuff ball formatlion as 1s present in G-5.

Mineralogy: plagloclase, quartz, magnetite and hematite,

caloite.
The rock 1ls a very fine grained sediment, probably
a devitrified tuff. It has been thoroughly replaced by cal-

cite,

G=2 is a light tan lithic coarse tuff with a maximun particle
size of about 2 mm and an average less than 1 mm. The sort-
ing is poor, yet bedding is marked but not distinct. Bedding
is represented by alignment of ccarser-gralned material inter-
bedded with finer lamella. A slight compositional change is

also present between the varlous lamellae. The sample was
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weathered at the time of deposition by subaerlal weathering
suggesting that it was deposited as an ash and was not sub-
Jected to water reworking. Very Indistinct cross bedding is
present possibly representing poorly developed aeollian rip-
ples. The rock may have undergone mild deformatlon in the
form of shearing.

Pyroxene: very small grains.

Quartz: a few detrital gralns, most not primary.

Plagioclase: albite.

Chlorite: secondary.
Epidote: 'secondary.
Magnetite or Hematbite: 1n very small grains.

The rock is a fine crystal or vitric crystal tuff
that has undergone mild metamorphism with the productlon of
epldote throughout the groundmass. The rock is finely bedded
and shows slight crystalographic oriemtaltion parallel to bed-
ding. Chlorite is present throughout the groundmass, and is

probably derived from original glass.

G=3 1s a light green tuff which has been highly altered with

the formation of calcite and epldote as a replacement of much
of the groundmass and some of the original lithic fragments.

The rock c¢an be described as a lithic ccarse or lapillil tuff

depending on where in the outcrop one looks. Some fragments

are greater than 100 mm across, however the predominant frag-
ment size 1s 10 te 20 mm, and in many areas it is entirely

legs than 4 mm. The mineralogy present is chlorite, plaglo=-
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clase, epldote and probably considerable amounts of clay.
Calcite is present as a replacement of some of the fragments,
which possibly were calcareous in the begimning, No banding
or obvious bedding ls present and the outcrop as a whole may
well represent a slumped mixture of coarse tuff and lapilli
tuff.

One fragment 1s a fine grained dark green porphyritic
andesite that looks much like some of the keratophyres of the
Water Island section. Pyrite is present throughout the frag-
ment and some mild zoning parallel to the borders in which
the pyrite has been removed indicates an alteration of the
fragment near the time of deposition, Other fragments are
quite similar to this, but most of them are coarser grained

and have numerous plagioclase phenocrysts up to 5 mm long.

G-4 is a dark green breccla with considerable color variation
being present between indlvidual fragments. It consists of
nunerous rock types, based upon texture, the geries varylng
from fine gralned aphanitic‘andeslte to perphyritic andesite
which is the most predomlnate (See Figure 26, p. 78a). However,
several fragments of a trachytlec nature are also present pos-
sessing a texzture much llke some of the welded tuff units
described below. Several fine grailned felslite fragments are
also present in the groundmgss which conslsts of fine gralined
chlorite and plagioclase. Many dark green chlorite rich areas
are present, probably representing original glassy fragments.

The maximum size particle as exposed 1n the hand specimen is
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greater than 120 mm, however, fragments of thlg size are un-
cemmorl, most of Them belng less than 20 mm in maximum dimen-
sion., One fragment ils present which appears to be concretlion-
ary and 1s possibly an enlarged verslion of some of the mudball
structures as seen in G-5. Epidote has replaced much of the
groundmass and has also selectively replaced fragments and

portions of fragments.

G-5 consisis of three samples taken over a stratigraphlc in-
terval of about three feet. They consist of coarse lithic
tuffs with a weak bedding some of which is graded. They are
light green to grey green in color and oﬁntain digtinctive
concertionary structures, resembling pilsolites, that were
probably formed by raindrops falling in a fine subaerlial ash
which balled up to form mudball-like structures up to 8 mm
in diameter (see Flgure 21, p. 78b). Some of the units do
not contain these structures and are normal lithic fine and
coarse tuffs; some of which have flat tabular fragments 3 by
30 mm which are plates from a fine gralned mudcracked surface.
These are lncorporated with lithie fragments of tuffaceous
origin up to 3 mm in diameter. Some units are very fine
grained and silty in appearance and possibly represent de~
peosition on a playa-like surface. The section shows little
metamorphism and probably can be considered to be virtually
unaltered since deposition, except for some weathering at or
shortly after the time of deposition.

Plagloclage: largely replaced by epidote.
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Chlorite

Epidote

Calclte

Quartz: amygdule(?) fillings.

Concentric spherulitic structures (mud balls).

Very fine gralned groundmass, plagloclase, epidote and clays.
The rock is a mildly metamorphosed {(or altered) vitric-

lithic tuff with about 10 percent plagloclase crystals now

largely replaced by epldote. The origin of the mud balls ls

uncertain. They always have a core of coarser material en-

closed within a rim of fine grained particles. Alteration to

epidote has masked any other original features,

G-8 is a fine porcelaneous tuff, thinly bedded to laminated,
and consists entirely of particles visible only under the mi-
croscope. Several guartz filled fractures cut through the
sample; however, they show no dlsplacement other than a slight
dialation. The color is light tan to almost white on a fresh
surface,

Mineralogy: Quartz, Calcilte, and Epidote(?).

The sample is too fine gralined to show anything in

the thin sectlion other than a very weak bedding.

G-11 1is a dull purple lithic lapilll. tuff with fragments hav-
ing an average slze near 10 mm. The sorting 1s moderately
good, yet the fragments show no signs of reworking. All frag-
ments are highly altered and origlnal textures are quite in-

distinet.
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g;g& is a light green lithic lapilli to coarse tuff with
about 20 percent of the rock being large fragments, up to 15
mm in diameter. The fragments consist of many textural and
compogitional types from dark green chloritic fragments, ap-
parently originally glass, to felgite, with porphyritic an-
degites and aphanitic andesites also being pressent. Consider-
able color variation also exlsts between fragments varying
from dark green to red to white. Two fragments have cuspate
ends, suggesting that they may have been cooled in.the air,
i.e., they were bombs rather than blocks. The sorting is
poor and ne evidence of reworking is present. The sample
was apparently deposited as a subaerlial ash and may have un=~

dergone slight slumping since deposition.

G-12 1g a 1light purple To brown welded tuff with a very fine
banding. Considerable fracturing ls present which may be due
to later deformatlion. Amygdules are present, however they
have been considsrably elongated and squashed parallel to bed-
ding.

Chalcedony: filling cavities, both spherulitic ones and
flattened ones. Large grains of -quartz are also pre-
sent, normally assoclated with the fine gralned radial
cavity filling chalcedonly.

Limonite: (oxide at least) always present forming rims around
spherulitic quartz filled cavities.

Calcite: 1n the groundmass in large optically orilentated
patches elongate parallel to bedding(?) or maybe the

elongate patches glve a pseudo bedding.
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Quartz: oprobably an amygdule filling since a similar habit
occurs in large rimmed amebold masses surrounding and
intergrown with calcite.

Magnetite: minute euhedra in unaltered portions of the sample.

Plagloclage: albite; as large laths in unreplaced areas of

the sample.

The sample 1s very highly altered to calcilte which
replaces about 50+ percent of the plagiocclase phenccrysts and
groundmass. Several altered albite phenocrysts are present.

A strong planar structure is present in the groundmass asg evi-
denced by the orientation of the small tabular plagloclase(?)
crystals in the groundmass, and by the calcite alteration which
has in part been controlled by this structure so that it is

now parallel to it. Quartz and chalcedony filled spherules

are present throughout the sample and probably represent filled
vessicles; the chalcedony may, however, represent variolitic
structures. |

The sample was probably a felslc flow or possibly a
welded tuff in which banding is present on a large but some-
what variable scale. No ferromagneslians were geen except for
the limonite present throughout the slide, whlch occurred
mainly as haleoes arcund the quartz and chalcedony filled

veglicles. .

G-23 is a highly altered welded tuff showing columar Jolnt-
ing in the field; the hand specimen is very vesicular, however

this ls a selective alteration of the original phenocrysis
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and amygdules. The less altered groundmass 1s light green
to whitish green in color and consists of glass or 1t's de-
vitrified products. Thin flow banding 1s present and is formed
by the less weathered streaks of the above mentioned glass and

the more weathered veslcular appearing areas.

G-24 is also a welded tuff very simllarly banded, and may ac-
tually be a less weathered equlivalent of G-23. Some glassy
areas may be present, however most are apparently devitrifled
to chlorite and feldspar with a few plagloclase phenocrysts
scattered throughout the rock; calcite alteration is present
throughout the sample.
Quartz: as replacement of groundmass and in some amygdules.
Chalcedony: as radiabing rlms on amygdules, often about a
gsericlte core,

Plagicoclase: phenocrysts--highly altered to sericlte, cal-

¢ite and ¢lay; some are near An50 in composition,
others near An30 and some have been entirely replaced
by albite.

Calcite: as amygdule fillings.

Sericite: as replacement of original plagloclase phenocrysts
and as replacement of the groundmassg.

Magnetite: assoclated with the amygdules.

Limonite: after magnetite and as stain around amygdules.

Pumpellyite(?) and Hematite or Limonite: as alteration pro-
ducts, possibly assoclated in tlme with present day

weathering; occur in weathered portion of the rocke.
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Chlorite: throughout rock as possible amygdule filling;
also present in groundmass.

Clays: after plagloclase phenocrysts.

Zeclite(?) asscclated with chlorite in amygdule--weakly brief,
colorless, cccurs as either fibres or blades.

Two types of amygdules are present--one is a radlat-
ing mass of chalcedony fibres with sericite at the core.

These are always very near to belng round and contaln a rim
rich in lron hydroxlde., The second type, more truly amygdule-
like in character, has an irregular shape and is filled with
quartz, calcite, chlorite and (?)zeolite.

The rock is a flow, probably a welded tuff. The plaglo-
clage phenocrysts show alignment and the large irregular amyg-
dules are also elongate in this directlon suggesting flatten-
ing. The calclte and serlcite replacements have obscured
most textures and have no apparent orientation except when

they have replaced a previously oriented grain.

G-27 1s a thinly banded welded tuff; the banding is contorted
and shows evidence of flowage. The sample is probably a fresh
equivalent of G-26. The glassy bands are light grey in color,
the 1lntervening areas are white to brown, depending upon the
degree of alteration. Calcite, as an alteration, is present
throughout the sample.

Limonite

Plagloclase: phenocrysts, An10+5; also as very fine crystsals

in the groundmass.
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Sericlte: alteratlion of plagicoclase phenocrystse.
Calcite: as alteratlon of plagioclase phenocrysts and of
the groundmass.

The sample 1s probably a flow or a welded tuff in
which the glassy groundmass has crystallized to plagioclase,
quartz and hematite and whlch has undergone replacement by
calcite, This has been followed by weathering. G-23 may be

mach the same.

G-33 is a flow breccla with many fragment types, however fel.
slte ig most abundant, in a purple grey groundmass which alsp
includes minute felsite fragments (See Figure 19, page 78a).
The thin sectilon shows that the rock has been highly sltered
with the formation of calcite throughout the rock. No obvi-
ous flow banding or other characteristics of flow are present

in the thin section, nor does the sampie appear to be a tuff.



APPENDIX G

FEarly Intrusives

JVD-6 In hand specimen plagioclase and pyroxene phenocrysts
are present surrounded by a flne grained groundmass in which
a few amygdules may be present. The sample has been highly
metamorphosed but no foliation has developed.

Plagloclase: mildly zoned, with conslderable twinning in the

phenocrystss fine crystals in the groundmass.
Agghibole; after pyroxene phenocrysts and as miﬁute crystals

in the groundmass. These small crystals in the ground-

mass are probably actinolite.
Magnétite: partially resorbed euhedra throughout the rock.,

The rock ig & porphyritic intrusive augite-andesite
that has undergone metamorphism with little change of texture
but with recrystallization of the mafic components. The in-
trusive may have been a feeder, or offshoot of one, for the

later augite-bearing tuffs.

JVD-4 The hand specimen 1s comprised of plagioclase and
pyroxene phenocrysts in a fine gralned groundmass of plagio-
clase and amphibole(?).

In thin section it 1s the same as JVD-6 but with a
higher percentage of plagioclase phenocrysts and a few patches

of quartz in what may be amygdules. Plagioclase 1s An60t5

211
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and possibly as high as An80 in the cores of the more strongly

zoned crystals.

JVD-56 The hand spec¢imen 1s very fine gralned with no pheno-
crysts present. This sample and the assoclated pyroclastics
are strongly metamorphosed and their original textures or com-
posltions are not obvious. The rock may be a meta-tuff or an
intrusive.

Mineralogy: Plagloclase, epldote, gquartz, hornblende, preh-
nite{?) in amygdules, magnetite, chlorite in amygdules
and blotite(?).

The rock 1s a metamorphosed and partially replacedl
fine grained pyroxene-free andesite intrusive, probably a
dike, The amygdulés suggest that the dike was intruded at
2 shallow depth, probably contemporansously with some of the
overlying tuffs and brecclas which contaln fragments very
similar in texture to that of this inirusive.

The metamorphlsm has resulted in the development of
amphibole, probably at the expense of chlorite but does not
seem to have destroyed much of the original texture or to
have developed any metamorphic fabric other than felted am-

phiboles.

T-96 The hand speclmen 1g a medium grey porphyritic basalt
which has been mildly metamorphosed. Phenocrysts (up to 2 mm)
of plagioeclase and hornblende after pyroxene(?) are abundant

throughout the sample.
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In thin section the sample consisbs of:

Plagioclase: as large phenocrysts and as minute corystals in

the groundmass; the phenhocrysts ternd to be euhedral
but have been broken and highly altered along frac-

tures and cleavage by biotlite, hornblende, sericite

and magnetite,

Amphibole: strongly plsochroic--colorless to green to blue
green; occurs 1n two habits: hornblende(?) as re-
rlacement of pyroxene(?), and as aclcular needles in
the groundmass. These aclilcular amphiboles may be
actinolite.

Biotite(?): small crystal aggregates along borders of plagio-
clase crystals and in relic amygdules(?); possibly

stilpnomelane.

Magnetite: small euhedral gralns.

Quartz: 1in reliec amygdules; possibly also in the groundmass
as minute grains.,

Sericite: alteration of plagioclase.

Epidote: patchy alteration of the groundmass.

The rock is a metamorphosed porphyritic basalt very
similar, except for the metamorphism, to those seen on 'Guana
Island. No foliation was developed during metamorphism, how-
ever decussate amphibole needles have been formed in the

groundmass.

T-131 The hand speclimsn 1ls a dark grey finely crystalline

amphibolite with relic phenocrysts of plagioclage and (?)pyroxens.



214

The rock hag the field relatlons of an intrusive, probably a
thick dike,

In thin section 1t consists of:

Plagioclase: An6515; subhedral to anhedral; meny grains have
been broken and partlally replaced by serleite and
acicular hornblende; some crystals are mildly zoned.

Hornblende: pleochroism-~colorless, green, blue green; some
possibly replacing pyroxene.

Biotite: probably a relic deuterle alteration of original
interstitial areas; assoclated wlth skeletal magne-
tite crystals.

Magnetite: as skeletal crystals assoclated with hornblende
and blotite masses.

Quartz(?): in small ovold areas; very finely crystalline;
possibly relic amygdules.

Limonite{?): minute red grains in weathered portion of

sample.
sericite: as an alteration of the plagioclase phenccrysts,

particularly along cleavage and fractures.

The sample 1s holocrystalline and apparently is a
metamerphosed dlsktase. No pyroxene ls present, however many
large hornblende crystals are present that could be replace-
ment of pyroxene. Acicular amphibole, found throughout the
slide, formed during metamorphism, predominately in the plagi-
oclase crystals. It has no preferred orientatlion. The rock

has a slight tendency to be porphyritic.
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JVD-20 1s a dike cutting the lithlec lapillil tuffs and con-
sists of pyroxens and plagloclase phenccrysts, the plagioclase
belng somewhat altered, in a fine grained chlorite and {(?)pla-
gloclase groundmass.

Augite: 2V = 49° t 1°; Ny = 1.694 ¥ 0,001 Cay Mgy Fe,,.
Plagloclase: phenocrysts of calclc bytownite, An85t55 largely

replaced by albite.
Magnetite
Prehnite: a replacement along with epidote and chlorite of
plagioclase phenoecrysts; alsc iIn patches in the
groundmass.
Calclte
Quartz{?)
Epidote
Chlorite
The sample consigis of fine grained interlocking pla-
gloclage laths lncluding phenccerysts of plagloclase, pyroxens
and magnetite. Calcite, prehnlte, qusrtz, alblte, chlorite
and epldote occur as an alteration of the plagiocclase in both
phenccrysts and groundmass. The groundmass between the laths
of plagioclase is predominately chloritic.
The rock is a porphyritic basalt dike. Coollng was
apparently moderately slow thus providing time for complete
crystallization as well as providing an opportunlity fo de-~

velop late stage alteration products such as the prehnite.

T-177 In hand specimen the rock 1lg a very finely crystalline
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light grey green andesite with rare plagloclase phenocrysts.
The sample has been mildly wmetamorphosed.

Plagioclase: small laths throughout rock; virtuslly no pheno-

cryste, those present altered to epldote.

Amphibole: 1dioblastlce, fine grained, and weakly pleochroic,
probably actinollte.

Ipidotes replaces plagloclase and fills veins.

Magnetite: subhedral,

The rock is a fine gralned pleotaxitic felsic intru-
sive. The amphibole developed during the metamecrphism, as
dld some of the epidote. Post-metamorphic fractures have
been fllled with epldote and plagloclage, The texture of
this sample in thin section is quite similar to that seen in

the felslite fragments in the vpper Tortola formation.
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