








































































































CHAPTER 2
‘AL CHARACTERISTICS OF THE TILTING LAYERED SUITE

YUCTION

of our present understanding of mafic magma-chamber processes is based
ered intrusions, as remnants of magma chambers in which the chamber
minate the chemical evolution of the magma and regulate the layering
1e intrusion. Spectacular and locally well-exposed igneous layering occurs
Layered Suite (TLS) which provides a unique window into mafic magma-
cesses during Siluro-Devonian magmatism in the Appalachian-Caledonian
TLS represents the most primitive mafic rocks occurring together with
iian grenitnid rocks in central Newfoundland.

“hapter wescribes the field and petrographic features of the TLS in order to
ndamental framework upon which geochemical, isotopic and petrogenetic
ie suite can be based. In the following sections, emphasis is placed on
acteristics of the suite. Modal analyses and nomenclature of selected samples

IV are given in Appendix 3 (Table A3.1- A3.5).

AND PETROGRAPHIC CHARACTERISTICS OF THE TLS

'LS underlies appr~ximately 4 km? and is characterized by a wide range of
3 from peridotite and pyroxenite to gabbronorite, gabbro and diorite (Table
S has beer divided on the basis of field relations and petrography into

[ to IV). Zone 1V is further divided into .wv subzones (IVa aud IVD) or

petrography. In many places the contact relationships between the zones
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es which provide significant evidence for the movement of pore liquids (e.g.
et al., 1987).
The field and petrographic studies of the TLS indicate that formation and
»n of the suite involved dynamic and complex magma-chamber processes, and the

lences of these processes varied locally.

MMARY

1) The TLS is a composite mafic layered intrusion and comprises four main
zones. Each zone typically displays its own characteristic layering features
including type, mode, scale, form, and attitude.

2) In general, layers are planar, uniform and steeply inclined (60-70° NNW).
Layer contacts are sharp and concordant, and layers vary in thickness from 1-2
cm to 1-20 m.r

3) Features observed locally are: variation in thickness along the strike; slump
folds; deformed, wispy and modally graded layers; gradational and truncated
layer contacts; finger and channel structures and cognate xenoliths.

4) Modal, textural, phase 3rain-size and cryptic variation are present, although
only the first two are common.

5) Although, each zone has its own characteristic order of crystallization, there
are two main crystallization sequences throughout the TLS; the early
crystallization of cumulv< orthopyroxene ~~curs in Zones I to III; the late
crvetallization of cumulus orthopyroxene occurs in Zone IV. Variation in water
pressure is likely a significant parameter controlling the sequence

crystallization within the suite.
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6) From field and petrographic data, it appears that the evolution of the TLS
involved complex interaction of several processes including magma
replenishment, in _ situ crystallization, current deposition and

postcumulus/subsolidus modifications.
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ZONE 11
Macrorhythmic modal layering Microrhythmic
textural and modal layering
43 in plg-opx-ap Cum®”
15

Plg-opx-ap Cum

E
_ L .1 :1:: | Hbl-poor
& Plg-opx-cpx Cum Non-poikiliti Plg-rich
.t .., | Hbl-rich
Poikilitic [Pl g-poor

Plg-ap Cum

“Plg is cumulus, hbl is postcumulus

Plg-opx Cum

yure 2.9 Representative layered sequences of Zone II with examples of mineral
semblages and layering types.
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Analytical techniques and methodology, together with full mineral analyses and
ve mineral formulas are given in Appendix IV. It is important to note that the
:sented below represent the first comprehensive attempt to determine mineral
ry and cryptic variation in the TLS, which displays very complex physical
rristics (see Chapter 2). Sampling and time constraints necessitated that some
| lithological sections were somewhat short and in such cases, where complexities
oversimplified, the discussion serves as a framework upon which more detailed

can later be based.

'verall range
[nter- and intra-zone compositional variations of cumulus phases are summarized
» 3.1 and illustrated in Figure 3.1. Unless stated otherwise, the following remarks
:d on average core compositions of cumulus phases. However, note that within
sample th_ iverage core compositions of the same cumulus phase obtained from
t grains may differ significantly '(i. e. show a greater range than that of the
al uncertainty - estimated at 0.5 mole percent Fo for olivine, 0.5 mole percent
pyroxene and 1.0 mole percent An for plagioclase). This type of variation is
| to as "grain heterogeneity"”, the magnitude of which is different from one phase
ier (Table 3.2). In general, grain heterogeneity of olivine is fairly small, up to
percent Fo with an average of less than 1 mole percent Fo. In pyroxene (both
nd clino-pyroxene) the grain heterogeneity is moderate, up to 7 mole percent En
average =< 5 mole percent. Plagioclase shows a considerable range of grain

2neity, up to 22 mole percent An witl in average of 10 mole percent.
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III; and from 1.0 to 1.10 in Zone IV. These values and the general pattern of the
»s in Figure 3.3, are consistent with those observed in co-existing, equilibrium Ca-
id Ca-poor pyroxenes (cf. Deer et al., 1966). However, it should also be noted that
)ssing tie-lines observed in Zones I and III may indicate some disequilibrium.
clase

The An contents of plagioclase range from Angs to Ang; (bytownite to andesine)
splay three overlapping but relatively distinct clusters in the ranges Angg g5, Angg g
N6, Which correspond to Zone I, Zone IV and Zones II and III, respectively
e3.1).

Optical zoning is accompanied by large variation in An content. Sharp and
ional contacts between cores and rilr-1S are both present. Normal zoning is pervasive
hout the TLS, but reverse, complex oscillatory and patchy zoning are also present.
ail, compositional zoning varies from one crystal to the next in the same thin
1. A representative selection of plagioclase compositional profiles are shown in
: 3.4.
ibole

Cumulus amphiboles ave very rare and are only recognized in Zone I. They
' to the calcic amphibole group and are of magnesio-hastingsite composition, based
riation in AI"Y versus (Na+K) (Le=Y=, 1978). In gener!, optical zoning of
iual hormblende grains corresponds to compositional zoning and reflects variation

'2 and A1203 CONwcaie.

Cryptic variation
The compositional variation in cumulus olivine, pyroxene and plagioclase

n in the magmatic stratigraphy of Zone I to Zone IV, measured perpendicu
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. layering, is illustrated in Figure 3.5. In the following sections, the cryptic
lon within each zone is presented and discussed separately.
I

As discussed in the previous chapter (Chapter 2), the internal structure and hence
iagmatic stratigraphy of Zone I uas not been reconstructed because of post-
cement disruption by later granitoid intrusions. Therefore, only very limited
ns of the zone are represented in Figures 3.5 and 3.6, where it can be seen that
lons in orthopyroxene (X, =75-86), clinopyroxene (X, =83-86), and plagioclase
,=80-85) are relatively large. This zone usually contains the most primitive mineral
»sitions analyzed in the TLS, in particular note the X,, for the pyroxenes. The
e-bearing sample in this zone is an opx-cpx-ol cumulate (d-type in Figure 3.6) and
) content (Fog,) of the olivine is slightly lower than the most magnesian olivine
ysition (Fog,) analyzed in the TLS (Table 3.1).

Mineral compositions of opx-cpx-plg cumulates (b-type in Figure 3.6; e.g.
sopyroxens = 86) are characteristically more primitive than those of the olivine-bearing

ate (e.8. Xy, = 83; Figure 3.6). Typically, orthopyroxene compositions

cumsopyToxcne
-cpx-opx cumulates (a-type in Figure 3.6; Xy,=79-82) are slightly less magnesian
hose of the alternating opx-cpx-plg cumulates (b-type in Figure 3.6; X, =84-86),
as overall clinopyroxene compositions within these alternating cumulates (a- and
: in Figure 3.6) show little variation (Xy,= 85-87).
ua

Compositions of orthnpyroxene (Xy,= 39-73), clinopyroxene (X, =72-80) and
clase (An.,.= 43-59) display noticeabl¢ rariations throughout the zone, but
it s ple, regula: variatiuus from bottom to top of the «  tigraphy (Figure 3

Low in the stratigraphic section (0-50 m, Figure 3.7), the pattern of cr
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screasing MgO content, while FeO and Ni contents increase with increasing MgO
t (Figu:c 3.15). These observations appear to be consistent with plagioclase and
-accumulation. The TiO, (~0.5 wt%); P,0Os (~0.1 wt%) and Cr (~340 ppm)
ts do not vary much over a wide range of MgO (4-22 wt%).

Zone IVb, similar to Zone III, typically displays two distinct clusters which
»ond to olivine-rich and plagioclase-rich cumulates. Olivine-rich samples have high
20-30 wt%) and low ALO; (~10 wt%), CaO (6-8 wt%) and Na,O (~ 1 wt%)
ts relative to those of the plagiociase—rich cumulates - MgO (4-12 wt%), Al,O,
wt%), CaO (12-14 wt%) and Na,O (1.5- 3 wt%). In Zone IVDb, clinopyroxene is
‘the major cumulus phases, together with olivine and plagioclase. However, a
of cumulus clinopyroxene-bearing samples have low Cr contents relative to their
rock MgO contents (Figure 3.14). Although the reason for this observation is not
these samples characteristi~1lly display both olivine and clinopyroxene as primary
1s phases and this may provide for the relatively high MgO values relative to Cr

ts.

summary of whole rock major/minor element data

Several major and/or minor element trends are consistent with the petrographic
ations. For example, whole rock Al,O; content is sensitive to plagioclase
ulation. Similarly, Cr, Ni + FeO contents are somewhat associated with
ulation of ferromagnesian minerals including clinopyroxene, orthopyroxene and
.. The positive correlation between FeO and MgO reflects the fact that
agnesian minerals hiave higher FeO content than that of plagioclase. Thus, in
variation in FeO cuntent partly reflects the relative abundances of cumu

agnesian minerals and plagioclase.
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dues in the TLS
range of average ¢y, in the TLS is -0.1 to +5.1 (Tables 3.5). This
nt isotopic heterogeneity. For Zone I and Zone III, there are only
» duplicate samples, so it is difficult to establish the degree of intra-
in these cases. Zone I has a ey value of +0.3, which overlaps only
e IV (Zone IVb). Zone 111 is characterized by the highest value which
ose from any other zones. Zone II is characterized by a range of 0.4
rst glance apparently homogeneous. However, two samples (Z2-3 and
s'vidence of intra-sample heterogeneity suggesting a range of about 1
1le. Samples Z4b-5 and Z4b-9 are from Zone IVb and ¢y, ranges from
licating intra-zone heterogeneity. Furthermore Z4b-9 shows some
ample heterogeneity. The value for Zone IVa is +1.0, which is not
:nt from sample Z4b-9 of Zone IVb.

: GEOCHEMICAL AND ISOTOPI . CHARACTERISTICS

| integrates mineral chemistry, whole rock major element and REE
-Nd isotopic compositions of the TLS to construct a framework upon
iesis of the TT € can be based (Chapter 6). Topics to be discussed,

ionship between the whole rock REE abundances and patterns and
MgO content;

or absence of Eu-anomaly within the TLS;

REE patterns;

tionship between ey, values and mineral chemistry and whole

10, contents; and
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ind diagnostic textures
xclases usually with preferentially altered cores, display strong zoning
irlsbad-albite twinning and/or myrmekitic texture at grain boundaries.
=dium-grained orthopyroxenes are subhedral to euhedral, 5-7 mm in length
thow exsolution lam«llae of clinopyroxene parallel to (100). Colourless
>s are subhedral, 3-10 mm in size and usually exhibit twinning features.
Is (1-3 mm long axes) are subhedral to anhedral and display a pleochroic
= yellow, 8=v= reddish brown. They are associated with chlorite and
s. The oxide minerals, including ilmenite and magnetite, commonly occur
grains. Minor amounts of light green amphibole form reaction rims around
ins. It is important to note that this unit contains only minor amounts of
erals indicating crystallization from a liquid with a low water content,
th the early appearance of pyroxene and plagioclase.
racteristic texture of the Sandy Unit is defined as an "orthopyroxene cluster"
re 4.4). This texture forms numerous small, randomly distributed, embayed
e grains cemented by interstitial amphibole and/or biotite. The sizes of the
imilar to those of the coarse-grained orthopyroxene (up to 10-20 mm in
1€ nature of the development of this texture is not clearly understood and
buted to the pr~~ess of synnen«is, 7 2, partly grown crystals drift together,
h other and grow as one unit (Pitcher and Berger, 1972). There is no
lence for continuous crystallization on the margins of the orthopyroxene
ting that the aggregates were_formed by an another process. In addition, the
‘embayed orthopyroxene in such clusters implies that a process that causes
rption must have formed this texture (e.g. Hogan, 1993). Hence, the

ne cluster” texture is more likely attributed to the disintegration and






124
itent. In this unit, both plagioclase and hornblende are early crystallizing

esting high water pressures during crystallization.

loclase grains (up to 10 mm long axes) are subhedral to euhedral, extensively
ightly to strongly saussuritized. Hornblende crystals (5-10 mm diameter) are
subhedral and may contain relict pyroxene. Most rocks of the Wild Unit
to 5-10% pyroxene grains (3-5 mm length), mainly clinopyroxene and

orthopyroxene, which are partly or totally replaced by light green to
mphibole. Subhedral biotite grains (2-4 mm long axes) exhibit a pleochroic
r=yellow to light-brown, 8=~y = dark-brown. Magnetite and ilmenite occur
e grains with or without pyrite inclusions. Ilmenite exsolution within the
rains is quite common. Alkali feldspar has been observed within the
> rocks as a subordinate phase in amounts up to 5-10%. It occurs as anhedral

h Carlsbad and/or microcline twinning. Euhedral zircon and apatite are

)

plutonic rocks of the study area are cut by several dykes ranging in
from mafis-intermediate to fel<i~, In general, the dykes are thin, 10-50 cm
100 m long Most are mafic-intermediate in composition and run roughly in

ection. A few felsic dykes cut almost all other units in a N-S direction,

ie Pigeon Island Unit which is exposed in only a relatively small area. In the

ctions, the emphasis is on the mafic-intermediate dykes and their relationship

ociated granitoid rocks.
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Mafic-intermediate dykes

Mafic-intermediate dykes are melanocratic and slightly to strongly pyroxene-
r plagioclase-phyric. They display a wide range of form and contact features against
yranitoid host rocks. These features are mainly controlled by the crystallinity and
)gy of the host rocks at the time of dyke injection (Pitcher and Berger, 1972).
distinct dyke types have been recognized in the study area. These are: a) cross-
g, b) synplutonic, and c) transitional dykes.

The cross-cutting dykes are intact, continuous (can be traced at least several
3) and show sharp contact fe~atures (Figure 4.5). They display characteristics which
injection of the dykes into a completely crystalline and relatively cooler host rock,
failed in a brittle fashion (Pitcher é.nd Berger, 1972; Pitcher 1991).

The synplutonic dykes are discontinuous, fragmented and display minor
ations and/or host rock back veining (Figure 4.6). They are not as well-defined as
‘oss-cutting types. Here, the term, "synplutonic" refers to the emplacement of
into partly crystallized host rocks in which the proportion of crystals was large
h to sustain a fracture. On the basis of the experimental studies and mathematical
s, brittle fracture can occur in magmas which are approximately 60 % crystallized
irney and Murase, 1984).

The transitional dykes have some characteristics of both cross-cutting and
aonic dykes. They are relatively continuous and free of dislocation and
entation, but they display irregular and sigmoidal contact features (Figure 4.7).
. dykes are internreted as emplaced into almost solid, slightly cooled host rocks.

All three types of dykes are found cutting the Wild Unit of the W-SCS. The
rraphy of thesc dykes i the order of intrusion is:

a) Synplutonic dykes. They contain up to 3-5 % plagioclase phenocyrsts (5-10 mm



3 axes) which are extensively zoned with sericitized cores. Their
triomorphic granular groundmass is composed of 40-45% plagioclase, 10%
rtz, 30% amphibole, 10-15% reddish-brown biotite, 5% magnetite and
ssory apatite.

"ransitional types. Although only recognized rarely, these dykes are pyroxene-
ric (up to 2-5 %) containing abundant orthopyroxene and minor clinopyroxene
nocrysts. Plagioclase (45 %), amphibole (40-45 %), pyroxene (5-10 %),
rtz (1-3%) and opaque phases (2-3) form a granular groundmass.
Cross-cutting dykes. They are plagioclase-pyroxene-phyric. Pyroxene
nocrysts (7-10%) including orthopyroxene and/or clinopyroxene (10-20 mm
neter) are totally or partly replaced by amphibole and exhibit complex reaction
onas. Plagioclase phenocrysts (3-5 %) are subhedral to euhedral (10-15 mm
3 axes) and strongly zoned. The groundmass contains 45% plagioclase, 5%
oxene, 30-35% green amphibole and 10% opaque phases (magnetite and
ite).

s important to realize that dyke injection is, in reality, continuous into a
:ly cooling host. The fact that these relationships are confined to a small area
largely precludes the possibility of significantly different host rock rheologies
nultaneously.

.ontrast to the W-SCS, the FS and TLS are always cut by cross-cutting dykes.
re, transion~’ dykes cutting the W-SC¢ recuine cross-cutting dykes when they

FS and/or TLS. These observations are consistent with the other observations

-SCS cuts the TLS and FS, and the U-Pb (zircon) ages (Chapter 5).
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1b

2 3a 3b
/4/ 7% g*
AN

juartzolite; The Fogo Suite
juartz-rich granitoid; )
kali feldspar granite; . The Wild-Sandy Cove Suite
fycnogranitc;

nonzogranite;

-anodiorite;

nalite;

quartz-alkali feldspar syenite;

lkali feldspar syenite;

quartz syenite;

enite;

quartz monozite;

lonozite;

quartz monzodiorite/quartz gabbro;
lonzodiorite/monzogabbro;

: quartz diorite/quartz gabbro/quartz anorthosite;
diorite/gabbro/anorthosite

z-alkali feldspar-plagioclase (Q-A-P) mesonorm diagram for granitoid rock:
lowing LeMaitre (1989) are shown in inset.



















































































































































































































































































































































































































































































































































