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“Life's rough you got to be tough...”

-Gilbert Hash-

Graffito from Hines Pond Cabin

Frontispiece: The north shore of Hines Pond in the Lewis Hills. The hill on the
skyline to the extreme right is the highest point on the Island of Newfoundland
(2673 ft.), ten miles to the west.

(photograph by J.K., July 1974)
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CHAPTER I - INTRODUCTION

A. PURPOSE
The Lewis Hills 1s the southernmost of a series of three klippen
that constitute the Bay of Islards Ophiolite Complex* of western New—

.

foundland, Canada. These masses are 15 to 25 kilometers across and
extend for more than 100 kilometers along-tgé western coast of the Island
" of Newfoundiand from Bluff Head to Bonnpe Bay (see figure 1). They are
composed chiefiy of altered mafic and ultramafic rocks andhlesser
amounts of high grade metamorphic rocks. These klippen are considered
to be the dissected remmants of a once continuous high level thrust

. sheet of oceanic crust and upper mantle (Dewey and Bird, 1971, Church
and Stevens, 1971). As such, they must have been formed at an accreting
plate margin of some type prior to their tectonic emplacement over an
autochthonous Cambro—Oré;vician carb§nate ptatform in the lower Mid-
~dle Ofdovician.

Regional geology shows that these kIippen lie upon, a seqﬁence of
allochthonous sedimentary,and volcanic dssemblages’ and allochthonous
masses of highly deformed metamdrshic rocks whose deformation i; pre~
Ordovician. The ‘zones -of deformation, along théfbasal ovegghrusté
separating these allochtho&ou;?masses,'are quite narrow su%gesting :hat
there was no internal penetrgEiVe deformaéion of the allochthon dpring
their transportation. ;These observations allow for the intriguingﬁ

possibility that oceanic crust and upper mantle mineralogy, fabrics,

' 4
igneous structures and metamorphic.relations are preserved, and can be -

- §

Ea

%"Ophiolite Complex" as used in this thesis refers to a distinctive as-
semblage of mafic and ultramafic rocks in.a.definite layered sequence_
including from gtructural base to top: ultramafics, gabbros, diabase
dyke complex, mafic extrusives and marine sediments (Dewey and Bird, 1971,
Church, 1971, Conference participants, 1972).
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studied in outcrop. Marine geology and geophysics (e.g., Le Pichon et

al., 1958), experimental work (e.g., Fox et al., 1973), and inferences
(e.g., Dewey and Bird, 1971) concerning the composition of oceanic crust
and processes at accreting plate boundaries have provided many hypotheses

N

to be tested.

Previous workers, prior to 1970, coqsidgred the Bay of Islands Com—.
pPlex to be a léfge stratiform intrusion such as- Skaergaard or the Bushveld.
Mapping has been done only on a regional scale and most areas have not
yet been desc;ibed.bgyopd the identification.of. the dominant rock type
present. Igneous structures and petrography have been described from
various parts of the complex (e.g., Williams and Malpas; 1972), but the
development of foliationms, lineétions, high strain zones and the detailed
distribution of rock types has yet to be studieé in detail.

The Lewis Hills is the best exposed of the Bay of, Islands masses
and, therefore, allows the detailed study of its interior. The gabbro-
ultramafic 'transition zone' ('critical zone' of Smith, 1958), which |
represents the oceanic Moho (Dewey and Bird, 1971; Moores, 1970; Church
and Stevens, 1971; Coleman, ;971); is particularly well exposed here,
espécially in the vicinity of Hines Pond. A relatively small area was
chosen here for a detailed study of the structure,petrography, and petro-
fabrics of the banded gabbroic and ultramafic rocks of this zone. This

thesis reports the results of this study.

B. PREVIOUS WORK
Field work in the Bay of Islands .,area has been concentrated near
bopulation cepters, roads and the shoreline where extengive coastal
exposures exist. Mapping has been dope only on a regional scale and

mapj inland areas are very poorly known at present due to their



inaccessibility. The Lewis Hills 1is such an area.

Only two previous workers have studied the Lewis Hills, The first

of these was J. R. Cooper, who completed his Ph.D. thesis-in 1936 on -

the geolog& of the southern half of the Bay-of Islands area. His work
included reconnaissance mapﬁlng, descriptions of igneous banding in
varioﬁs outcrop areas, petrvography and petrology. Cooper made several
impo?tant contributions to the understanding of the geology of the Bay
of Islands area. He suggested a crystal settiné model for the origin

of the igneous banding in the plutonic mafic and ultramafic rocks. He
was also the first to consider the three plutonic massifs to be dissected
remnants éf a once continuous body of lopolithic form. Most importantly,
he showed that these rocks in-thé Lewis Hills were in thrust fault
contact with the underlying sedimentary rocks, indicating that they had
been transported from their site of intrusion.

Cooper's mapping was quite general. He used pace and compass as
well as plane table traverses Qith the aid of British Admiralty Charts.
He also used a rough base map made from vertical air photographs at a
scale Qf 1:12,000. He assigned six major Aivisions to rocks of the Lewis
Hills area: 1) gabbro, ultramafic rocks and/or troctolite; 2) serpen-
tinized.dunite and peridétité; 3) banded intrusives; 4) gabbroic rocks;.
5) volcanic complex; and 6) amphibolite. He made further subdivisions
which wére‘referred to in the text of his thesis. Until the present
study, this was the most detailed work done in the Lewis Hills.

In 1958, C. H. Smi?h publiéhed a study of the same problems that
Cooper had worked on, but included observations on all three of théiBay
of Islands masses. His Geological Survey of Canada Memoir included a
map of the areas studied at a scale of 1;126,720. He concluded that the

igneous rocks of the complex were a huge sill in which the magma was




emplaced as a 'crystal mush' formed by gravitational segregation of -

early-formed crystals., Hg also proposed a hypothesis involving faulting, . 1
glaciation and erdsion to produce the present outcrop pattern of plutonic
rocks. .

The maps of Cooper and‘SmitH are the only ones showing geology in 1
the interior of the Lewis Hills. The southern edge of the mass appears
on a map of thé.S£ephenVille areatgy Riley (1962). .Williams and Malpas
{1972) have described some coastal exposures near Bluff Head (see figure 1).

The ophioliteé to the ;orth and the surrounding sediments have beén §
studied much more extensively, but stifl only on.a regional scale. These
studies (for example, Stevens, 1965, 1970; Williams, 1970, 1973;
Bruckner, 1966) have led to our.presént understgnding of the regional
geology (Rodgers and Neale, 1963; Kay, 1969; Bird and Dewey, 1970; Deﬁey

and Bird, 1971) and evolution of the western Newfoundland Appalachians

(see Chapter 2).

i i
At present the only other worker who is mapping in -the. interior 21
of the Lewis Hills is Dr. A. R. Berger of Memorial University of New- -

foundland. Dr. Berger is studyiné structural problems neat Carol Mount-
tain in the southern Lewis Hills (see figure 2). ‘ . ) f
The present study is part of a larger project involving the study
of gabbro-ultramafic transition zoneg throughout the Bay of ‘Islands
Ophioliée Complex with Dr. J. F.zDewey$of the State University of yew

"York at Albany.

C. FIELD WORK
Field work consisted of 12"weeks of detailed lithélogic and st):;uct”ixral_g

outcrop mapging; The total area covered was approximately 20 square ‘kilo-

meters (see figure 2 and enclosed maps). Air photographs enlarged to
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a scale of 1:15,000, were used as a base map. Sketch maps at a scale

of 1:3,200 were made for most of the areas where gabbroic rocks outcrop.
Mapping was carried out an mylar overlays fixed to each photograph.
A large amount of time in the.field was devoted to sketching outcrop
relations in the banded mafi; and ultramafic rocks. Oriented samples
were systematically collected across critical éones of layering for later
laboratory study.
Field work was carried out from a base camp at H;nes Pond. Supplies
were brought in by seaplane at approximately 10-day intervals. This
was necessary.due to the complete lack of roads of any kind within 10
kilometers of the study area. The nearest roads are logging roads
which wind for approximately 20 kilometers to paved roads near Corner
Brook. A hunters' shack was occupied for most of the field season.
This proved to hdve gréat advagtage 6vef a tent in the hostile climate
of the area. Blizzards, torrential rains and thick coastal fog along
with continual strong west winds keep the area very damp and hinder
field work. This high plateau may be entirely encloséd by dense, low
clouds even while the sﬁrrounding lowlands enjoy clear, warm'weather.
The Lewis Hills have very little vegetation, especially where

ultramafic rocks outcrop. Much of the area is a felsenmeer dotted

with small ponds and bogs. Steep sided hills and roches moutonnées afe
mainly .of more resistant gabbroic rocks. These provide the .best.out-
crops for structural studies. The rugged relief of the area can be seen

in the topographic index map (figure 2).

£




CHAPTER II -~ REGIONAL GEOLOGY

In 1966, J. T. Wilson pointed out that the sialic basemenf ages
of the Canadian Shield decreased from province to province away from
the Superior Province toward the east (Wilson, 1966). The youngest
shield:rocks to thé east are‘of Grenville age (1100 my) and are exposed
on the Island of Newfoundland in the Long Range and Indian Head Range
of the‘Western Platform (figure 3).

The Avalon Peninsula of :southeastern Newfoundland is also made
up primarily of Precambrian rocks. Between the Western and Avalon Plat-
forms lies the Central Mobile Belt of lower Paleozoic volcanig, plutonic
and metamorphic rocks. Thus, there is a basement age reversal across
Newfoundland.

Wilson (196?) suggested that an ocean basin'(subsequently dubbed
'Iapetus’ by Harland aﬂd Gayer, 1974) had opened and subsequently closed

between the two old blocks of crust. ‘Later, in the lower Jurassic, the

& Thy e

present day central Atlantic Ocean opened to the east of the,lower
Paleozdic suture zone. The Central Mobile Belt.must. be regarded as the
zone og deformation of two old conﬁingntal margins and the sjite, of
destruétion of an ocean basin (Dewey, 1969).

The Central Mobile Belt is made up.of two large defor@ed c}astic
wedges, marginal to the -platforms of the east and west, and masses of
metamoxéhic, plutohic and volcanic rocks. It is cut hy several major
tectonic discontinuifies marked by large fault zones, melange cégpleges
and masses of ultramafic rocks (see figure 3). The complexity of this
zone reflects the complex nature of the continental margins which col-

lided here. These probaSly involved island arcs, remnant arcs and

" marginal basins (Dewey and Bird, 1971, Church and Stevens, 1971).

Nt mpReA N
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The Western Platform is better known than other regions of -New-

foundland. West of the Cabot Fault (figure 3) an autochthonous carbonate
terrane is overlain by huge allochthonous masses of clastic sedimentary

"rocks which are in turn overlain by allochthonous masses of igneogs and
metamorphic rocks, including‘ophiolites.

Earliest workers in the Bay of Islandsvgrea explored and describe&

" mineral prospeéts such as dsbestos, chromite, and coppér (Jukes, 1842;
Willis, 1894; Brunton, 1922; Lippincott, 1931). In the period from 1930
to 1960 many workers, such as Snelgrove k1932), Cooper (1936), Budding-
ton and Hess (1937), Ingerson (1935), Troelson (1947) and Smith (1958)
worked on the ophiolites of the Bay of Islands. These workers considered
the plutonic rocks to be intrusi&e into, although now mainly faulted
against, the clastic sedimentary rocks.of the area. Several important
problems were recognized by these authors. They included: 1.) the

-temporal relations of the plutonic and sedimentary rocks; ‘2.) the origin
.of banding in the mafic and ultramafic plutonic rocks, and 3.) the origin
of the cryptic layering in these bodies. .

Meanwhile, workers in the sedimentary rocks had determined that the
ophiolites lay structurally above the clastic sediments (Schuchert and
Dunbar, 1934) and that these clastic sediments weré.aIlochthonoﬁs (John-~-
ston, 194I; Kay, 1945). The available evidence for the allochthonous
hypothe;is was synthesized and interpreted by Rodgers -and Neale (1963).
At this time the ophiolites were believed to have been intruded into
the clastic sediments befdre the westward transportation of that clastic '
terrane. '

Subsequent work showed that the ophiolites formed a discrete alloch—

thonous slice. They were then suggested to have been formed outside of
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the clastic terrane (Stevens, 1976). The thin basal contact metamorphic
aureole, which had suggested an intrusive origin for these rocks, was
found to be an integral part of the ophiolite allochthon (Williams, 1970).
This series of discoveries cleared the way for the interpretation of
the Bay of Islands Ophiolite Complex as a slice of old oceanic crust and
upper mantle (Moores, 1970; Stevens, 1970; Church and Stevens, 1970, 1971'
" Dewey and Bird, 1971) Ophiolites were first suggested to be remmnants
of ocean floor by de Roever (1955), Dietz (1963), adﬁ Gass (1967).
Continued mapping and other studies in the Bay of Islands area
has resulted in the following regional gé&logic setting of the Western
Platform (figu;e 4), ) ' -
The oiﬁest rocks in the area are the Precambrian gneiss complexes
of: exposed in t;e Indian Head and Long Ranges. These are -cut by mafig
dykes whiéh.trend northeast. Abové a Lower Cambrian unconformity, westerly
derived clastic sediments of the Bateaun Formation are also cut by these
dykes. These terminate in the Lighthouse Cove volccnics which are pro-
bably Lower Cambrian in age. Lower to Middle Cambrian dominantly claitic
sedlments with a westerly provenance overlie these. They include the
Kippens and March Point Formations of the Port au Port Peninsula.v These E
pass upward into conformably overlying carbonates of Upper Cdmbrian: to
Middle Ordcviéian age. These include the Petit Jardin), 'St. ‘George and
Table.ﬁead limestones. The last two of these are sépardted by a slight
udcgnformity. A time transgressive shale and flysch facies covers this
carbonate sequence, The deposition of these clastics marks a major
sedimentary polarity reversal as- these sKow cn easteriy provenancc.

This is the stratigraphically highest autochthonous unié? All structurally

higher sediments are allochthonous, until the Upper Ordoviéian. The
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allochthons have beenr transportéd frém tﬁe"eést of the carbonate autoch-
thon and are tinterpreted ‘as. the time synchronousdistal facies §f the
autochthon (Stevens, 1970). The allochthonous slices are enclosed -in
easterly derdived flysch of the Blow-me-down Brook formation (Stevens,
1970). These include ophiolité debris, implyding that thé ophiolites were
structurally. high enough by the Middle Oxrdoviciard to be a source.terrane
fof these clastics. Graptolites in melange units marking the fronts of
thrust slices indicate that these rocks were transported during the
Middle Ordoviciaﬁ. |

The structurally lowest allochthonous slice is the Cow Head -Allochthon.
This is composed the Middle Cambrian to Middle Ordovician Cow Head Brecéia
and .overlying graywackes. These rocks are mainly very coarse carbonate
breccias and shales. They are interpreted as a broximal off-shelf dep-
osits formed near and j@st beyond the edge of the carbonate platform
(Bird and Dewey, 1970)..

This mass is ovérlaiﬁ by a huge allochthonous mass of clastic sedi:“
ments whose clastic components were derived'mainly from the .wést. These
transported clastic rocks are known as the Humber Arm Supergroup (Stevens,
1970). These consist 6f a conformable sequence of flyschoid sediments
of Lowér Cambrian to Middle Ordovician ‘age. The lowest part of this
section includes mainly westerly derivéd clasfic sediments of the Sum;
merside and Irishtown Formatidns. These are mainly shale, siltsgoné; and -
greywacke. They pass upward into Cooks Brook and Middle Arm Point_éhéles,
¢éalcareous flysch and mimor fine grained carbonate breccias. These are
Middle Cambrian to Middle Ordovician in age and are overlain by Middle

Ordovician easterly. derived greywackes, shales and arkosic sandstones which-

. locally contain -a small amount of mafic .agglomerate. These constifute the



14

the Blow-me-=down Brook Formation. These rocks are overlain by a complex
series of allochthonous igneous and metamorphic rocks.
These structurally higher allochthons of the Bay of Islands area.

consist of several thrust &lices composed of four distinct lithologic-

assemblages. These are the Skinner Cove, Old Man Cove, Little Port and

Bay of Islands Slice assemblages from structurally lowest to highest
respectively.

The Skinner Cove rocks are largely unaltered mafic alkalic pillow
lavas and interbedded argillites containing Tremadocian fossils (Strong,
1973). These are the freshest volcanics in the Bay of Islands area.

Skinner Cove rocks locally overlie the 01d Man Cove slice. This
unit is composSed of 'polydeformed' greenschists and amphibolites cut
by mafic dykeé post-da£ing the penetrative deformation.

The Little Port assemblage structurally overlies the 0ld Man Cove
or lower slices. It is a comp}ex assemblage consisting mainly of highly
deformed gabbros with multiéle foliations intruded prior to deformation
by large bodies of variably foliated coarse grained leucocratic quartz
diorite. Minor amounts of ultramafic rocks are also known. All of
these are cut by post-kinematic mafic dykes often brecciated and locally
sheeted (Williams and Malpas, 1972). Mafic pillow lavas and agglomerate
have also been mapped as part of this slice and are consideréd to be '
related to the dyke rocks (Williams, 1973). Mattinson (1975) has pub~
lished a zircon radiometric age for a quartz diorite‘bddy in the Little
Port Slice at Trout River. This yielded a date of 508:5 my (about
Tremadocian) which 1is older than much of the clastic sedimentary alloch-
thons that it-overlies.

By extension of the thrust fault beneath the Bay of Islands Slice




the latter may be inferred to have ofigiﬁally overlain the Little Port

Slice, It does not now actually overlie this assemblage apywhére.

The Bay of Islands Slice has an unusually well exposed, complete ophiolite
'stratigraphy.' From the base to the top thig includes the following |
units (descriptions are baseh 'on Williams, 1973; Dewey, 1975 and the
present author's personal observations): A narrow (100- to 300 meters)

' contact metémorpﬁie aureole of garnetiferous amphibo;iyes and clino-
pyroxene. amphibolites nearest the base of the ophiolite grading downward
into dark green phyliites, The metamorphic grade, therefore, is highest
adjacent to the ophiolite and decreases rapidly downward away from it.
These rocks are locally altered by iptense calcium metasomatism. The
ultramafics adjacent to these megamorpbic rocks have a narrow zone, sev-
eral meters wide, of 'ultramafic mylonites' which grade into a zone of’
layered harzburgite and dunite tectonites. This zone is usually 3-to

4 kilometers thick, but up to 7 kilometers thick in Table Mountain.

(", e

Lherzolites an& rarely ariegites occur at the bgse of this sequence
‘gnd are apparently associated with the basal metamorphic aureole and
high_strain zone. This passes upward ipnto a 1 kilometer thick_ inter-
banded ultramafic and gabbroic zone. This is known-as the 'tyansition
zone.' Rocks of these zones are rich in clinopyroxene and- have domin-
antly tectonite fabrics but cumglafe textures are also reported.

These grade upward into a. 3 to 4 kilometer thick mass of gabbros which
show la&ering, probably of cumulate origin, near the base and variable
alteration and very low greenschist facies metamorphism. Minor bodies
of hornblende gabbro and quartz diorite are found in the upper part of
the gabbro unit. A feﬁ diabase  dykes are also present here. They

. increase upward to form a layer of 1007 ('sheeted') dykes. These have



variable alteration and low greenschist facies metamoéphism and are
sometimes brecclated. Some of these extend into the overlying altered
mafic pillow lavas. These form a layer approximately 1 kilometer
thick and are overlain by a thinner layer of volcanogenic clastic
sediments, T

The age of formation of the Bay of Islénds Ophiolite Complex is
uncertain, but the age of tectonic emplacement is fairly well known.
Llanvirnian to Caradocian graptolites have been found- in the shaley
matrix of melange upitg at the front of the ophiolite slice. Also,
recent 4oAr/39’A1; xelease spectra work on amphiboles in the basal con-

. tact aureole qf thq,obhiolite gives a date of 460+5 my for their ob-~
duction; ‘(Da)lmeyer, 1975). The restricted narrow zone of deformation
at the basal thrust contact shows that the rest of the ophiolite com-
plex was not penetratiéely deformed during their obduction and trans-
portation.

The allochthonous sedimentary rocks are unconf;rmably overlain by
neocautochthonous upper Middle Ordoviqian nodular liméstones and green
shales of the Long Point Formation (Bird and Dewey, 1970). Red and
green shales and sandstones of the Clam Bank Formation of Lower Devonian
age are homoclinally tilted reflecting the gentle déformation of Fhe
Acadian event in western Newfoundland.

In‘summary thé Bay of Islands Ophiolite Complex is a dissected
allochthonous mass of plutonic and extrusive rocks with metamorphic and
deformation features predating its Arenigian obduction. This was the
first slice of the western Newfoundland allochthon to move. The alloch-
thon grew.with each slice overriding the one beneath it'until the whole

assemblage was transported over the autochthon. Each slice in the lower

o
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allochthon has traveled further, relative éo the autochthon, than the
slice below it{ so that the al;eady assembled allochthon was emplaced as

a single mass (Stevens, 1970; Dewey, 1975). Thus, the ophiolite complexes
traveled ghé farthest with ‘respect to the allochthon, but need only have

.

moved its own width relative to the slice underlying it. There is a

"definite stacking order of slices in the allochthon and there are no

known reversals of -this arder (Williams, 1973). Neither the obduction
nor the later Acadian event produced internal penetrative deformation

of therphiolitencomplex. This means that igneous) metamorphic, and
structural relétions~in the ophiolite complex must reflect the conditions
at their point of formation. The current working hypothesis for this

point of formation is an accreting plate margin.

17



CHAPTER III - THE LEWIS HILLS COMPARED TO THE

NORTHERN AREAS OF THE BAY OF ISLANDS OPHIOLITE COMPLEX

The Bay of Islands Ophiolite Complex consists of three flat topped
massifs located along the western coast of Newfoundland (figures 1 and
2). These rugged windswept ;lateaux are apparently the dissected rem- -
nants of a once continuous allochthonous mass. They have an average
elevation of approximately 2,000 feet and stand high above the surrounding
coastal lowlands which are mainly underlain by clastic allochthonous
sediments of the Humber Arm Supergroup (Williams, 1973).

Wide outcrop areas make the Bay of Islands Complex one of the
world's best‘exposed, complete ophiolite suites. It includes the layeréd
sequence mentioned above and overlies weakly deformed, virtually unmeta-
morphosed sediments across a narrow overthrust fault zone.

The complete ophiélite 'stratigraphy' is developed only in the
Blow-me-down Mountain and North Arm Mountain areas. The Table Mountain
area to the north has no dykes or higher units and the Lewis Hills seem
to lack the main gabbro and all higher units. The layered sequence
faces westward and is illustrated in figure 6.

Besides lacking most of the upper units of theé ophiolite stratigraphy,
the Lewis Hills differs significantly in other respects fron the maséifs
to the north. |

The Lewis Hilis has large exsures of metamorphic rocks that are
not found elsewhere. in the Bay of Islands Ophiolite Complex. In the
western areas and to the south of Hines Pond, ampﬁiboliteé and metagabbros
have been mapped by both previous workers. Those south of Hines Pond
have been considered to be part of the basal contact metamorphic aureole

exposed by low dips in this area. Those of the west, incihding the Mount



Barren Gneisses, are of unknown origin and only briefly described at

present.,

The trend of the narrow 'transition' zone between thezultramafic
and gabbroic rocks of the massifs north of the Lewis Hills is quite
regular and curves smoothly with an overall northeast, trend. In the
Lewis Hills, however, layered ultramafic and gabbroic rocks occur as
" apparent incluéions with irfegula? outlines within a very thick (5 kilo-
meter) layer of massive dunite. Attitudes of foliations including large
scale layering are aiso irregular here in contrast to the other massifs.
Large areas in the Lewis Hills have foliations with north-south o: north~
west trend. Williams and Malpas (1972) 'noted dykes with northwest trends
in coastal exposures near Bluff ﬁead. They suggest that the Lewis Hi;lé
have ;een rotated 90° with respect to ghe rest of the Bay of Islands
Ophiolite Complex.

The present study focuses on the gabbro-ultramafic transition zones
exposed near Hines Pond in the eastern Lewis Hills. The area mapped af56
‘includes a portion of the anomalously wide metaéorphic aureole to the

south (figure 5).

The Lewis Hills has an average elevation of approximately 2,000 feet

and up to 800 feet of relief. The terrane rises to the west to an elevation

of 2,673 feet, the highest point on the Island of Newfoundland. Barren
areasrpf ultramafic rocks surround dark steep~sided:hills d&f- gabbroic
rocks. This £ugged plateau has a steep marginal escarpment cuf by steep-
sided stream valleys. Thé surrounding areas are covered by a dense pine
forest with numerous lakes, swamps,dand meandering stré;ms.

The Hines Pond area is situated on the edge of the marginal escarp-

. ment, It is very well exposed except for the areas of metamorphic rocks,

H
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where low shrubs and stunted pine trees make travel on foot very diffi-
cult. The gross lithologies.are easily mapped but details dftigneous
banding are difficult to follow in the discontinuous outcrops. These
are separated by gravel and displaced boulders formed by spheroidal

weathering and frost action ‘along joints. There seems to be very 1lit-

tle transport of the mechanically broken-down material. Thus, the

' outcrops seem to be disintegrating in situ.




CHAPTER 1V

PETROGRAPHY
A. INTRODUCTION

A wide variety of rock types and fabrics exist in the Hine's Pond
area. They include the following groups to be discussed separately be-
low:

1. High to low grade metabasites and metasomatites of the basal
contact metamorphic aureole. .

2. Strongly recrystallized gneissic amphibolites of the Hine's
Pond Metagabbros.
| 3. Intensely deformed, recrystalliéed, and serpentinized ultra-
mafic metamorphic tectonites*,

4. Moderately to intensely deforﬁed and recrystalli;ed gabbro to
ultrémafic rocks of the layered megalenses with some relict igneous
texture.

5. lLocal, zones of anbmaious high strain.

The petrography of these rocks is summarized in the form of tables

that accompany the following discussion of textures and fabrics observed

_ in thin section.

B. ROCKS OF THE BASAL CONTACT AUREOLE
Calcium-metasomatites of this zone are gneissic rocks with up to
100% veins of medium to coarse grained calc-silicate minerals including

zoisite, clinozoisite, epidote, and prehnite. These have equigranular

*Tectonites are any rocks whose fabric reflects the history of its de-
formation and clearly displays coofdinated geometric features that
indicate continuous solid flow during deformation (Turner and Welss,

1963).



to bladed, acicular textures with sueure& grain boundaries (Table I ).

Gneissic Pyroxene Amphibolites are cdmposed of coarse aggfegates
of intensgly altered plagioclase, well recrystallized green hornblende
and bright green diopsidic augite. These are cut by veins of variable
number and width. Pyroxenes‘have blastoophitic textures. They enclose
tiny plagloclase laths. Both pyroxenes and amphiboles in these rocks
have strong dimensional preferred orientations.

Garnet amphibolites show conSpicuous'new layéripg defined by thin
layers of opaques, green hofnblende and péikiloblastic garnets. These
cut an earlier layering defined by sodic—plagioclasegand olive-brown
hornblende-rich layers with ragged grain boundaries. Thé new ilayering
seems to be localized in zones of.high strain. Amphiboles of ‘both lay-
erings have strong dimensional and probably lattice preferred orientations$.

Finer graine& ampnibofite grades into dark green phyllites. These
are composed of fine grained aggregates of sodic-plagioclase, fine grained
pale green hornblende and chlorite. Hornblendes in these rocks have -
straight grain boundaries.

All of the basal metamophic auneole rocks have weak micrgscopic
compositional layering (S) and coplanar dimensional preferred orientation (S4)
of amphiboles. Plagioclase in all of these rocks is altered to fine-
grained semi-opaque light brown to grey material. Cald-silicate meta-
somatie‘veina decrease rapidly with metamorphic grade.

These rocks reflect a complex history of deformation andgrecrystal—‘
lization, including the develop?ent of secondafy‘1a¥erings. These may
be widespread but unrecognized due to unclear earlier layering.

The?older 1ayering observed represents a higher grade metamorphic

- event in the history of the rocks. Preliminary petrofabric studies of

these rocks indicate similar relations (SmytH and Williams, 1973),

-
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C. ULTRAMAFIC METAMORPHIC TECTONITES

These rocks are coarse grained aggregates of forsteritic olivine,
enstatite and lesser clinopyroxene and chropmite. They have been strongly
deformed and show the effects of recovery aﬁd primary recrystallization.
They are strongly serpentini;ea but due to the distinctive styles of
sexrpentine psugdomorphs of olivine (mesh serpentfﬁe) and orthopyroxene
‘ (bastite) compositions can be estimated and fabrics can be observed.
Clinopyroxene and chromite are not strongly altered (Table.II)(Fig. 7).

Olivine grains are often coarse and poikiloblastic, enclosing
euhedral chromites. Otherwise they are in the form of granuloblastic
aggregates with strong dimensional preferred orientatiom. Large grains
are strongly kinkeq and are preferentially recrystallized élong kink-
band boundaries and grain boundaries.

Orthopyroxenes may be greatly défo%med. They are typicazly kinked
_and polygonized to give strong diménsioﬁal preferred orientatipon. Large
xenomorphic grains enclose small grains of chromite. Orthopryoxene is
not as strongly récrystallized as the olivines in tﬁe same rock.

~Clinopyroxenes are‘rarely zohéd and usually greatly deformed. They
show preferential primary recrystallization in zones of high lattice
strain and are .coplanar with the olivine and orthopyroxene grain shape
fbliatiqn. Large xenomorphic chromites have cuspate forms and rarely

enclose tiny serpentine psuedomorphs. Small chromites seem to concen-

trate along zones of high strain.

D. MEGALENS ROCKS
Megalenses of layered gabbro and ultramafic rocks near Hine's Pond
in the Leﬁis ﬁills include a wide variety of rock types. These are mainly
olivine-rich gabbro, clinopyroxene-rich ultramafics and monomineralic

rocks (Fig. 8). Most of these rocks are metamorphic tectonites reflecting
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Fig. 7 Ultramafic Rocks of the Lewis Hills
(after Smith, ]958)

1. Dunite:

2. Harzburgite - .
3. Othopyroxenite ( Enstatolite or Hypersthenite)
4. Websterite . .

54 -Clinopyroxenite

6. Wehrlite

7. Peridotite
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Interbanded Rocks of the Lewis Hills
(after Smith, 1958)

Dunite

Feldspathic Dunite
Feldspathic Wehrlite
Troctolite ’
Anorthositic Troctolite
Anorthosite
Anorthositic Gabbro
Gabbro

Clinopyroxenite
Feldspathic Clinopyroxenite
Olivine Clinopyroxenite
Wehrlite ¢
Olivine Gabbro
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a complex history deformation recovery and recrystallization. Igneous

textures are not widely preserved in the megalenses due to theée processes.
Though silicates .have apparently been widely recrystallized, chromitite
is only slightly granulated. These rocks show cumulate textures in thin |
section (Fig.9 ). This incihdes size grade layering. Post—cumulue phases
in these rocks are highly serpehtinized. Other rocks in the megalenses
are composed of nearly monomineralic aggregates whose shapes also suggest
cumulate textures. This is best displayed in rocks with a single cumulus
phase. Anorthositic‘troctotites have plagioclase psuedomorphs forming a
frameWwork for very irregular, cuspate agg%egages of grangoblastic olivine
that might be recrysééllized post—-cumulus material. Coarse blastopoiki?itic
clinopyroxene that encloses rounded ol}vine and/or plagioclase are probably
also igneous textures (Fig. 11).
Rocks of the megaienses typically have bimodal or multimodal grain
size distributions. These reflect multiple generations of new grain
growth or in some cases cataclasis along grain boundaries. Foliated
aggregates of fine-gréined g;anoblastic mateérial is locally overgrown by
coarser granoblastic material. If mult;ple episodes of deformation anq‘
recrystallization such as this have occurred throughout the megalenses

' it is possible that the earliest penetrative fabric seen there is a secondary

one.

Tghfurther cq&plicate the fabrics most of the rocks of the megalenses -
are'stfongly altered. -Plagioclase is rarely seen due to its widespread
replacement by brown to grey, fine, grained, sémi-opaque material. These
form good psuedomorphs making the plagioclase shdape and distribution possible
to determine. Oldivine andeorthopyroxene are variably serpentinifed and

. clinopyroxene is usually rimmed by-uralite. Deep brown hornblende alters

to chlorite and anhedral opaques (Table III).
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Figure 9: Chromitite cumulate with serpentinized post-cumulus phases (chromite
has skeletal magnetite).
(All photomicrographs are 57x; long dimension of photo is 2.2 mm.)

Figure 10: Coarse clinopyroxenite with straight, serrated grain boundaries and
slight undulose extinction.
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Figure 11: Large, kinked clinopyroxene with granoblastic grain boundary growth
encloses olivine in olivine gabbro from a layered megalens.

Figure 12: Large, poikilitic and interstitial brown hornblende encloses olivine and
chromite. Large, kinked grain near extinction is augite. Note: serpentine vein cuts
all grains.
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Coarse olivine grains are not common.- Where the& are observed they
are -strongly kinked and can be seen to be changed progressively to granu-
loblastic aggregates which mimie the shape of the coarser olivine grain
from which'theywerederived. These aggregates have strong dimensional
preferred orientation. )

‘flagioclase domains' subfabric is rareiy visible due to the alteraéion;
Where seen it is granuloblastic. Coarse grains commonly show brittle
fractures.

Clinopyroxenes have a wide range of sizes in siﬁgle rocks due to
multiple generétions of new grain growth existing at the same time.
Granoblastic aggregates replace coarse, kinked grains. Grain boundaries
and kink-bands are the first regiéns-to sho& signs of grain growth.
Clinopyroxeneé also show orthopyroxene exsolution lamellae parallel to
(100), rare twihs, and zoning.

Orthpyroxenes tend to show recovery but not recrystallization effects
to the extent of other siliéates. They commoqu haQe (100) clinopyroxene
exsolﬁtion lamellae. (

Thése minerals make up the rocks of the megalenses by combination
in different proportions (Fig. 8). The most common rock types are men-
tioned briefly below.

1. Wehrlites are the most common rocks of the megalenses. They.
have coarse strongly deformed pyroxenes and rather fresh olivine.

2. Troctolites and anorthositic rocks (leucogabbros) are strongly
altered but psuedomorphs suggest cumulate textures. The;é form intrusive
bodies within the megalenses. These may be cumulate layered sillé or
crystal mgsh intrqsions.

3. Olivine gabbros are .medium-grained and often anorthositic (Fig.1ll).

Locally red-brown hornblende (Kaersutite?)-bearing olivine gabbros form

g
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dikes intruding ultramafic tectonites. They are strongly uralitized and
have titanaugite and olivine subhedral phases enclosed by the interstitial
amphibole (Fig.12). These usually have strong shape orientation fabrics.

4. Normal gabbros are rare. They forﬁ small dikes and sills and
are relatively fresh. TheyihaVe strong dimensional preferred orientation
of inequant grains.

" 5. Hofnblende gabbros (melagabbros) have little if'any.shape

oriented fabric. They form bodies which intrude the layered ultramafic
" rocks. Hornblende is deep red-brown in these rocks also.; It forms partial
rims on clinopyroxenes. Some of these may have cumulate textures.

6. Coarse-grained feldspathic wehrlitesto plagioclase lherzolites

form small late, dikes and sills. These are typically strongly altered

and recrystallized.

E. HIGH STRAIN FACIES
Locally megalens rocks aré’intensely dgformed. Clinopyroxene and

olivine augen and lensoid domains of variably recrystallized materials
are surrounded by very fine grained (recrystallized or granulated?)
material (Fig.13). Lensoid domains are of the following types: 1.
coarse, bent, kinked 1arée grains; 2. medium to fine grained material
with granoblastic to mosaic texture; 3. gréapiy elongated} polygonized
single pyroxene grains; and 4, fine grained (granulated or recrystal-
lized?shmate£ial. )

Material in these rocks tends to be alteration products of the normal

mineralogy.

F. HINES POND METAGABBROS
These rocks are well recrystallized gneissic amphibolites with

granoblastic textures. Aggregates of medium to coarse-grained altered
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Figure 13: High strain facies feldspathic wehrlite. Large clinopyroxene augen in
fine-grained granoblastic plagioclase + olivine + pyroxene aggregate. Augen are

strongly kinked and have new grain growth along grain boundaries and kink-band
boundaries.
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plagioclase, olive-green hornbiende,.cliﬁopyroxenes, other amphiboles,

and rarely olivine have strong dimensional preferred orientati§ns. Diffuse
lafering complanar with these aggregates are defined by alternating
plagioclase~-rich and hornblendite layers (Table Iv).

Clinopyroxenesin'these<;ocks are medium-grained with rims of bladed
tremolite. They are commonly blastopoikilitic, .enclosing small, -altered,
subhedral plagioclase and/or opaque grains. Amphiboles have very strong
dimensional and probable lattice preferred orientations. They have
straight grain boundaries. Locally, calcium-metasomatic veins cut through
énd brecciate the amphibolite. Coarse hornblendite dikes also cut the
layering.

High strain facies in the metagabbros include fine-grained dark
green amphibolite with microscopic tightly folded quartz-carbonate laminations.
At the contact with thé ultramafic rocks gneissic rocks .with  olivine
augen wrapped in mediumr-grained green amphibole blades. Rodingitized
gabbros from here have .elongate clinopyroxene, altered plagioclase,

hydrogarnet and calc-silicate material with sutured grain boumdaries.




CHAPTER V ~ STRﬁCTURAL GEOLOGY
A. INTRODUCTION

In the vicinity of Hine; Pond, there are four main groups of rocks
with distinct petrographic and structural charagteristics. These will be
discussed separately belowa. They include (Fig. 14): 1) a thick (3 to 4 km) N
sequence mainly of harzburgite, dunite and m;nor orEhopyroxenite tectonites
" with a complex.history of intense deformation; 2) a thick (4 km) section
of massive dunite, which encloses 3) several 1a§ge discontinuous megalenses,
up to 3 kilometers x .5 kilometers in size, consisting both of strongly
lineated, foliated, clinopyroxené-rich ultramafics and olivine-rich gab- ]
bros; and 4) a belt of stroégly deformed, foliated greenschist to amphi-
bolite grade métabasites and caicium_metasomatites from 100 meters to
1.5 kilometers widé (Table V).

These groups have fairly restricted distributions and highly cdmplex‘h

internai structures and relationships with one another. The first three i

units mentioned above form a grossly concordant layered sequence up to

#

10 kilometers thick. The metamorphic rocks are separated from them by Ty

high strain zones, All of the rock units have been deformed by open fold-
ing about steeply northwést plungfng axes to produce the broad 'Z' pattern
apparent in the generaiized maé of the area (see enclosed maps). They
have also been cut by roughly east-west normal faults, with small dis-
placemgﬁts.

These units are separated from underlying clastic sediment; by a
subhorizontal overthrust fault ané a volcaniclastic melange unit about 50 m
thick. These sediments have no penetrative cleavage and are essentfiallyl

¢
unmetamorphosed (propably mostly zeolite facies). Therefore, the structural,

igneous, and metamorphic events recorded in the Lewis Hills Ophiolite Com~

e
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Fig.14 Generalized Columnar Section for the

Hines Pond Area
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TABLE VI Layoring in Hafic Plutonie Rucks

Laycring and
References

Composition

3 'Schle of

Layceing

Layer
Roundactes

Forn of
Layering

Ceala Shape
Qrienation in
Layers

Origin

#Cunulage Layering

{e.g., Wagor and
Browvn, 1967)

[Variable, cyclie,
cryptic, monomin-
eralic possible

Single crystal Often grad-
to 2100 mcters ationsl

Cenerally planar
with rhythmic and/
or cyclic layers,

Scdimentary struct=

Coplanar shape/
lattice orient~
ed fabric

Veposition of cumulus
crystals on the floorx
of a magma chamder o
stld

T LKl

L3 — —y

#5111 Intrusion S$111: Fine-grain Sill: 1.5 wet- Sharp Intrusive with Shspe orienta~ Igneous intrusion
: ~ed gubbro with erg; Country finc~grained tion coplanar coplanar with
(Davies, 1971) opaques; Country Rocks:®SOcm margins, slightly with sill walls cuculate layeriag
- N Rocks: Coarse- discordant to (flow strucc~
' . grained gabbro tountry xock cum= ure?) .
. 2 to ‘pegmatite b ulate layering
PUillow Lake-type’ | Plagioclase or «S5cr €o 30ém Sharp Regular, planar ° Coplanar,per— Uvercooling of wagala
. hurnblende or with xenoliths of peudicular (har- in & chacber with
E (Tauberneck and . pyroxene-rich surrounding rock risitic) to tntermittant convec=
Poldervaarty 1970) | layers in norite types (norite to layers, .also tion cutrents
. to diorite (loc~- diocite) granular
. ally cuculate)
3 Sya-Flutontc Coarse grano- .few millimeters Mainly Locally regular, Shape orienta- Syn-plutomic liquid
; Layering diorite ond to 1 mecter sharp planar but die tion coplanar ' segregailion in &
d fine~grained out aldng strike with layers deforuing crystal
% (e.g.,Berger,1971) | troadjemite wvithin 3~4 meters push
Hetamorphic Dif- Variable vp to 1 or 2 Sharp Regular planar Shape and/or Diffuaton
ferentiation . {control by centimoters dattice orien- .
A host .rock) tations t
r (Turaer, 1939) Granitic in up to a few Sharp Irregular veins None? Diffusion 1nto
H quartzo-feld=~ centimeters dilatant zones,
B | (vidale, 1924) spathic rocks vide and ) . vith metasomatisa?
§ seters long R !
(Boves and Parks, |]Hornblende up ‘to 30 meters Sharp Regular, planar Coplanar with Hetamorphic Segrega=
1966) schists and to irregular with layering tion due to hetero=
Arphibolites svgen geaeous pressure
Partaal Melt Plagioclasc-rich & few centi-~ Diftuse Lenticulac,coplunar hone? Fractional fusivn of
Segregations lenses surrounded wmetegs thick, or en echelon with lhexzolite ‘segregated
. . by ‘depleted ultra-discoantinuous earlier layering, An dilacent zones
. (Boudier and "Imaffcs' within along strike Lensoid, or in -
Nicolas, 1972) lherzolite with an Sigmoidal forms
lqlder layerlnig .
Rotation of Dikes Polerite in amphi- up to 10 meters, Sharp Sranching, slightly Nom_‘l High shesr strain such
polite to granulite thick discordant. to folta- as to rotate dikes
§1 (kscher, et.al., gneiss tion of country 1nto approxirate par-
Tl1975) and (Ramsay rocks sllelisa with country
31 and Grahan, .1970) tock foltation
82
‘E fFFlattening-and~ Fine-grained gabbro up to a-few- Sharp Lansoid None? Flattening and elong~
gi Elongation of vithin layered meters long ation of xenoliths or
g genol;ths gabbro .and, .5 peters small fatrusive bodies
$ . thick *
- & (Davies, 1971)
® (Rassay and Crahang oY
1920) ' . . . :
& descrided in lsyered rocks of ophiolite complexeq N # :

ek T 2T R, e
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plex must have taken place prior éo its transportation onto the sedimentary
terrane and the subsequent transportation of both of these as a single mass.

In the following sections, structural relations within the Lewis_Hillé
massif in the vicinity of Hines Pond are discussed from structurallj lowes;

~

upward. .

Y

B. METAMGBPHIC AUREOLE AND BASAL CONTACT
; Immediatelxﬁabdve the, Lewis Hills Overthrhg; Fault there is a narrow

(100 meter) zoﬁ@'§f‘ﬁqmp}eily deformed, high grade metabasites (Fig. 15).

This zoné is commonly found throughout the Bay of Islands and other ophiolite
complexes (Dewey and Biré, 1971; Smyth ‘dnd®Williams, 1973). It is well
exposed in'stré%m sectioﬁslalong the escarpment between the ultramafic

rocks a;d ?nderlying fediments east 'of Hines Pond. At the foot of this

; . ‘

escarpment they often forn a low hog back.' .This feature may be buried

in ultfgmagic debris from the scarp above. The ultramafic rocks within

- 100 meters-of this contact arevéompletely serpentinized and have abundant

but nar;owgil‘mm) asbestiform serpentine veins that cut all other structural
elements. ‘Leucocratic, aphanitic rodingite dikes locally cut the layering

in the ultramafics, but are usually coplanar with it. These dikes are

" seen to be isoclinally fo}ded in many float blocks. Near the contact the

ultramafic rocks are strongly foliated mylonites* and also locally develop

phacoidal shear polyhedra structures.

>

¥

*The.term'mylonite'in this thesis means "a foliated rock, commonly 1inea£ed
and containing megacrysts, which occurs in narrow, planar zones of intense
- deformation. It is often finer grained than the surrounding rocks into

which it grades"  (Bell and Etheridge, 1973).
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These ultramafics overlie a layer of very hard, fesistant calcium-
metasomatite which is about 5 meters wide south of Hines Pond. It can
b; seénstg‘be made up of ﬁumerous veins from 2 to 1 c¢cm wide. The rock
weathers to a chalky white surface in outcrop and is gradational to under-
lying amphibolites. )

These amphibolites are coarse, banded; green and white rocks with
strong dimensional preferred ogientation.of gralins. Elbngate bright green
clinopyroxenes define a lineation coplanar with the layering which is on
the order of 1 cm thick. Hornblende-rich and plagioclase~-rich layers define
this layering. No folds were observed in this unit. Its total thickness
is- 50 meters.,

Grain size decreases down sect%on and the layering becomes more
diffuse. The rocks here are dark green, medium-grained, garnetiferous
amphibolites. Isoclinélly folded diffuse banding is cut by an axiak sur—'
face secondary layering rich in opaques and garnet. Strong planiir dimen-
sional orientation of grains 1in these rocks paralleis this new layering.
These rocks are only about 10 meters.thick and grade‘rapialy downward into
fine~grained dark green phyllites.

These phyllites are at least SO'meters thick and have sparse-isoclinal-
ly folded plagioclase-rich stringérs up to 2 mm thiék. Folds have axial
surfaces which are coplanar .with the steeply north-west dipping cleavage.
These gfe separateh from underlying Humber Arm Supergroup clastic sediments
by a volcaniclastic m€lange unit at least 10 meters thick and the Lewis
Hills Overthrust Fault: The mflange consists of angular blocks 6f red
(pillow?) lavas in a black argillite matrix. The basal metamorphic aureole
is cbnsidered to be part of the Bay of Islands Ophioiité Complex (Dewey
aﬁd Bird, 1971; Williams and Smyth, 1973, Williams, ‘1973). These meta-

basites may have been derived from impure dolomitic limestones or mafic
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igneous rocks..

Gabbroic rocks occur higher in the ophiolite complex, completely
éﬁcloéed iﬁ'ultramafic rocks. Plutonic rocks originally in a similar .«
situation could be deformed 'arid metamorphosed along this basal contécb
during its formation. They.hay, therefore, at dleast partly contribute
to tﬁe aureole lithologies.

These rocks might also be -dérived from rocks similar to those of the
underlying allochthon. Obduction of the ophiolite compléx over these
sediments may have deformed and metamorphosed them. THey could have then
been weldéd to the ultramafics and transported into their final position
along the Lewis Hills Overthrust where a melange devéloped.

All the late foliations and axidl surfaces.of folds observed ir the
basal aureole dip steeﬁly to .the 'northwest beneath the ultramafics of
the ophiolite complex.. Late foliations in these ultramafics are-.¢oplanar
with those of the metamorphics. where. observed. Detailed structural .analysis
in this zone might prove helpful 'in working out the history of these rocks.

Thin hightemperature metamorphic aureoles beneath allochthonous
ophiolite complexes are common features (Dewey, 1975, Williams and Smxtﬁ;
1973; and Pike, 1973). These aureoles suggested an intrusive origin for
mafic-ultramafic complexes to éafly.workens. Increased un@erstanding of
the structure of the base of well-preserved ophiolite complexes has led
to two,hypotheses:‘l) The basal aureole may represent part of a complexly..
deforméd structurally lower allochthonous slice, such as the Little Port
Slice (Dewey, 1975). 2) These rocks may represent a deformed contact meta-
morphic aureole welded onto the base of the ophiolite complex during ob-

duction. The source of heat suggested for this has been retained heat

¥ -~

LS

in the ophiolite complex or strain heating during transportation (Williams

and Smyth, 1973; Dewey, 1975).
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C. ULTRAMAFIC TECTONITES
Above the basal metamorphic aureole and deformed, serpenpinized ultra-
mafics in the base of the cqmplex is a thick section -of ultramafic tectonites.
The section, measured perpendicular to the steeply to moderately northwest.
dipping layering is about 3nkilometers. The rocks are harzburgites, dunites,

and minor orthopyroxenites. Harzburgite and dunite form layers with grad-

ational contagts from a few centimeters to a few tens of meters thick. The

average thickness is.about Q.5.meters, Orthopyroxenite forms layers up to
5 centimeters thick Q;;h sharp boundaries. This layexing is isoclinally
folded and shows widespread ductile boundinage.

In outcrQp dunites weather to a smooth, dark yellowish orange surface
with only a few euhedral black chromite crystals visible on the surface.
Orthopyroxenites weather to a deep brown and havé surfaces showing coarse

enstatite crystal faces. Harzburgites have very rough surfaces with cop-

_per red to green weathering coarse enstatite grains and aggregates standing

LI
i

out in positive relief with respect to the matrix which is essentially

dunite. These grains have a strong dimensional preferred orientation co-

planar with the layering, except at fold hinges where it cuts the latter
as an axial plane foliation. These.grains are also elongated parallel to
fold axes where mesoscopic folds b@Qe been observed.

Near the top of the section, dunite becomes the dominant rock tybe.
The layering becomes more regular and thinner except for occasional lenses

of dunite. Dunite in the banded areas pinches and swells. -

D. MASSIVE DUNITE
The Lewls Hills con;ainshugeareas of massive dunite. Northwest of
Hines Pond an area of at least 20 square kilometers consisting of 98%

dunite is present, Other large areas of dunite are separated by megalenses

b
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of highly deformed layered gabbros and clinopyroxene-rich ultramafic

rocks.

In outcrop dunites weather to a smooth dark .yellowish-orange color:
Euhedral, black chromite grains up to 1 mm stand out.’in positive relief
on this surface. No indiviéhél grains, penetrative lineations or'foliations
can be observed in' these rdcks in hand speéimen. They. are apparently ;o
- homdgeneoué that they are best termed 'massive.' Microscopically they
are very strongly serpentinized.hna no olivine fabric can be determined.

The most common inhomogeneities in.these rocks are chromite seams.
These are .cdnsidered to .mark the .median line of dunite dikes (Smith,
1958) but no dunite dikes were found in these rocks. These seams have ap-
parently random distributions .and orientations. They often cut one another
without offset. "

Pale green websterite to clinopyréxenite dikes cut the dunites and
_have branching forms. They are often isoclinally folded about axes co-
planar with the layering in the megalenses with whiéh they are always
Vassociated. These dikes occur in a zone about 60 meﬁers wide just below,

that is, east or south of the megalenses.

Serpentine veins apparently £ill joint sets throughout the area.

These often curve and have irregular shapes. They are dark green in out-

crop and consist of asbestiform serpentine minerals that grow perpendicular

to their walls.
‘ Some serpentine veins are faults o%fsetting other veins. These have
light blue-green porcellaneous surfaces with slickensides. The blue-green
mineral is probably the serpentine deweylite. |

The massive dunite is apparently disinteér;ting in‘place. Spheroidal,

onionskin weathering and frost action along joints has left the area strewn

with boulders to gravels of dunite and -serpentinized dunite. Good outcrops




within the massive dunites are mainly roches mountonnées.

The contact between the massive dunites and the undérlying ultramafic
tectonites is a gradational one. Dunite layers in the latter become chickér
and more n;merous upward until there is virtually nothing but dunité pres;
ent. ‘

bunite completely encloses highly deformed layered megalenses of
gabbros and clinopyroxené-rich ultramafic rocks. Contacts above and below
these bodies are gradational and interlaye;ed. ‘Along the ends gabbro
or wehrlite grades léterally through zones of interfingered and mottled

dunite and feléspathié dunite or wehrlite.

In the areas between the megalenses and ultramafic tectonites a variety

of rock types occur. They aré associated with the megalenses and discussed

in the next section.

E. LAYERED GABBRO-ULTRAMAFIC MEGALENSES

Within the massive dunites of the Lewis Hills are isolated megalenses
of complexly interlayered, moderately to highly deformed clinopyroxene-
rich ultramafic and gabbroic rocks (Fig.14). The regional foliation in
these bodiesdescribesa large, open 'Z' form (see enclosed maps). The
strucfurally lowest parts of these bodies are'conformablé with the contact
of the dunite and ultramafic tectonites north of Hines Pond.

These bodies are completely enclosed by massive, homogeneous dunite
and-thé contacts between the two are gradational in all cases observed.
Dunite grades throdgh plagioclase or pyroxene-bearing rocks into plagioclase
and/or clinopyroxene-rich rocks. |

In the dunites below the mégalenses intrusive features are common.

In a zone 50 to 70 meters thick subparallel leucocratic sills cut any

orthopyroxenite layers present at low angles. These increase in number
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and thickness toward the base of,xhe. megalenses. The first sills to appear
are less than 1 cm thick and are spaced about one meter apart. They are
apﬁanitic and wéather light red to pink. Near the megalens these may
become up to 3 to 4 cm thick and be typically spaced a few centimeters
apart. These thicker sills hpve a few small greenish pyroxenes visible
in hand specimen. These thin sills have irregular forms. They commonly
branch and intersect at low angles. Théy are tightly folded in a few
places, with axial-surfaces approximately coplanar to their plane of in-
trusion which is rouéhly concordant to the contacts between the major units.

Dunite is laminated with thin pyroxenite layers spaced at intervals
of 1-3 centimeters from the base of the megalenses and appears to be rhy-
thmically layered. Just below these rocks, irregular orthopyroxenite dikes
occur. These are very coarse-grained and weathef to copper red or pale
green. Shiny‘pyroxege.crystal faces are visible on the weathered suyrface.
These cut diffuse chromite or pyroxene layers in the dunite and are some-
times isoclinally folded into parallelism with ?he base of the megalen;;m
They commonly show ductile bondinage structures.” They have dimensions
usually less than 1x0.5 meters. North Qf Hines Pond, however, there iqra
huge (500 x 10 to 15 meters) concordant, lensoid body of this rock type.
This may be a single mass or several smaller ones comhined.by tight fold-
ing. The coarse grain size in these rocks makes small fqlds nearly im-
possiblé,to see. interlayered thin (less than 1 cm) dunite suggests that
folds are present.

The ends of the megalenses.also have gradational contacts with the
dunite. Wehrlites or troctolites grade laterally into pyroxene-bearing
dunite or feldspathic dﬁﬁite. These rocks commonly have a mottled appear-

. ance with irregular pyroxene or plagioclase-rich patches (1 to 4 cm across)

surrounded by dunite. These rocks are interfingered with the troctolites .
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and wehrlites near the megalenses and grade into massive dunite away from
them.

The upper contacts are the sharpesq,. Here wehrlites grade rapidly
into dunite within 50 to 100 meters. Welirlite layers become progressively
thinner and more widely-spaé;d away-from ;he megalenses. Individual
layers may becqme discontinuous and diffuse 1atgrally.

" The meéalenses, studied in the,vicinity of Hines Pond, have dimensions
of up to 3 x 0.75 km and are usually less than half this size. They are
apparently not extensive at depth as they are discontinuous along strike
between high angle faults that are nearly perpendicular to their trend.

Each of the bodies studied is somewhat different from the others.
Vertical andflatergl variations together with variable distribution and

proportions of rock tipés make them internally complex. Apparently,

intense deformation is at least partly responsible for this complexity.

_The overall deformation of the area is recorded by the observed structures

is as follows.

In all cases é lithologic layering (s1) (Appendix) is present on a
scale of a few centimetérs to a few tens of meters. A strong dimensional
preferred orientation of coarse. grains and aggregates defines a coplanar
lineation (Lg) and lesser foliation (S3). These fe;tures are cut and
rotated by ductile offsets forming high strain zones. (Sg). A very stfong
clinopyroxene lineation (Lg) deyeiops in highlyrst%ainéd rocks which occur
only locally.

Layering (Sj) is locally openly folded about shallow NE'plunging axes.
These” develop no axial surface foliation, dnd no o@vious%penetrative de~

3

formation of the mass occurred. This-was probably ‘associated with the.

late, open 'Z' folding of the area. N

The following sections describe the megalenses -studied separately. The




final section of this clapter discusses the history of these masses,

AREA 1

Abogt.ZOO meters Qfst of the base of the ﬁassive dunite zone, north
gf Hines Pond, a complexly interlgyered zone exists (Fig.16). Layered
clinopyroxene-rich ultramafic; and gabbros strike north northeast and are
. completely surrounded by dunite. Contacts above and below are gradational
and interlayered. Laterally, there are interfingering relations and a
gradation through a zone of dunite ﬁottled with irregular éatches of plagio-
clase and/or clinopyroxenerbearing material.

The 100 meters of dunite below the layered rocks has maﬁy subparallel
aphanitic, leucocratic (probably rodingitized gabbro) sills within it.
These increase upward toward the layered rocks and are sometimes isoclinally
folded. Chromite concentrations up to a few millimeters thick occur |
throughout this zone in the ultramafic rock. They have the form of diffuse
layers up to 10 cm thick or. isolated, isoclinally foldéd, schliéren.

The lowest layered rocks are coarse~-grained, dark green pyroxenites
interlayered with lesser thin dunites. Pyroxene layers average about 4 cm
while dunites.are only a few millimeters thick. A few thin (5 mm) stringers
of plagioclase-rich material are coplanar with these ultramafic layers.
These récks form a zone approximately 25 meters thick. Intertonguing
relations suggest that the pyroxenite and dunite are isoclinally folded.

Pyroxehite layers commonly show ductile bondinage. Some plagioclase-rich

stringers show concentric folds.

Above this sequence, gabbros and troctolites up to 30 cm thick are
interlayered with dunite. The gabbros have sharp boundaries and increase
in width to the south. Gabbros are usually bounded above and below by

. thin (less than 5 cm) layers consisting of dunite and gabbro to anorthosite.
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This zone 1s overlain by alternating wehrlite and gabbro layers.
Wehrlite layers are up to 20 cm thick while the gabbros are less than 4 m
thick. These gébbros also have interlayered zones above and below. They
have a plaéioclase—rich to plagioclase-poor layering on the scale of 1 cm
or less, which usually contains alternating light anddarklaminée. Both
of these foliations are coplanar with the layering (S1). Lateraliy, thicker
gabbros may become very coarse and pinch-out or terminate abruptly in
interfingered zones of thin (5-10 cm) gabbroic and plagioclase-bearing
ultramafic layers. Thesé are usually feldspathic wehrlites that have

abundant coplanar, discontinuous, thin (2-6 cm) layers and lenses of

leucogabbro. Plagioclase-bearing ultramafic rocks grade laterally into
wehrlite and, eventually, dunite;'

Above this zone masses of dunite-with irregular pyroxenite dikes
occur for a thicknessof about 15 m. Some of these are isoclinally folded
with axial surfaces concordant with the layering of the area (S3). Rhythm-
ically-layered (1 to 20 cm ﬁhiék) dunite and cligopyroxenite forms the
next 30 meters of section. These grade upward through 3 to 5 meters of
wehrlité into dunite. Within the-lafered éyroxenites there ;Q,; layer
of feldspathic wehrlite with .an unusual texture. Thin gabbros (3 cm)
within this layer are found as isolated tight fold closures or as lenses.
Other thin (2-3 cm) gabbros are dikes cutting the layering (S3) and usually
the fabfic (Sq) of the feldspathic wehrlite. These are truncated above
and below by discontinuous layers of gabbro with coplanar Sj.

Lens-shaped patches of dunite 2 to 5 cm long occur in groups. This
érades laterally -into a similar rock with lenses (3 to 10 cm long) of
foliated wehrlite, dunite, or pyroxenite separated by thin (dikes and sills?)
of anorthésite. | |

~ Extreme lateral varlations are foupd within this entire layered sequence
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go that no single vertical section gives a true representation of the

distribution of rock types. A sketch map of the area (Fig.l16) illustrates

»

the complex relationships. Sj and Sy are always coplanar in this area.
They dip steeply westward, except in the case of the near vertical horn-
blende melagabbro dike which.chté the layered sequence (Fig.l17). This
strikes north-northwest and has a strong lamination and dimensional pre-
ferred orientation coplanar with the walls of ‘the dike. This dike is

cut obliquely Ey a later wehrlite dike (2 cm thick), which also has a weak
foliation coplanar with its walls. A second inghtly discordant body of

orthopyroxenite-pegmatite cuts mottled wehrlite in the north end of the

area. This body has no apparent tectonite fabric. o .

AREA I

This is about 50 x 200 meters in area (Fig.18). Ultramafic to
gabbroic rocks here«are nearly isoiated by surrounding massive dunite.
They are part of & ‘larger mass to the west, which will be discussed in "
the next section.

In the southern part of this area, dunite has diffuse chromite layers
up to 6 cm thick. Near the layered rocks a few meters. to the north
schlieren of chromitite are found up to 1 cm thick coplanar with the
dunite-chromite layering.

Thé lowest layered rocks in the megalens are dunite and wehrlite up
to 2 m'thick. These are cut by irregular, branching, masses or veins of
pegmatitic orthopyroxénite. These masses are up to 2 meters long and
some are isoclinally folded with.axial surfaces. coplanar with the layering
(S1) but tectonite fabrics are not épparent in th;se rocks.

Above this area irregular patches of foliated (Sq) wehrlite to felds-

pathic wehrlite between a few centimeters and a few millimetexrs across are
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enclosed by dunite., This produces a.motéled—looking rock., The amount

of dunite varies throughout this zone. Some dunites form conformable
continuous layeré; other .are dikes that cut S3 and each other. Since they
show no apparent fabric their relation to Sq is unknown (Fig. 19).

A layer of coarse feldshathic wehrlite pinches out in this zone.
Enclosed within this.mass are some very irregular blebs of anorthositic
troctolite from 1 to 30 ¢m across (Fig.20). These have thin (1 cm)
internal layering.concordant with that of the wehrlite (qu and its
fabric (Sq). Haloes consisting of dunite to wehrlite surround these.
The blebs enclose patches of wehrlite which are cut by S4g.

Higher in the sectian similar relations are found where thin (2 cml
anorthosite is interlayered with dunitg (a2 few millimeters thick) im
isoclinally folded masses or isolated, tight, fold closures. Axial sur-
faces parallel Sj and,.rarely, layers cut S4.

The northern end of the mass is made up of a large irregular body
consisting of coarse troctolite to olivine gabb?o. There are plagioclégé—
rich tongues near the margins .that are coplanar with S3. The strong fabric

(8q) of these rocks is at high angles to the irregular contact between ,

the troctolite and dunite.
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AREA III
Between Hines: Pond 'and Petley's ané to the north, there exists a
huge oﬁtcrop area of layered gabbroic and ultramafiq rocks. This area
has dimensions of 3 x.b.S km and is Eﬁe largest of the megalenses studied.
The extreme northern end grades througﬁ mottled feldspathic dunite
and wehriite t; massive, homogenéous dunite near Petley's Pond. ;To the
south, the megalens is folded. The foliations (Sy and S4) dip steeply

westward on the eastern side of the body and gradually flatten




to moderate dips westward.
The mass is‘dissected by east-west to northwest trending normal faults

with mainly south side down displacements. Displacements are small

as they do not greatly offset the layered.sequence. Some faults have

had large endugh disglacgmeﬁhs to cause the complete removal of the layered

rocks. The southwesgern end .of the mass 1s §funcatgd by a similar fadlt.

_ Gabbroic rocks; wifh a similar trend, outcrop across an intervening valley

with no apparent offset. These faults are much more’widely spaced to

the north but causé great confusion ia tracing layering to the south, where

they are more numerous. a
There is a great variety of rock types within this mass most of which.

are included gpder the rock typeé: coarse grained wehrlite; feldspathic

wehrlite, olivine éabbro, troctolit?, anorthosite, dunite, and clinopyro-

xenite. The layered .séquence is very complex. Rhythmic layering is present

k]
locally and has gradational contacts. Both compositional and size grading

occur. No large scalquéagtitioni‘ér cyclic units within the layered
.sequence were found. Layers range fpom a few cm to 'several tens of
meters thick. They gré&e”lateraliy;into rocks of different plagioclase
or pyroxene contents, Individual layers are lensoid in shape so that
Sq is observed to cut Sj at very lowy angles at the ends of lemses. In
most places, however, Sj and"Ld are coplanar with Sj.

Thé mass can be ﬂivi&ed-intg affew zones (Fig.21) that run the length
of the body. These dre discussed 'separately below as they occur from east
to west. These zones are thinner ardd better exposed to the-nort?.
Faulting, ducfile offsets .(shear belts?), and increased thickness and
complexity of the sequence to the south obscure the ovefall pattern seen

fa

to the north. Thus, the section described below was compiled in the
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" Fig.21 Generalized Columnar Section Through a Megalens lorth of Hine's Pond
(Explanation is the game as in Fig.l4 )



northern part of the megalens.

The lowest zone in the sequence consists almost completely of. olivine
and clinopyroxene-rich rocks with very few plagioclase-bearing rocks.
This zone is approximately 90 m thick. Very coarse wehrlites and ddnite
are the most common rocks. At the base of the megalens wehrlites overlie
massi&e dunite with a sharp contact. They show vertical and lateral size
and compostional ‘grading of coarse clinopyroxenes and olivine. Lensoid
bodies of dunite with shgrp vertical and gradational lateral contacts
occur up- to 23 x é m in size. Wehrlite layers containing small (3-6 cm)
irregular patcﬁes of dunite are also common.

At the base of this zone small (2 x 10 cm) schlieren of chromitite

§
are found enclosed by dunite.  The contact between chromitite and  dunite

£

1s always shafp. The éhromititeé are usually isoclinally folded and
occupy the cores of dunfté lenses suggesting that thése are fold hinges
in which chromitite layers havg been thickened. Plagioclase and pyroxene
concentrations are also comﬁon in similar situations, but are not usually
obviously folded (Figs.22&23). Folds are possibly not apparent because of
the gradational contacts, coarse grdin size, and lack of platy minerals
in these rocks. Pyroxene angﬁzhromite tend to be concentrated along
high strain zones within dunite.

Within this zo;e a few thin (5 mm to 10 cm) layers of 1eucogabbr6
are found. These are the cores of 1ayers of feldspathic wehrlite that
are about 30 to 40 cm thick. ‘Thé gabbros have sharp contacts and usually -
have thin (5 mm to 2 cm) inte;layered gabbro and dunite zones above and
below a thicker central gabbro layer. The thin dunite layers pinch and

swell in the interlayered zones, locally allowing thin gabbros to lie

against one anéther.

In the northern part of the outcrop area individual gabbro layers
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Figure 22: Closed isoclinal folds with highly attenuated limbs in dunite (buff),
coarse wehrlite (grey), and chromitite (black). Note: chromitite segregations in
hinge regions.

Figure 23: Closed isoclinal fold with attenuated limb in feldspathic dunite (buff),
anorthosite (white), and coarse feldspathic wehrlite to plagioclase lherzolite (grey).
Coarse grains and aggregates are strongly lineated.
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more than 200 meters. Soutpward the-gabﬁrds and enclosing feldspathic
wehrlites double in thickness. To the north these rocks gradg.into dunites.
o Above égég; rocks lies a zomne m;inly of feldspathic wehrlites, felds-
pathic dunite and coarse—grained troctolites. These form apparently |
continuous or lensoid 1ayers~usualiy from 1 to 5 meters thick. To éhe
south‘they grade into more plagioclase-rich rocks. Anorthositic troctolite
and ;northositic olivine gabbro dikes from 1 to 8 ecm thick cut the layering
(S1) and are not usually deformed by Sq. They havé sharp boundaries and
are usually zones of disélacement. They commonly are coplanar with or (Fig. 31)
intrude ductile "faults" (high strain zones) (Sg) where they~occur. The
dikes usually have a dimensional preferred orientation of inequant grains
parallel to their walls. These dikeg are néarly vertical and have nearly
straight or slightly curving northwest to east-wést trends.
Rarely dunite to wehrlite dikes occur (Fig.25). These are restricted
to single layers and are penetratively deformed by Sq of the layered sequence.
All dikes seem to be réotiess. They are usually truncated by Sj o

often at both ends. Some dikes, however, cut the gross layered sequence

(Fig.28. Some plagioclase-rich dikes originate where two lenses of the

- same plagioclase—rich‘materiai interséct (Fig.24). They are often truncated

by discontinuous layers or lenses of gabbro coplandr with Sj and Sg. These

gabbro lenses' sométimes can be séen to be isolated tight fold closures.
?

Single_éoarse g?éins and aggregates in feldspatﬁic wéhrlit;ﬁto wehrlite
have shapes suggesting folded forms. Unquestiéﬁa%ié tiéh; folds aré_
uncommon but may be Seeh occasionally -in thin layers that have sharp con-
tacts with surrounding rocks. Axial surfaces of these are coplanar with
Sq4. Fold axed a;e,coliﬁear with Lé in all cases observed (Figs. 26 & 27).
These gabbroic 1ayers; lenses, and dikes having sharp boundaries are

-

probably magmatic intrusive features. Dikes are sometimes cut by S54q. They
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Figure 26: Tight isoclinal similar folds (S-shape) in layered dunite (buff) and
chromitite (black) located at structural base of a megalens.

Figure 27: Tightly folded, thin layered anorthositic troctolite (white) and dunite
(buff). Note: strong lineation of coarse grains and aggregates of plagioclase is
colinear with fold axis.
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cut S5; and some are not folded or rotated into parallelism with S; and S4.

These record the complex deformation of the area to be discussed in the

final section of this chapter.
The next zone to the west is dominatéd'by leucogabbros. These are

usually relatively thick (2 Eo 5 meters) layers slightly discordant to

the layered ultramafic rocks that surround them. They have sharp contacts
" and are proBabiy.sillé intruding the layered ultramafics. Anorthositic

troctolites and olivine gabbros have diffuse‘intgrnal layering and good

dimensional preferfed orientation of at least mafié grains coplanar

with their walls. éome of these rocks seem to lack this (S4) fabric.

v

These have the same lateral relations as the gabbros lowér in'the

Ed

sequence. They are always separ;ted_from layered ultramafic rock; by
dunite, clinopyroxene-bearing dunite .with thin, ;;ygred a;orghosi;e»to .
gabbro within at least 1 meter of either contact. Masses of coarse
_Pyroxenite sometimes overlie gabbros near the top of this zone.

i; -
Some ultramafic rocks of this ,zone have very unusual textures. They

are essentially dunites or wehrlites with abundant clots of clinopyroxene

and plagioclase-rich material 2 to 3 cm across (Fig.29). These are elongate

parallel to Ly and are apparently distributed tandomly throughout the rock.

The  next zone consists of irregularly interlayered coarse clinopyroxenite .

and lesser dunite. This sequence is of variable thickdess, but ranges

up to agout 40 meters thick. Individual layers of pyroxenite are from 1

to 20 cm thick. Dunite layers are usually somewhat thinner. Pyroxenites

pinch and swell and, near the base of thg zone, are open to close concen;

trically:foldegi.abaut rather variably oriented axial planes striking gen-

erally northwest, Irregular masses of pyroxenite at the base of this zone -
: discoréantly oveflielthe thick gabb%os of the zone below. Within a dunite

layér in this zone an open concentrically folded band of single, coarse




Figure 28: Layered dunite (buff) and coarse feldspathic wehrlite (grey) with
discontinuous layers and lenses of anorthositic troctolite (white) cut by anorthositic
troctolite dike along a sharp offset.

Figure 29: Strongly lineated, folded blebs of plagioclase and clinopyroxene-rich
material show size grading in dunite to more homogeneous feldspathic wehrlite.
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(1-2 cm) clinopyroxene trystals was found.

The rocks of this zone are apparently relatively undeformed. They
have no apparen£ tectonite fabric and are more irregularly layered than
ropks of the zones below. They may have been remobilized and slightly
deformed during the intrusion of the gabbro sills below.

fhe last zone to the west consists mainly Jf, regularly-layered dunite,
anoréhosite, and minor feldspathic dunite. Layering is about 5 to 20 cm
thick. Sharp contadts between dunite and anorthosite make. mesoscopic folds
easier to see where they are present. Tight to isoclinal folds here have
gxial—surfaces'coplanar with S; and Sq. Axes are colinear with Lq.
Anorthosite layers are reoriented and attenﬁated along ductile offset zones
at moderate angles to Sj. Surroﬁﬁding ultrémafics respond in a more
brittle manner. Gabbro may be removeé from these Zones completely leaving
ultramafics from eithermsidewqf‘the gabbro in contact across a high
strain zone (Fig.30).

These rocks grade rapi&ly.upward into interlayered wehrlite and
dunite. Wehrlite layers.Pr lenses become diffuse and thinner to the west
. and disappear within 50 to--100 meters oﬁ.tﬁe last plagioclase-beaging rocks. -

In this zone irregular, possibly folded, forms of dunite in wehrlite
are occasionally found suggesting strong deformation and the possible
development of secondary ultramafic layerings rich in clinopyroxene (Fig.19).

Much of the- structural history of this area can be determined from

a single outcrop sketch (Fig. 3). The following sequence of evénts could .

lead to the formation of this outcrop area:
Formation of lithologic layering (Si)
Intrusion of ultramafic dike with coplanar ‘displacement
Development of preferred diminsional orientation of grains

and aggregates (?) (Sq)
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ﬁ. Intrusion of a gabbro sill with a fabric devéloped coplanar
with its walls. (This might also be a dike originally oriented
at high angles to Sj that has been rotated by strong deformation.)
5. Development of a ductile "fault" along which gabbro behaved
in a much more ductllé manner than the ultramafic rocks gbove
and below it. | |
6.. Intrusion of a dike of the same. composition as the gabbro sill ¢

along the high strain zone. This has a fabric coplanar with

its walls. (Sg).

AREA IV
In thié area, compilex intrgsive relationg, localized dgformations and-
faulting complicate the outcrogdistfibutionof layered ultramafics and
intrusive hornblende gabbros. Dunites surround the area exceét for a
zone of layered ultramafic rocks which extends from the northeast’ corner
of the area eastward, toward the southwest corner of Area III (Figs. 32&37).
Southeast of the area, light green websterite and pink_ orthopyroxenite

pegmatite masses are ispélinaliyafqlded with shallowly northwest-dipping

axial planes. They are also affected by ductile bondinage. They increase
: .

"

in number toward the base of the iaygred rocks.
The lowest layeréd rocks include laminated dunite (3 to 6 cm thick)
and minor pyroxenite (a few millimeters to 1 ¢m thick) with the pyroxenite
(affected by ductile bondinage) and 4rregular, lensoid segregations of
chromitite up to 5 cm,thick. *
These are conformably overlain by a 10 meter thick Tayer of hornblende
melagabbro. This has sharp contacts and strong internal foliations coplanar

with its walls. These foliations are defined by plagioclase-rich and horn-

blende + pyroxene-rich layers from 1 to 10 cm thick. These layers have




-
:

o

e

'a._b..;-—-

s

Fig.3a Sketch Map of Area 4

Leyered Pyroxenite/Dunite
Hornblende Melagabbro
Dunite with Pyroxenite Dykes
Laminated Dunite/Pyroxenite
Layered Wehrlite and Dunite

High Strain Facies

Layering Attitudes

—* Lineations.

Faults

72



73

laminations of approximately the same compositions as the thicker layering.
There 1s also a strong dimensional preferred orientation of imequant grains.
All of the§e foliations are coplanar.

Above this lies a 30 to‘40 meter thick zone of fairly uniformly
layered clinopyroxenite and ddnite.‘ Dunite layers usually vary from a
few millimeters to a few centiméters thick. Pyroxenites average about 3 cm
thick ;nd stand .out in positive relief. Very coarse anorthositic gabbros
are found intermittently through this zone. They are no tﬁicker than 0.5 m.

Pyroxenites in this zone pinch and swell gently. They also have
sigmoidai'forms within wehrlite layers which occur near the top of the
. sequence. .

The next zone above the ﬁyroxenite—rich zone is at leést 100 meters
thick, This includes layered wehrlite and dunite. The former show
strong tectonite fabrics.

Layers of laminated fgldspathic pyroxenite, hornblende gabbro and
anorthositic gabbro up to 3 meters thick are slightly discordant to the
layered ultramafics (Fig.32). They are probably rotated dikes. Laterally,‘
especially on the NW si&e of the ;;ea the gabbros apd ultramafics are N
interfingered. Follations are strongest near the margins of these gahbros:
and thin (1 cm) pyrokenite and anorthosite layers are isoclinally folded
along the maréin; of these masses- These.folds have axial-surfaces .

approximately coplanar with the walls of the gabbro layer.

Lenses of clinopyroxene-rich material are éurrounded by-thin (1 to 4 cm)

iayers of anorthosite that are low angle dikes (Fig.33).

Xenoliths of anorthosite with a strong and folded tectonite fabric
are enveloped by gabbro. Folds here are variable from tight to more
open forms which resemble slump features (Fig.34). |

Ductile "faults" with displacements of a few meters indicate that
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gabbros responded in a more ductile manner than ultramafic rocks. Gabbros
are greatly attenuated and develop a fabric coplanar with the high strain
zones (Sg). Later brittle boudinage has affected the gabbros and ultra-

mafics both. This may be due to high strain rates during the time of ‘the

~

ductile deformation.

On the southeast side of the area a southeast dipping normal fault
haé exposed a highly strained facies of the layered dunite and wehrlite.

These are discussed in a later section.

AREA V

Southeast of Hines Pond, a small (200 x 30 meters) mass of inter-
layered rocks outcrop. They have layered ultramafics and intr;;ive gabbros
much like those of Area IV. These rocks are only 200 meters from the top
of the basal contact metamorphic aureole. They are surrounded mainly by
harzburgite tectonites rather than massive dunite like the other megalenses.
Masses of metagabbro (up to 30 meters long) occur nearby and have sharp,
vertical faulted contacts with the ultramafics. Dunites containing pyroxene-
rich laminations occur just below, within and above the megafens.

The lowest rocks of the layered sequence are interlayered, isoclinﬁlly
folded dunite and chromitites up to 5 cm thick. This zone is about 3 meters
thick. Axial surfaces dip northwest and are conformable with the layered
sequence above. Chromitites die out rapidly upward.

Tﬁe next 18 meters of thé ’'section are thin layered dunite and pyroxenite
with thin (1 to 3 cm) sills of pink, aphanitic matewial (rodingitizgd
gabbro?) increasing in thickness. and number upward through the :section.
These end abruptly beneath a layer of gabbro about 5 metérs thick.

This gabbro is strongly laminated coplanar with its walls with alter-

nating light and dark layers. Large (up to 1.5 cm long) hornblende augen
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also have dimensional preferred orieﬁtatioﬂ coplanar with these foliations.

Above the gabbro lies a lensoid mass of dunite with pyroxéne—rich
laﬁinations which 1s gbout 4 meters thick. The lamination is truncated by
the layere& wehrlite/gabbro units above and below. It cuts through the |
lens in a sigmoidal form. The contacts above and below this mass may be
faulté (or high strain zones?). Laminations are parallel to these contacts
near the margins of the body.

Above this mass the;e 1s a layered sequence of &g&;lite, feldspathic
wehrlite and gabbro about 20 meters thick. Gabbros here have sharp contacts
against ultramafic rocks and are up to 2.5 meters thick. They are offset
by ductile "faults! of variable displacement and width. The greatest dis-
placement observed is about 2'metérs, Latefally, gabbros pinch and swell
slightly. Théy terminate with interfingering reiations in deformed
harzburgites that have isoclinally folded leucocratic sills. At the ends
of gabbro lenses, gabbros are pegmatitic. Within the wehrlites in the
middle of this zone, folds fesembling slump structures occur. Individ;;i
layers are folded about different axial su?faces that have no coplanar foli-
ation. .The forms of the folds vary from similar to concentric. Gabbro
layers above and below are coplanar with each other and show no folding.

These may be sills, whose intrusion.is perhaps connected with this local

deformation.

AREA VI
South of Hines Péﬁd small layers up to 3 meters thick of gabbroic
rocks exist. These haveuthe form of low anglemd%kes cutting an earlier
harzburgite, dunite and minor orgbgpyroxenite ldyering (Fig.33).
1 cm and thinner leucocratic, aphanitic Eradiqgitised gabbro?) dikes

appear in the ultramafics just south of Hines Pond. They increase in width,
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grain size and density to the middle of qhé area where only a few 2-3

meter dykes are present. These are kaersutite-bearing olivine gabbro.
They have a strsng dimensicnal preferred orientation of inequant grains.
This foliafions +s coplanar with the walls of the dikes. Dikes decrease
in density, width and grain ;ize to the south away from the thickest
gabbrés.

The gabbro:is usually slightly discordant to the earlier deformed
layering in the ultramafics. Orthopyroxenite.layers have sharp boundaries
and show .isoclinal folded layering (81). An axial-surface dimensional
preferred orientation of inequant grains (Sg) is seen in harzburgites having
coarse enstatites. This folijation (84) cuts the early ultramafic lay-—
ering (S1) at fold hinges. ‘ -

The dikes are usually coplanar with Sy and the axial—sugfaces of
folds in S53. These surfaces dip steeply to theAnorthwest. Fold axes
plunge moderately to the west. Some dikes and apophyses are isoclinally
folded with their fahric coﬁlanar to axial surfaces. A few dikes cut across
the earlier subparallel dikes. These have fabrics coplanar with their
walls. All foljations are cut by .very thin (less than 1 mml, near yertical‘
serpentine veins.

A few masses of strongly deformed metagabbros are found in this area.
They have discordant contacts adjoining which high strain zones are
developéd in strengly serpentinized, olive-grey weathering ultramafic rocks.

These may be klippen on, or windows in the ultramafics.

AREA VII
Northwest of Hines Pond, megalenses of layered rocks lie near the
contact between the Hines.Pond Metagabbros and ultramafic rocks. This

contact is a high strain zone; rocks within 50 to 100 meters of this zone




are, in additién, more deformed than similar rocks elsewhere in the area.

Layered gabbroic and clinopyroxene~rich' uttrfamafic rocks which have been
described "above have & well develdpéd new layeting (Sz) cutting them.

Small ductile offsets in areas I to V*éevelop Ss locally. 1In the
southern part-of area IIIL aﬁafotﬁer areas between areaQIII and Hines Pond
high strain facies are found. Hére Sy is the dominant faliatioén. It is
. cut only by late stéep serpénting veins.

S1 and Sy are ‘reorientéd within 1 cm or 1léss from Places where Sg
cuts them. ‘Ductile-"F3ilts" cut’ throtugh one another very complexly. The
high strain zones are narrow, but displacements across them may be large.
Most offsets—observed were on thé ordér of a few centimeters.

The lineation in the less-deformed rocks of the megalenses (Lgq) is
obliterated and a fiew lineation appears. The hew lineation (Lg) is definad
by very elongate clinopyroxenes in the form of rods. These hdve aspect

_ratios of approximately 5 to 1 or greater. They are porphyroclasts in a
ruch finer grained matrix. They are sometime$ seen to be sliced and the
fragmerits disﬁléced up to a 2 cm.

~In outcrop 'these rocks are pinkvwith a very rough surface of resistant

coarse pyroxends. They have a phacoidal texture formed by lenses of less
deformed material separated by narrow, intersecting very high strain zones
cbntainingnwlonites.The phacoids are usually about 5 ts 7 cn acfoss;

A £ Ed s

Dunite in these areas shows no effects of this intense deformation on

o« *

its smooth outcrop surface.
AREAS WITH HIGHLY STRAINED FACIES
Areas which display evidehce of intense deformation post-dating that

recognized in the previously described areas are located near the Hines‘ Pond

Metagabbros. The contact between the metagabbros and adjacent ultramafics
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is a high strain zone. Strong deformation affects the metagabbros within
a few tens of meters of the contact. Megalenses within 300 meters of the
present qutcrop position of this contact are affected. Ultramaficsrocks
in this zone are strongly serpentinized. (Fig. 37).

The layering in the meg;lenses (S1) can be seen to be progressively
destroyed by multfple crosscutting high strain zones (Sg). Gabbro and
clinopyroxene-rich ultramafic layers respond in a more ductile manner than
adjacent dunite layers. Strong fabrics develop in these high strain zones.
Fine grained material wraps around large strongly lineated (Lz) augen of
pyroxene,

The rocks have, phacoidal stfuctures with less deformed lensoid bodies
of material surrounded by narrow high strain zones. Coarse pyroxenes and
a few greatly deformed plagioclasé grains ‘are the only recognizable
miner;ls. Individual éoarse grains can be seen to the bent into Sg at
high strain zones. Some pyroxenes can be seen t; the sliced and displaced
at least 1 em. Wehrlite dikes cut one another and the early layering (Si)
and gabbro layers (Fig.36). Sometimes these have median chromitite

concentrations up -to one centimeter thick. Some dikeg show the effects

of brittle deformation.

F. HINES PGND*METAGABBROS

The Hines Pond Metagabhros are here so named for their widespread

¥

occurfénce in_ the vicinity of Hines Pond. They form a topographically

high area of the Lewis Hills but are not clearly related to the rocks of

4

the ophiolite complex. It is proposed here that they form a sepaxate

thrust sheet overlying the ultramafic tectonmites and dunites of the

L

Lewis Hills., The alternative, that they represent the core of a recumbent

antiform exposing part of the:basal contact metamorphic aureole, is rejected |
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Figure 37: Helicopter view to the southeast from above the megalens at Area 4.
Steeply dipping contact between dunite and the Hines Pond Metagabbros outcrops
along the prominent ridge in the background. High strain facies outcrop between
the megalens and the contact.
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because they do not resemble the gocks of the aureole. The layering
in this 1 km thick mass of rocks is due to alternating plagioclase-rich
and horablende-rich layers from 1 cm to 1 meter thick. Hornblende-rich
layers are often i{rregular and commonly béﬁdinaged in a ductile manner.
Overall, the layering is rather discontinuous and lenticular. Gradational
contacts between light and dark layers makes this difficult to see. There
is also a stroﬁg dimensional preferred orientation of grains which define
a foliation and lineation coplanar Qith the 1ayering; No folds were
observed within ‘this rock mass except at the margins. Here narrow (1 cm)
high strain zones fold the foliation. In these narrow zones,layers and -
single grains are highly attenuated and, locally, finely laminated, fine-
grained mylonites form.

The layering is cut by coarse-grained, dark green hornblendite dikes
and sills up to 20 centimeters wide (Fig38 ). These ugually seem to
be baudinaged in a ductile manner. .They apparently have a weak tectonite
fabric. There are also a few thin (3-8 cm) leucocratic cross-cutting veins
of recrystallized;Caic—silica}e material, probably Ca-meétasomatised
gabbro to anorthosite. These eunclose.-angular xenoliths of fine grained
hornﬁlende—rich country rock up to.5 centimeters across.

The boundaries of 'this mass .of metagabbro are faults marked by dis-
cordant contacts and high strair zones which seem to be best developeé
in the_édjacqnt rocks of the ophiolite complex proper: At the western
edge of the metagaﬁﬁros the contact is vertTcal to steéply east dipping
against serpentinized dunites. The contact here is a high strain zone
with ultramafics in sharp contact with a thiﬁ layer ( 1 meter or less) of
rodingite, Laminated black and white mylonite grades into dark green,
fine—-grained amphibolites with isoclinally folded layering and incipient

development of a secondary layering. This secondary layering is an axial




Figure 38: Coarse mafic (hornblendite) dike cuts banding in Hines Pond
Metagabbros.
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contact.(Fig. 37). ) |

'gins of the metagabbro. The western margin is fairly straight but the

surface feature and is coplanar with a crude cleavage in the rock.

These grade ‘through approximately 2 meters into normal metagabbro. %
Near this contact lensoid tectonic inclusions of harzburgite are ;?
encloged -by metagalbhbro. These have ‘-highly deformed pyroxenes -in them
and are -strongly aerpentiniz;d. These range in size from about 10 cm
to } meter across. . p
Contacts élgewhere are narrower zqQmes, Ultramafics‘neér these con-
tacts with the metagabbro are highly serpentinized and weather olive-~
grey instead of da?k yellowish. orange as elsewhere. Where pyroxenes
are present they may be greatly elongated on surfaces coplanar with
the contact. These pitch at low angleg in this plane. Foliations in
the ultramafic rocks are-always éoplanan,with this ‘contact. Metagabbros

locally have thelr -foliations truncated by this contact. They have

narrow high strain zones oriented at high to moderate angles to- the®
The eontact itself is vertical along the western and northern mar-

northern one is irregular on all:scales. At one locality, neax its

northwest coruner, the metagabbra overlies dunite across a subhorizontal |

fault. Klippen (10 meters across)lie just west of here. Also, .south

of Hine's Pond ths feliation in the most southerly outcrop of ultra-
mafic rocks dips moderately south and they seem to uandex}lie the :meta-
gabbros found in the ridge to the south.

Within the metagabbros several small masses of ultramafic rocks

are exposed. These range in size from 1 to 100 meters across. They
all lie in topographically low areas beneath high, resistant ridges of
metagabbro. Contacts between.the two are nowhere exposed. The ultrar

mafic rocks in these areas are always very highly serpentinized. They
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are layered harzburgites and dunite with variable amounts of thin (up
to 4 cm) red weathering, aphanitic (rodingitized gabbroic) dikes.
Extension of mapped contactslbeneath the metagabbros shows that these
masses are probably parts of the layered sequence seen through fensters
in the metagabbros. These ﬁ;y also be "tectonit inclusions like the

"
smaller inclusions near the contact mentioned above. -Normal #faults or
frontal schuppen may also be responsible for their exposure: The meta-

=

gabbros, along with the megalenses within the massive dumite, have been
openly folded about a steeply northwest d;Pging axis. The metagabbros

must, therefore, have been structurally attached tp the ophidlite com-

L
- . - £
plex prior to its last phase of -déforpation’.; / \ ,
g - r . P i %

The metagabbros seem to-be a sepgrateﬁgdppeikﬁig.3§?:oxérlying
-, e e
part of the ophiolite complex rather than part'df“%ﬁ; basal éontact
exposed by folding (Fié.BQ@). This is supported by metagabbro overly-
‘

ing ultramafics in a few localities, ultramafics overlying metagabbro
only at apparently overtarmed contacts, ldcpiized high strai@ and meta-
somatic zohes at contacts, apparent klippen of metagabbros and fensters
exposing ultramafics, ané absence of mesoscopic isoclihal fo{as with
subhorizontal axial surfaces and north scuth axes. Anothet possibiiity
is that these metagabbros are metamorphosed equivalents of the mafic-
ultramafic megalenses (Fig.39, 3). Ultramafic material within the meta~
gabbros coulq be*x;noliths or lenses as are commonly observed in the
megaleﬁses described above.

This hypothesis is rejected for several reasons: 1) The contact
between the ultramafics and metagabbros, is a high strain zone. Gabbros
and ;lcramafics of the megalenses do not have this type of contact. 2)
The ultramafic rock types within the metagabbros are not found within

the megalenses. 3) Ultramafic rocks in the metagabbros are not lensoid
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'Fig.39 Structural Interpretations: of the Hine's Pond Metagabbros
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or layered. 4) Metagabbros do not grade into less deformed megalens

rocks in any area studied.

G. GABBRO~ULTRAMAFIC iAYERING AND FARRICS IN OPHIOLITE CéMPLEXES

Thé origin of the layering and tectonite féﬁrics in the rocks of
the megalenses near Hine's Pond is a complex problem. Dimensional
preferred orientation of coarse grains-and agg%egates of plagioclase
-and/or clinopyroxenes is coplanar with the foliation defined by large
.and small scale layering in nearly éll areas, Only at fold hinges and
where high strain zones cut this foliation is-this fabric oblique to
compositional layerinyg. Some dikes are not affected by this foliation.
The grains and aggrxegates may have either or hoth.a planar and lipear
preferred orientation. This fabric need 1ot hhuef;orméd synchrong;éié
with the 1ifhologic layering nor by related processes. Petrography
and elementary petrofabric observations indicate that these rocks have
been weakly to very strongly deformed in a ductile manner. Deformation
and recovery ﬁrocesses have probably, in most or all casegs, largely
obliterated any edrlier fabric that the rocks mgy'haVBWhaa, This greatly
hinders the investigation of the origin of the layering. All de;ErfBed
forms of layering in mafic plutonic rocks, especially thése of ophiolite
com;lex;;, dyé considered in following pages.{Table VI).

One type of layering to be considered is cumulate layering. These

layers are formed by the settling of crystais in 2 magma chamber or

' sill. These accumulate on the floor of the chamber and have compositional

and/or size variations of cumulus phases from layer to layer.
In outcrop, cumulate layering 1is commonly a regular rhythmic layering
often in cyclic units in which size and composition grading are common.

Experimental work by Bowen {(1915) suggests that grains that settle for
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TABLE VI layering in Mafic Plutonic Rocks

b |

Grain Shape .
Laye;rlng and Composition Scale of, Layer Form .of Ortenation in Origin
Refedences” Laydring Boundar{es Layering Layers

*Cunulate Layering

[Variable, cyclic, Single crystal

Often grad-

Generally planar

Coplanar shape/ Deposition of cumulus

Flaztening end Rotation

Elongation of
Xenoliths

(Davies, 1971)
{Rz2msay and CGrahan
1970)

within layered
gabtro
|

metera long
and .5 zeters
thick

cryptic, mondmin- to »100 owters atidnal with rhythmic and/ lattice orient- crystals on the floor
{(e.3., Wager and |eralic possible or cyclic layers, ed fabric of & magma chamber or
Brown, 1567) Scdimentary structe 8ill
ures '
#5111l Intrusion S5ill: Fine-grain Sill: 1.5 met- Sharp Jotrusive with Shape gribnta-, Igneois intrusion
~ed gabbro with ers; Country fine-grained tion ¢oplanar coplanar with
(Davies, 1971) gpaques; Country Rocka: 50cm margins, aslightly with sill walls cumulate layering
B Rocka: Coarse- ¢iscordant to (flow struct-
grained gabbro countty rock ‘Cumt urel)
g to pegmatite ulate layering
a z LY b3
e
'Willow Lake-type' | Plapioclase or 45cm to JOcm Sharp Regular, planar Coplanar,per- Jverconling of magra
hornblende or with xenoliths of peudicular (har- ta 2 choaber with
(Tauvberneck and pyroxene-rich ~surrounding rock risitic) %o jutarmittant convee~
Poldervaart, 1970) | layers tn norite types {norite to layers, also tion currents
to diorite (loc~ diorite) granula ’
ally cuoulate) r o ’
Syn-Plutonic Coarse grano- few millirveters Mainly Locally regular, Shape orienta-  Syn-plutvaic liquid
Layering diorite and to 1 meter sharp planar but die tion coplanar segregation in a
fine-grained . out along strike with layers deforuing czystal
(e.g.,Berger,1971) | trondjemite within 3~4 meters aush
Hetamorphic Dif- Variable up to 1 or 2 Sharp Regular planar Shape and/or Diffuaton
ferentiation {cvntrol by centimoters lattice orien- :
host rock) tations
P (Turoner, 1539) Granitic in up to a few Sharp Irregular veins Nonia? Diffuslon into
1 quartzo-fald- centimeters dilatant zones,
2| (vidale, 1974) spathic rocks wide and 3 with metasomatism?
o meters long
o
L%
{Bowds and Farks, |]Hornhlende up to 30 meters Sharp Reguler, planar COplana'r with Metamorphic Segrega-
1966) schists and to irregular with layering tion due to hetere-
Amphibolites augen . genevus, pressure
Partial Melt Plagioclase~rich a few centi- Diffuse Lenticular,coplenar Noae? Fractional fusiva of
Segregations lenses surrounded meters thick, or en echelon with llierzolite segregacted
. by 'depleted ultra-discoatinuous earlier” layering, in dilatent zones
{Boudier and cafics' within along strike Lensoid, or in
Nicolas, 1972) lherzolite wich an Sigmojdal furms
older layering
Rotation of Dikes [olerite in amphi~- uvp to 10 meters Sharp 3ranching, slightly «None? High sheax strain such
bollte to granulite thick discordant to folta- : as to rotate Jdikes
{Escher, et.sl., gnelss tion of country into approxiinate par-~
1975) and (Ramsay rocks alleligm with cowmtry
aad Graham, 1970) N rock foliaticon
fFlactening sad Tine-grained gabbro up to a few Sharp Lensoid None? Flattening and elong-

atton of xencliths oc
swall intrusive budies

* descrided In layered rocks of ophiolite cqmplexes
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longer periods of time grow ldrger. For two crystals deposited on the
floor of a magma chamber, the ofhe thdt nucleated further from ‘their
point of dgposit&on should be the larger of the two. This may not be
applicable to large magma chambers whére many variables might influence
érfsigl nucleéation and sedimentatiom.

Sedimentary structures produced by currents in the magma chamber
have been described in cumulates. These intclude cross bedding, shallow
scour and fill structures, irregular slump étructufeé and current
lineation of elongate grains (Jaékson et' al., i975). Preferred dimensional
orientation of_tabular graihs lying on’ the floor of a chamber result in
igneous lamination and planar fabrics. These types of features' are
good evidence for cumulate layering. ‘ B

In thin seétions from layered cumulate mafic igneous rocks, those
with sedimenta;y structures show cumulate textures. These consist of
settled cumulus phasés and interstitial post-cumulus phases¥*. The
former may be overgrown euhedral grains showing zoned, euhedral grain
upon grain sedimentary textures. Post—cuhulus phases are commouly very
large irregular oikocrysts. Textures albﬁé’may‘not be ﬁfoo? of cimulate
layering. They are often complicated by lack of zoning in crystdls,
massive overgrowth or resorbtion of cumulus phases, alteration causing
minor shape changes in grains (e.g., uralitization of clfndpyrokene)‘and
veins, and lack of preferred orientation due to rapid accumulation or

slumping. Cumulates with more than two cumulus phases are often ‘very

‘difficilt to identify (Davies, 1971).

Petrofabric studies of cumulates ‘show dimensional preférred orientation

*The terminology of Jackson (1961) is followed here, as it is clear and

free of jargon.




textures (e.g., Jackson, 1975). Shapes of grains reflect internal

symmetyy of cumulus phases so dimensional preferred orientation results
in én overall lattice preferred orientation (Brothers, 1964). Cumulate
layered bodies are also.sometimes characterized by progressive large-
scale phase compositional ch;nges that have‘been called cryptic layering
(Wager and Deer, 1939).

Cumulates have been extensively studied in stratiform mafic intru-
sions such as the Skaergaard (Wager and Reer, 1939),iBushveld (e.g2.,
Cameron, 1963), Stillwater, (Hess, 1960; Jagkson, 1961) or Muskox (e.g.,
Smith and Kapp, 1963) Complexes and smaller bodies sugh as the Palisades
Sill (Walker, 1970). Undeformed cumulgtes are. alsqg rgported from the
trangition zone into .the lower gabbro zone of many ophiolite complexes
(Thayer, 1969; Davies, 1971; Juteau, 1970; Moores and Vine, 1971; Bezzi
and Piccardo, 1970, 19%1; Parxot, 1969, 19753 Greenbaum, 1972; Alemann
and Peters, 1972; Gass and Smewling, 1973; England and Davies, 1973;
Patterson et .al., 1974; Brown and Bradshaw, 1974). Smith (1938) and
Cooper (1936) both report probgble cumulate textures and structures from
the Bay of Islands Ophiolite Complex. Primary layering of the 'Willow
Lake~type' (Tauberneck and fgldervaart, 1960; Loomis, 1963) develops
around xenoliths in orbicular structures and near the wall.of bodies of
norite and quartz Aiorite which elsewhere may also display cumulate
layering, Plagiociasq—rich layers from a few millimeters tq a few centi-
meters thick alternate with 1 meter thick layers of finely layered and/ox
homogeneous rock. Individual layers are relatively continuous and have
sharp contacts due to their contrasting mineralogy. Dimensional preferred
orientation fabrics observed in these are coplanar with layering (Leveson,
1963) or perpendicular to the layering (harrisitic). Granular textures

are also observed. The mechanism proposed for the formation of this lay-
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ering is oVercooling of mdgma with diffusi;n between thé ma%ma and
intetstitial liéuid of a crystal mush (Taubéneck and Poldervadrt, 1960)
possibly with ‘intermittent pressure variations (Loomis, 1963).

This type of layering has not been reported from ophiolite complexes.
bfbiéular structures, however, are observed in some Alpine Ultramafic
bodies. 'Willow Lake-type' layéring may have fotmed and since been altered
by defqrmation and/or recrystallization.

Another type of ldyering that should~be codsideted is that described
for synplutonic défdrmation of‘magmatiéaﬁodieéz*}'Régdlar banding' (a
few millimeteré to 1 meter thick) is férmed in the"Maih Dénegal Granite
by localized féldspathization of ‘trondhjemiticmateérial (Berger, 1971).
Planar and linear fabrics’coplanar with tHe layering -have developed-
penetratively.through these rocks. Deformation of a mafic crystal mush
might Fead to éimilar layering and fabrics.

Another type of ldyering would result from multiple, coplanar'intru-
sion of sills. This could éroduée layering on a ‘large Jr small scale.
These cpuld have cumulate textures resulting in layered cumulates and
noncumulates.

Magmatic layers should have sharp bounddries with théir county rocks
and would probably be discotdant, at léast locally, to any earlier
layering. Bféﬁchiﬁg, crosscutting and pinching-out might occur.

Textures in these sills might be éumulates or flow fabrics dimensionally
oriented parallel to their.walls. These might férm during the fntrusion
of a crystal mush.

A few small gabbro sills gérerally coplanar with eérlier layering
ave reported to intrude cumulate gabbros in the ophiolite complex of
Papua (Davies, 1971).

Dikes could be rotated by strong deformation into near parallelism
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with earlier {layérings that they originally cut at high angles. These
might look much like the «ills mentiored above but the rocks would be
much more ‘deformed. Tectonite fabrics forming din these rocks, in res-
ponsé to'-the deformation, would not necessarily be coplanar with either
the dikes or the earlier 1ayéring.

New layerirg commonly develops in déformed.rocks of a wide variety
of compositiéns and metamorphic grades: "These usudlly form as axial
surface foliations of older folded foliations (Nisbet and Gregg, in
prep.). In high grade rocks these layers usually have more diffuse
boundaries than those formed at lower grades. JTectonite fabrics are

widely developed, with planar morxe common than 1inear fabrics.

At high metamorphic grades one process whiéh might férm new ayering

is metamorphic differentiation controlled by diffusion (Turner, 1939).
This would probably fofm discontinuous layering with diffuse boundaries.
Diffusion probably is not active over tot more than about 1 cm. Layering
formed by this process would be thinner than this, and probably.oaly a
few millimeters in most cases. Domains ‘that have been enriched in some
cdmponent relative to the parent ?ock would be surrounded by.a domain

Yelatively depleted in that compomeant. Vedns forming <in .dilatant zones

in-high grade felsic rocks show this relationship (Vidale; 1974). Meta-

somatic¢ transport also seems to be impértant in these structures, though.
no fabric indicatigg flow parallel to the vein walls has Been found.
Réeoks deforming at high temperatures are likely to begin partial
melting. This might take place hcmogeneously thréughout ‘a rock body
or be localized along high strain zones.
At estiffated oceaﬁic upper mantle confining pressures (2 to 3 kb)

and relatively high strain rates (10“3 sec"l), strain heating of a few

hutdred degreés is probable (Goetze, 1975). Moltén material might form
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along high strain zones due to this elevatéd temperature,
Partial.melting of umltramafic material to produce plagioclase~
rich melts hgs.beensugggstedby a few workers (Menzies, 1973; Boudier,
1972; Boudier and Nicolas, 1972; Dickey, 1970). This material is
segregated in. joints, sigmoiaal tension gashes, or lenticular layers
surroﬁnded by ultramafic material. Electron probe analytical work shows
enrichment and depletion of different oxides, in the partial melt lenses
and in the surroupding qltram&fic material relative to the proposed
parent rock (Menzies, 1973). .
Along with those of the primitive material. from which- they. were
derived, chemical amalyses of these enriched. gnd depleted. materials plot
as the earliest part of a fraectionation curve (Menzies, 1973; Boudier
and Nicolas, 1972). .
.Deformatidn synchronous, with partial melting could help concentrate
this liquid into lenges or dikes forming in dilatant zones. Lenses in
the Lanzo Massif have been 6bsérved coplanar or in en echelon orientations
with respect to the dominant tectonite fabric of the surrounding rocks,
which may cut through the lenses (Boudier and Nicolas, 1972). Textures
suggestive of partial melts have been briefly described (Menzies, 1973).
These include subhedral plagioclase and clinopyroxene surrounded by a
framework of anhedral, regidual, olivine, and orthopyroxene. Depleted
ultramgﬁic rocks have interlocking anhedra of residual phases. These
textures could be destroyed by subsequent deformatlion and recrystallization.
Any layering in a body might be isoelinally .folded and transposed.
The original layering in this case would be complexly folded back ovex
itself. With continued strain fold limhs would become bondinaged and
highly attenugted .leaving hook-shaped, isolated, tight fold hinges. These

could be further deformed to make their identification as closures
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very difficult. This could result in discontinuous layering defined by
lenses and schlieren. Thus, in highly deformed rocks, regions with
abundant folds may be regions of lower deformation than adjacent regions
where. f61ds are not recognized. The thickness of these bodies and the
shatpness of their contacts ;ith surrounding material probably depends
in part on the original form of the layering.

Transposed layering is not a new layering, but rather a mechanically
rearranged earlier layering. Transposition reﬁderé the original seduence
of layers undeterminable in the affected regidén. Gross origimal relation-
éhips may be preserved through a transposed body but détails, in most:
cases, would not be possible to work out (Nisbet and .Gregg; in prep.).

In transposed layering some foldhclosuresthould‘sdrvive indicating
the intense deformation of the rocks. In layered rocks of ophiolite com=
plexes folds are very ﬁncommon and are often attributed to slump structures.
Folds may be difficult to recognize due to the coarse grained, gradational
nature of the layers. Such strong deformation would produce stroug tectoaite
fabrics. Planar axial surface .fabrics -in transpesed rocks wauld Se coplanar
with the long-axes of the remaining lensoid bodies of the original layering.

The fabric of any layering might be destroyed by subsequent deformation.
Strong dimensional and/or lattice preferred orientations may develop, .
obscuring the original fabric. Gabbro and ultramafic tectonites are
found in some ophiclite complexes some of which may be deformed cumulates
(Moores and Vime, 1970; Davies, 1971). <Fabrics of these are similar to
those reported from -Alpine Ultramafic bodies- (e.g., Nicolas et al., 1971)
and those produced experimentally under simulated upper mantle conditions
(Nicolas et al., 1973; Carter aund Avé Lallemant, 1970). Two mechanisms
have been described.

One'process is synkinematic recrystallization (Carter and AvelLallemant,

3
%
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1970). Recrystallization is controlled by host grain latticé orientations
and the Yocal stress field. The latter ultimately allows grain growth
which ‘consumes thé -host grains and any unfavorably oriented new grains.
The earIiest grain growth is lecalizeéd along grain boundaries 4nd regions
of high strain in the crystai‘rattice ¢(deformation bands, high angle graiﬁ
bouddaties, etc.). '
égi A second method of developing strong fabrics is defermation and sub-
sequent recrystallizdtion (Nicolas et al., 3971). Plastic déformation
with intergranular and intragranuldr gliding is evident from the fabrics
observed. These have deformation bands -formitg perpendicularly to slip
planes. ‘Coarse grains are‘SIiced idto marrow slivers along these planes

and separated by narrow domains of fine grained material., Subsequernt

recrystallization is controlled by the deformation structures.

Complex combinatiéns oé layering and fabries of primary and later
tetamotrphic, ignecus, or mechanical origin 'may not allow the complete
histery of a body of rock to be determinmed. In the coarse-grained, grada-
tional layered rocks of the Hine'$ Pond area « single penetrative deformation
could have completely obscuned the origiidl nature of the rocks. iILayering
and fabrics may have beer destroyed andfox overprinted -by néw ones. The
extent to which a mass of rocks has been deformed *epends -uporl the'recognition
of 'primary structures, fabrics, etx.

The megalEnse; of the Hine's Pond area have a complex (overlapping?)
history of igneous, deformation, and recrystallization dctivity. The
following section is an attempt to put together outcrop and microscopic
observations to propose a working hypothesis for the history of the Hine's

Pond megalenses.

H. HISTORY OF DEFORMATION AND IGNEOUS ACTIVITY

Tractional fusion seems to be the most likely possible process by
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which the gabbroic and basaltic cémponents of the Bay of Islands ophiolite
»

Complex could be generated from supgosed‘mantle material (Kay, Hubbard,
and GasE, %?71} Irvine, 1972). This.would leave a residue of depleted
ultraméfic matérial such as the harzburgige;dunite tectonites that make
up the base of the complex. " The megalenses of the Lewis, Htlls are likely
to be masses of partial melt material surrounded by depleted ultramafic
material. |

The study of outcrop rélationships,. polished slabs and thin sections
allows more than a.single hypothesis fo;‘t}e history of deformation of
these megalenses. The known types of layering‘in}plutonic rocks described
above are used in these hypotheses (see Fig.40).

The earliest foliation in ghe megalens-roaks is a lifhologic layering.

Layers are from a few millimeters to sevéral tens of meters thick. They

have gradational contacts with both size and compositfonal grading. Con-

tacts between olivine-rich rocks are especially diffuse. Chromitite,

anorthosite and clinopyroxenite layers have very sharp contacts with
olivine~rich ultramafic rocks. Of these monomineralic rocks only clino-
,
pyrogenites are abundant. Locally, apparent déﬁqiﬁf”g;ading‘(rhythmic
layering) exists but no well definéd repeated seqd%nc;s of Iayers (cyclic
layering) was observed. This layering seeits to ée cumulate, and therefore
probably formed by the accumulatioﬁ of comulus crystdls on the floor of
a magma chamber. None of the other types of layering discussed above
satisfy the observations. Cumulate textures were only observed in thin
sections of chromitite. Akl ofher phases haQe been so completely;;ecry-
stallized or altered so that cumulate textures are not recognized and
have proBably been obliterated. This reflects the relative resistance

of chromite to recrystallization compared to the silicates present.

No unquestionable mesoscopic sedimentary structures were observed.
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No consistant<facing direction was?obtained from observations of common
gtaded ~beds. There may be one possible way to determine facing in this
sequence. Any anorthosites are found only at the tops of -these sequences.
Consideriné the density, and order, 'of crystallization expected for these
rocks it seems logical from Ehese data to suppose that the;megalenses near

Hineés Pond are right-side-up and face westward. The rest bf the Bay of

Eslands Complex to the north also generally faces westward and is openly
folded. Within the megalenses, in general,the following sequence of rock
types are found from bottom £o top: dunite, chromite, feldspathic wehrlite,
olivine gabbro-and troctolitey, clinopyroxentte, anorthosite, wehrlite
' ; (Fig.14). Cumulates may have dimensional -preferred orientation fabrics
(evg., Brothers, 1964) and at least tbe Vouriﬁos Ophioclite Complex -has
some lineated; but apparently tectonically undeformed cumulates, supposedly
formed under the influence of currents within the magma chamber (Jackson
et al., 1975). Any such fabrics, at least within .the silicates, of the
Lewis Hills megalenses, havé not been recognized, and are thought to have
been destroyed.
] g The cumulate- layering is difficult ta see in the megilenses. Layers
now have the form of lenses and .discontinuous layers. The‘cumu}late layering.
has probahly bgen isoclinally folded and transposed 'so that the -orfginal
layered sequence cannot .be determined, at .least on a megoscopie scale.
Thodgh_éhe layening in the.megalenses is apparently trdnsppsed internally,
the large scale layering of the Lewis Hills need not have been. The
g % - discontinuous outcrop pattern of gabbroic rocks with strong tectonite
fabrics, however, suggests that it is perhaps likely to have been. No
megascopic folded forms have .yet been found.

Evidence for the intense :internal deformation of the megalenses is

j as follows. In layers with sharp boundaries, such as anorthosite or ~<chromitite,
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the layering is often iSOCIinally‘folded. Isoclatéd intrafolial fold
closurés and lenses are common in these ltthslogies. Single crystals
and aggregates in coarse grained welrlites and feldspathic wehrlites
often appear to be folded. Polished slabs of these ‘Lithologies did not
confirm the presence of fold;d forms. Boundaries of aggregates in these
rocks are more sharply defined on weathered surfaces. Hook-shaped con-
centrations of‘clinopyroxene, chromitité,vand plagioclase in the moses
of lensoid ultramafic layers suggest that these diffuse lenses are also
fold hinges. Fotdé in the ultrdmaficd -are:difficult to recognize for
the following reasonss 1) wery.coarse grain size; 2) high relief om
wedthered surfaces; 3) gradational} contacts bétween rock ‘types; and &)
absence of platy minerals. Str&ng ax?at surfade foliation defined by
dimensional preferred orientation of coarse grains and aggregated or
secondary layering might also obscure fold hinges (Fig.19).

Mesoscopic folds in these rocks have -axial surfaces coplanar with

the st¥ong 'dimensional preferred orientation of coarse grains and ag-

-gregétes which define a folfation (S3) and strong iineation (Lg}. This

strong fabric is pehetrative im the megalenses except within later gabbro

sills, clinopyroxenites, and localized high strain zomes. The Sy foliatton

cuts through the noses of lénses in the ultramafic rocks. It has probably

developed either by syntectonié¢ recrystallization (Carter and Ave LalYemant

1970) or by -plastic deformation followed by recrystaklizatioh {Nicolas-

et al.y 1973). There is abundant thin section evidence for the development

of this fabric. ‘
Stlls of leucogabbro (up to 4 meters thick) whose pobsition is con-

trolled by thé eariler foliations (S1 and Sq), are slightly discordant

to the olivinerrich ultramafics. Clinopyroxenites discordantly overlile

them. These sills pinch-out laterally into less plagioclase-rich rocks or
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layeraﬂxplagioclase—rich=anﬁ~plagiqc1aae—pﬂor rocks., The sill rocks are
strongly altered. but strong tectonite fabrics are not always developed
in,; them. These'rocks are layered on -a scale of 0.5 to 2 cm. Plagioclase
is greatiy'altered byt the overall -shapes of recrystallized mafic domains
suggest cumulate textures. These might- be. crystal mush JAntrusions or
cumuléte sills.

During the deformation mentioned abgqve and to some extent. during the
intrusion of the leucogabbro sills, plagioclase-rich material was segregated
into localized zones. This material is concentrated in lenses, -discontinucus
layers: to 5 cm thiek and dikes to 4 cm wide. These are localized along
high strain zones and dilatant zones and may represent @early in situy
partial melt matexrial. The folnging obsenQaﬁions suppoxt, this hypothesis.
The plagioclaée—rich lenses are surrounded by plagioclase and clinopyrqxene-
poor material, usually dunite (Fig.23). They are apparently magmatic
since they have the same composition and are sometimes continuous with,
dikes which cut Sy, Si, and other layers of the same compositicn. These
layers and lenses often truncate dikes indicating that they mark planes of
tectoni@ dislocation. Some dikes seem to form at the intersections of 1ayefs
and lenses which are dften in the form of isolated fold closures. These
may be -dikes or masses of any form that have been rotated and flattened into
approximatg parallelism with earlier foliatioens. Vexry irrvegular masses of
anorthpéit;cdtnoctolite form in some places. These may have a small scale
layering within them ¢(Fig.20).

Dikes often form at moderate to high angles to the lithologic layering.
They are often coplanar with or -occupy ductile "faults'" with offsets of
up to at ledst 1 meter (Fig.31). These dikes generally have digensional
preferred orientation of grains coplanar with their walls. They have

not been seen to be affected by S4.
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Dynite .layers containing irregular clots, up to 3 cm across, of
coarse clinopyroxene and plagioclase are faund in several localities (Fig.27).
They are usually near the leucogabbro sills. The clots may repzesent
secondary or, relict primary partial melt segregations within depleted dunite.

The large leucogabbro sills themselves may be partial melt segregations.
With few exceptions, they are bounded above and.below by 1 to 2 meter
thick zones of interlayered (3 to 6 cm) anorhtositic gabbro and dunite.
There is usually a dunite layer adjacent to the gabbro, In the rocks
outside this zone plagioclase becomes .ngre homogeneously distyibuted and
the rock has no small scale layering., These grade from wehrlites with
discontinuous schlieren and stringers of plagioclasegrich material to
homogeneous feldspathic wehrlite. There is an apparent jncrease in modal
plagioclase from the interlayered zone outward for as much as 5 meters.
Thick leucogabbro sillé sometimes grade laterally into feldspathic, ultra-
nafics and eventually dunite. They also may be interfingered with felds-
pathic ultramafics with abundant jagmatic lenses and discontinuous layers.
All the leucogabbro sills in the area thicken to the south and west.

Where the lenses pinch-out they are often pegmatitic. Frocesses
here seem to have produced rocks enrjiched in.plagioclase and clinopyroxene
and cothers depleted in those components. These may reflec; on a smallgr
scale the processes that formed the megalenses of the Lewis Hillg entirely
enclosed by dunite;

The partial .melting processes may have formed the large leucogabbro
sills along major dislocation zones. These could have been added to by
the dikes -that cut the layered sequence (S83).

The deformation and heat that generated the magmatic material may
have remobilized the overlying clinopyroxene=rich ultramafics. These

are mainly irregularly layered and hondinaged clinopyroxenites (1 to 2 e¢m) .




separated by thin (.5 to 5 ¢m) duhite layers. These #dré ‘deformed’by ‘tight

concentri¢ to similar folds with'boﬁdinaged 1imbs. ThHede rocks show no
stfong! Pabric unIike the rest of the rocks in the megalensés. ‘Ean thin
séction these apparently are the'least déformeéd rocks iii the area. De-~
formatidon in them dies out.a;éy from the leticogabbro sills and these gills
are locally crqsscut on a small scale by these clinopyroxenites. These
rocks are difficult to explain.

The part of the magma gerlerated from the-volumé now represented by
thé rfesidudl dunite-harzburgite tectonitéd¥ Srthat form a secondary
episode of partial melting may have had ‘sécéndaty episodes of fraction-’
ation, crystal accumulation ‘and ‘minér’ deformation. This!would also ac-
count for the apparently underformed nature ‘6f the &lindpyroxenites.

Layered dunite (2 to 5 cm) and anorthosite (3 to 4 cm) above the clino-

pyroxénites, in at least .one megalens, is tightly folded. It seems un-

likely that the pyroxenites could have selectively estaped this deformation.

Ancther possible way' to allow for 'relatively undeformed clinopyrexenites
would be by deformation of :lie megalens prior to complete solidification
of the magma. The lower parts of'the‘seQuéncé would be relaéively ‘solid
and could deform as described' 3bove and possib1§ generate 18¢al partial
melts. Near ‘the floer of the chamber, material might have ‘béen a crystal
mush, which could not be tepresenfted By the pyfoxeniteé.. Crystals an&
interstitial magma of overall gabbro composition could ‘have beén intruded
into the semi-consolidated mass durimrg deformatiomn. This intrusion might
have beenh localized ‘Atong the solid-crystal mush interface and have caused
massive sluimping in the mush. “This would perhaps account'for the irregdlar
layering and variable feldirng in these rocks.

Melagabbro dikes cut alIl of the folidtion of the layered séquence.

They have strong fabrics -and a 0.5 to 2 cm layeridg develeoped cdéplanar with
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their walls. They are in turn cut by wehrlite dikes with grain shape
foliatjons coplanar with their own,walls. Locally the-mefagabbros enclose
xenpliths of monomineralic rocks such ag anorthosite and clinopyroxzenite.
These may have iﬁtruded unconsolidated cuﬁuiates as they form migmatitic
rocks (Fig.33) and possible ;1Ump folding is seen near the walls against
the pyroxenite county rocks (Fig.34).

Elsewhere; similar rocks intrude generally along axial surfaces of
isoclinal folds that are often broken near their hinges and displaced
along their axial surfaces. These cut no older gabbro layering. They
may, therefore, be older or younger than the other metagabbros. A small
megalens occurs along strike 200 meters east of such rocks south of
Hine's Pond. The relationship bétwegn the dikes and the megalens is un-
known. |

Fabrics and layering in the megalenses have strong, local high strains

superimposed upon them. These are refleeted in the strong (Ls + Sg)

fabric and the obliteration of previous: structures. They are localized
near the contact with the Hine's Pand Metagabbroes, and are probably a
resu;t of their tectonic emplacement as a higher thrust sheet. The
metagabbros are locally deformed along this contact. They have a pre-
existing layering, and strong dimensional preferred orientation of horn-
blende and plagioclase. It is mnot possible to correlate structuxes
predating the high strain zonmes in the metagabbros with those of the
megalenses. .

Both the metagabbros and the gabbros of the meéalenses of the Hine's
Pond area are folded about steep northwest plunging axes. This may have
accompanied obduction of the ophiolite. This marked the formation of new
garnetiferous layering in the rocks of the basal aureole which was followed

by calcium-metasomatism and serpentinization at and near the base of the
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ophiolite complex.
The open folding might altérnatively have taken place during the
Acadian Orogenic event. East-west normal faulting is probably Acadian

in age.
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CHAPTER VI
SUMMARY, CONCLUSIONS, AND SPECULATIONS
The study of many layered mafic-ultramafic bodies in.orogenic belts
has revealed a recurring assemblage of rpgk'gypgs with ,consistent large-

scale igneous relations and internal proportions. These assemblages are

knoyn ag ophiolite complexes and from hage tq top generally consist of

" ultramafic metamorphic tectonites, interlayered ultramafic and gabbro

(transition zone), .cumulate and massive gabbro, altered to low grade meta-
morphosed .mafic dikes forming a sheeted complex, altered .mafjic pillow
lavas and a cap of voleaniclastigc,sediments or marine lutites with radio-
larian chert. Minor intrusive bodies ¢of topalite; trondjemite .and, horn-
blende gabbrxo are common in the higher levels of the plqgonié part of the

complexes,

Complete and dismembered ophiolite complexes occur in various, parts

_of orogenic belts. The form and detailed tectonic setting of ophiolites

is quite variable (Dewey and Bird, 1971; Miyashiro, 1975).

Dismembexed ahdﬁgr metamoxphesed, ophiolite complexes are proﬁably
common but potentially very difficult to impossible to prove as such.
The Vermont serpentine belt is probably a good example. of s;ch a situation.

Other occurrances of ophiolite complexes include mélange units
containing blocks of all the. characteristic members of the ophiolite as-
semblage. These melanges are considered to have formed in the inner
wall of deep sea trenches which have been subsequently upiifted'as
parts of orogeunic beits. . + |

Complete ophiolite .complexes are mostly found in the form of giant
high level nappes in-orogenic belts. The best examples of these are

the Semail Nappe -of the Northexn Oman Mountains (Reinhardt, 1969; Alleman -

and.Peters, 1972), the Papaun Ultramafic Belt (Davies, 1971) and the
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Bay of Islands Complex.

s

The best hypothesis for the origin o0f ophiolite complexes is that
they are slices of. oceanic crust and upper mantle which were formed at

some type of accreting plate margin and subsequently tectonically em-

~

placed into various parts of orogenic belts. Many tectonic models can
be devised for the obduction of ophiolite nappes over continental margins
(e.g., Dewey, 1975).

Much recent work has focused on the corre;aéion of ophiclite complexes
with oceanic crust and upper mantle. The following, taken together
strongly suggest a positive correlation:

1. Similar gross physical clmaracteristics af infact ophiolite’
complexes with geophy31cal models of the ocggnic %rust and up—~
per mantle for varioud ocean basins (LePichon, 1969'“Dewey and’
Bird, 1971).

2. Lithologic similarities between rocks of ophivlite:complexes
and dredged or drilled rocks of the ocean floor and 1ts tectonic
escarpments {e.g., Dewey and Bird, 1971; Moores and VJne, 19713
Gass, 1967).

3. Similarities in physical properties (e.g., velocity of com- ~
pressionel waye transmission and magnetic properties) of ocean

floor and comparable-ophlo&ite eomplex- rocks (Petersen, Fox,

and Schrieber, 1974).

ES

4. Chemical similarities between some rocks of ophiolite com~
plexes and abyssal tholeiites and associated metamorphic rocks
(Aumento et al., 1971). .

5. Presence. of:Nigh pressure and temperature mine;al assem-
blages indicdative of mamtIeé"conditidns in &phidlfite complex
ultramafic metamorphic tectonites (Church 1972; Irvine, 1972).

6. Common fabrics and sub-fabrics like those produced experi-
mentally under supposed upper’mantle conditions in ultramafic
metamorphic tectouités of ophioiite«conplexes (Nicolasy 1969;
Nicolas et al., 1972, 1973; AvélLallemant and Carter, 1970).

7. Similar metamorphic assemblages in ophioclite complexes and )
dredééd?rocﬁs, atid ‘vetticel metamorphic relations in these com- ’
plexes similar to those predicted to exist in the oceanic crust

based on depth and geothermal gradient considerations (Dewey

and Bird, 1971; Williams and Malpas, 1972).

8. Dismembered ophiolite complex is found on Macquarie Island

W
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and is considered to be exposed ocean floor (Vame and ‘Rubenach,
1972).

9. Sheeted diabase dikes ip ophiolite complexes demand 100%
lateral extension of the crust, up to greater than 100 km, pro-
bably posgible gnly at accreting plate margins (Gass, 1967;
Moores and Vine, 1971).

[N

10. Restored compressionaily telescoped continental margins in
orogenic belts ipdicate that ophiolite nappes were derived from
déep oceanic regions (Stevens, 1970; Glennie et al., 1972;
Dewey, 1975). !

'Z 11. Sediments characteristic of abyssal depths in ocean bagins
H (radiolarian chert, manganflerous lutites, etc.) or marginal
basins (volcaniclastic flysch) interbedded with and overlying
pillow lavas of ophiolite compYexes (e. g., Reinhardt, 1969;

[ Williams, 1973).

Despite this evidence some aythors have challanged this hypothesis

Srnd e el e,

f on the basis of chemical analysis of basalts from ophiolite complexes
(Ewart and Bryant,:1974; Miyashiro, 1573; Miyashiro, 1975). Ambiguities .
: - in the chemistry of these altered mafic rocks probably reflect our

rather meagér knowledge of processes beneath spreading centers and the y
1 ‘inherent biases of deep sea dredging. Detailed structural work has not
been done within many ophiolite complexes, so presently unknown structural
complications may also cause ambiguities. Chemical analysis without

i

L adequate structural control of sampling could cause great confusion,

These problems underline the need for deep drilling in the ocean
basins and detailed mapping within ophjolite complexes. Cherical analysis
and radiomet;ic age determination done in conjunction with detailed mapping
could resolve many currently important problems concerning ophiolite
complexes.

Although the Bay of Islands Ophioli£e~06mp1ex is thought of as aqne
of the world's best exposed, complete exposures, the Lewis Hills area )

is quite anomalous, Generalized columnar sections of some of the world's

i sy

best known ophiolite complexes and the Lewis Hills illustrates this (Fig. 41).

[ Y
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1% The Lewis Hills has the thick ylktramafic tectonite ‘hasal member char-

acteristic of well developed ophiolite complexes. It also has; along
its basal contact, a thin contact metamorphic aureole. which is commonly g
found beneath the ultramafics elsewhere in the Bay of Islands Complex. E

By the similarity of iﬂélowerunits to those of the northern two }
massifs o©f the Bay of Islands Complex and the spatial -distribution of
the massifs, the Lewis Hills is certainly part of the ophiolite complex. 3
It is different from all other complexes reported and may provide some |

H
on~land evidence, otherwise -unohtainable at rhe surface, of processes
: toar
beneath spreading ridges of main acgan basips or in marginal basins.
voutll oo *
This study has defined significant differences between the .Lewis

Hills -and the complete.ophiolite:complex to tbe,north. The Lewis Hills
By o ’
is distinguished by the follaowing ynique features:

v gnle .

‘ 1. It lacks the thick- (4 +km).sequence of massive gabbro and struc-
‘11‘& -

!§ turally higher units (2 -km) characterisitc of the ophiolite suite.

2. There is a very thick (6 .km) section -of rocks characteristic

of the transition zone of other ophiolite complexes, where this zone

is not normally over 0.5 km thick.
3. Well developed -foltations and strong lineations indicate un~
usually intense and widespread high temperature deformatiom. They form

a complex and apparently rather irregular gequence Tecording a complex

histoxry of regional and local defermation as well as igne;us and meta~-
morphic activity.

4. Very large volumes of massive, homogeneous dunite are present
that enclose megalenses of layered olivine-rich gabbroic and climopyroxene-
rich ultramafic rocks.

5. Large masses of high grade metamorphic rocks .are -found apparently

overlying ultramafic rocks of the ophiolite complex proper with an apparent




thrust..fault contact and locally developed high strain facizs. %

; Beyond these laxge scale relationships this detailed study of the
internal structure of the layered gabbro-ultramafié megalefisés permits
the following generalizations:

1. The megalenses consist in large. part of a highly "deformed
cumulate (?) layered sequence in which it is no longer possible
to determine the ,original layered sequence except da- tHe grossest
scale. Less deformed cumulates are reported from a few ophiolite
complexes (Moores and Vine, 1971; Daviés, 1971; Brown and Brad-~
shaw, 1974).

2. Penetrative foliations and lineations defined by strong
dimensional preferred -orientation .6f coarde grains and aggregates
have developed generally coplanar with the lithologic layering.
These ~have probably developed by either syntectonic recrystal-
lization or deformation with subsequence recovery and primary
recrystallization.

3. Igneous.activity. syichronous -with the’high-terfiperaturdé de-
formation is recorded by leucogabbro intrusives controlled pre-
existing, withird the: megalenses. *No dikes enter or leave their
boundaries. Thus, the megalenses seem to closed systems. Dikes
of. the same compqsition both.cut ‘the layering and are either "af-
fected by the fabric in the surrounding rocks oxr more commonly
have fabrics coplanar- witlr their walls.

4. Ductile deformation.along high strain zones (shear belts?)
is common, and these are used synkinematically to intrude magma
and/or-.crystal mushi-between the layerd: Gabbro respondd much
more plastically than the surroundiung ultramafic rocks. They
may have .been unconsoldidated--at the' rime: of" deformation..

5. Irregularly layered clinopyroxenites are apparently unre-
crystallized and may represent late magmatic, remobilized or
annealed material.

6. The wholerarea has been operrly: folded -about steeply morthwest
plunging axes without the development of a penetrative foliation.

7. The area has been dissected by west to northwest trending |
normal faults with small displacemerits.

All the deformatdion, and igneous and metamorphic actiwvity, ‘except
the normal faulting, (1 through 6. abdbve) probably took place beforg or
during the obduction of the ophiolite complex'while the complex was® at
high temperatures. Ductile deformatfon, widespread recrystallization -

of olivine, plagioclase, and pyroxene, and lack of chilled margims Sug~

gest this,
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‘Considering all the data from. the Hine'sPond area several hypotheses
can be:made concerning the history of the Lewis ‘Hills Ophiolite.Complex,
as' an.dceanic crust/upper mantle fragment. The following suggestions .
assume that no penetrative deformation, except possibly in the metamorphic
auredle and adjoining basal ;Itramafic rocks, occurred during the trans-—
portation of the ophiolite complex as a:part of.the allochthonous sedi-
mentary- and metamorphic terrane upon which it now lies.

One possibility- is that this ophiplite complex represents a deeper,
presefitly unknown crustal or upper mantie leyel than is exposed in
ophiolite complexes elsewhere. Since none of the uppexr members of the
ophiolite suite are presently known in the #.ewis Hills there can be no
certainty as to the depth below the sgafloor at which the rocks now
exposed. in the Hime's. Pond area were formed.
> Most models for p?ocesses beneath spreading xidges call for partial
melting of primitive upper mantie material rising through adiabatic con-
ditions. Flexural rigidity .calculations show that ng large magma chamber
can exist below spreading centers (Dewey, -Fox,%Kidd in prep.). . It is
moré*iikely that many small repeated magma injections coalese to form )
oceanic layer 3.

Megalenses of plagioclase amd clinopyroxene-rich matgrial in the
‘Lewis Hills may represent- fractionated, deformed, partial melt blobs,
frozen within depieted»uéper mantie ‘material below or near the M seismig
disconfinuity; This discontinuity .probably represents the level at
whieh ultramafic material becomes dominant beneath lower velocity‘mafic
material. This is defined by seismic refraction, which is based on the
assumptions of lateraliy continuous., homogeneoys layers of rocks which

incréase in density with depth. Such-'megalenses could therefore exigt .

in the ubper oceanic mantle and not be detected by seismic refractions .




Their lower velocity of transmission of compressional waves would he

averaged with thie ultpamafic rotks that surround them. This could lower

Fhe velocity. of é mafSL& ultramafic layer. Furthermore, if these megalenses
are sufﬁibientlm éommon and have stroné&&ime&sional preferred orientations
in the upper mantle, they ma; at least partly account for seismic anisotropy
observed there (e.g., Raitt et al., 1969).

Another possibility is that durgng the initial stages of obductilon
oceanic crhét has been dgfofﬁe& and- metamorphosed. Transition zone-type
lithologiés 1ie over ultramafic tectonites%of the Lewils Hills. These ultra-
mafics are typical of other ophiql}te complexes-and are rconsidered to

. »

be upper mahtle rocks (Mooresvand{VQne, 1970; Moores, 19703 Deiiéy and
Bird, 1971). The Lewis Hills'ma"y:,‘:réﬁzz?‘é"sehg;devformed crustal rocks in which
the typically.higher levels of which have been altered or removed during
obduction. The abundant amphibolites and metagabbros may represent meta-
mqrphqse@ bagalts, doTeritéas,’ and gabbrc of the océanic xrust.
?e&ks sifiilar té those &f the Hine’f’?oh@'Metagabbfos havé been
dredged from transférm fault zones of thie'ocean’basins. It is not known
to what extent if at all these are present in oéeanic crust away from
‘these tectonically active areas. At transform fault zones, oceanic crust
of two diverging lithosphere piates slide past one another between midoceanic
ridge offsets. Cataclastie, granulated, and mylonitic rocks are dredged.
from here reflecting brittle deformation. At deeper crustal levels plastic
deformaticn probably takes place. The results of such processes here are
unknown at present.
The history of a mass of éceanic crust produced at a spreading 'ridge
at a transform fault zomne involves complex deformation and igne;us activity

(Fig.42). From the time it is produced at the ridge crest until it reaches

a point opposite the offset portion of the ridge crest the rocks should be-
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deformed by brittle failure at high crusgai levels and flow at .deep -levels.
Deep levels of the new ocean floor will begin being deformed soon after
its formation. -Highep levels would epter the .zone.of .deformatiton asqthe
crest cooléd, subsided and mgved laterally relative to the adjacent pkate.
Deformation in this region w;uld cease opposite the axis of the offset
ridgevcrest, Here the transform becomes .a fracture zone. The trace of
the fracture zone is an igneous. contact where ney acean floor .4ig .formed
against older rocks of the same plate that have a transform fault zone
deformation history.

At Hine's Pond metagabbres have a sharp eontact against highly de-
formed ultramafic rocks. This might represent plastically deformed deep
crustal rocks in contact with'yqﬁﬁger.metagébbros of the transforym fault
zone. Deformed lenses of ultramafic .,rocks in metagabbro near this contact
might be xenoliths of deformed oldér rocks.

Another possibility is that, during the very earliest stages of ob-
duction, uncomnsolidated gltfamafic and mafic material under a spreading
center became tectonically mixed. This would trequire decoupling of the
oceanic crust at a ridge crest where the crust was young, hot, and probabl&A
in part molten, perhaps in the form of a crystal mush. Qonceivably,
ultramafic and mafic components could be mixed in any proportion.

The significance of the Hine's Pqnd metagabbros may be. great. If
they are interpreted as a thrust sheet overlying the peridotites they need
not be part of the ophiolite complex. The relationship between the ophiolite
complex and the Little Port Slice is uncertain. Dikes si&iiar to those of
the ophiolite complex cut deformed gabbros of the Little Port Complex
suggesting that it is an older crustal remnant caught near a spreading
center (Williams, 1973). The Hine's Pond metagabbros may be part of the

Little Port Complex. A zircon radiometric date of 508 * 5 m.y. has
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recently been obtained brom a quartz diorige body in the Little Port
Complex near Trput River (Mattinson,$1975).

If the stacking scheme followed in-the lower allochthon of the Bay
of Islands'area may be extended into the highest slices, then this slice
ﬁay be thought of as having béen derived from beyond the Bay of Islands,
Slice. This might be part of an island arc formed on the opposite side
of the Bay of Islands basin from the Cambro-Ordqvician continental shelf-
slope~rise of the Western Piatfdrm;

However, the metagabbros might be interpreted as rocks lying structurally
below the ophiélite complex but exposed by folding of the basal contact
near Hine's Pond. These unde;fxiug rocks might be part of the Little
Poxrt Complex (508 + 5 m.y.)..'For reasons given elsewhere they are un-
likely to be ﬁart of contact metamorphic aureole. The basal aureole
has been dated'as 460 + 5 m.y. by 40Ar/39Ar release spéctra work on
amphibole; {Dallmeyer, 1975). They might also be deformed gabbroic rocks
of the megalenses near the gasal contact of the ophiolite, ¢t masses of
deformed oceanic metagabbros from a higher crustal level apparently
absent in the Lewis Hilla. ,

No matter what the history of the Hine's Pond area has;been, it

is clear that the Lewis Hills Ophifolite Complex yepresents a previously

undescribed, épparently uniqua variation of an ophiolite complex.
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Appendix I Contoured Stereogragﬂic Projections of Foliations and . q;
Lineations in the Hine's Pond Area i

*

All the following stereograms are equal area plots*on a lower hemisphere

B

projection. The number of data points contoured in each figure is listed

L

with each diagram. Contours are 30% to 3% per 1% area with a contour

interval of 3%. The figures represent the distributipn of foliations,

lineations and fold axes in varipus sub—areas of .the Hine's Pond area in

-

the Lewis Hills. They are as féllows: -

a. all foliationsQfﬁ Avég I+ (layering and grain shape
orientation are éopl&hh; except: where cut by dikes) *

b. all foliationms in Area II

T c. all foliations in Area III, scuthern section’ ' P

By . k!

I d. all foliations in Area III, northérn section ’
k b -
™ >
b e. lineation Ly -in Area III, southern section

f. linedtidn Ldin Area III, northern section

;i . g. lineation Ld'iﬁ Area IV

;2 h. 'all foliations in Area IV~

“% i. all féliétions in Area VI (mafic rocks)

_? j. all foliations in Area VI (ul&ramafics) h

' 3
ys‘ k. lineation Ly in Area Vi . . ' )

e )

1. all foliations in Area V . x t
m. linations jo”Areas I-VI

n. fold axes from Areas I-VI &
- i

0. lineations Lgin the Hine's Pond Metagabbros

. p. foliations in the ‘Hine's Pond Metagabbrosn(sd & 5y coplanar)

2 T
5
o B
-~ “
-




b. 25‘ﬁoiﬁts

.
b

do 9[' points

¢c. 173 points

. 4D naointa’
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n. 40 points

280 boints

‘m.

© 0. 42 points'





