















































































































































































































































































































































FIG 4-5: Theoretical Axial Direction Stabilities of
Second Folds (D2) Developed on Curving
Surfaces

Variations in attitudes of the surfaces on
which new folds are developed are developed
into the new folds (D2) as a variation of
axial directions. Where the axial directions
of the new folds make high angles with the
surfaces undergoing folding (which would be
the case with coaxial folding, Type III _
resultant interference pattern, FIG 5.5d) any
initial variation in the orientation in
surfaces being folded results in a change in
pitch of the fold equal to (FIG 5.5a) or less
(FIG 5.5b) than that of wvariation of the
initial surface. Thus the D2 fold axes, F2,
have a high axial direction stability. This
is the case in the study area. If the
initial angle between the axial surfaces of
new folds and surfaces being folded is small,
(FIG 5.5c) there will be a great variation in
axial direction. This style is not present in
the study area [modified from Ramsay,1967].
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proximately co-axial with the basement-cored antiform, are D2
features. Thus the segregation -of linear features from the
allochthon into D1 and D2 is plausible. Hence, by comparing
the plots of F2 for allochthon and for basement, the con-
clusion that the increased variance in allochthonous F2
orientations is due to pre existing recumbant F1 folds,
coaxial with F2, is a very likely one. It explains most of
the local structural data obtained; it agrees with the

current tectonic model for the area.

4.8 Synthesis

Three episodes of deformation have been documented in
the study area. The first episode occurred as a result of
east-west shortening and thrusting of allochthonous rift
deposits over the Slave Craton and Proterozoic cover. It
produced recumbent isoclinal folds with axial planar clea-
vage, isoclinal folds of bedding and cleavage and over-
rotated thrust folds.

It was noted earlier that some asymmetric D2 type
parasitic folds are found on the limbs of the D1 over-
rotated thrust folds. Rather than disprove previous inter-
pretations, it makes necessary the adoption of a continuous
east-west compressive deformation model (the Calderian
Orogeny), as opposed to discrete D1 and D2 events. This is
also made apparent by the occurrence of D1 isoclinal folds,
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some with axial planar cleavage, but others with folded
bedding and cleavage. Dl then, was a continuous deformation
within the Calderian Orogeny, with a transition of structural
styles with continued deformation. It graded continuously
into D2, with which it was coaxial. It should be more
appropriate therefore to talk in terms of early Calderian
deformation and late Calderian deformation.

By the late stages of the Calderian Orogeny, (D2),
thrusting had ceased and the basement and autochthonous cover
were folded into a large scale broad antiform. Evidence for
the completion of thrusting by this time is the way in which
the axial traces of the over-rotated thrust folds are folded
around the D2 antiform. In light of the previous discﬁssion
the time interval between the termination of thrusting and
commencement of "D2" folding was very small and was probably
not a discrete transition but a continuous one.

At this point it is useful to tie in the maximum
prograde metamorphic grade attained, with the structural
history. Aé previously noted, prograde metamorphic condi-
tions are thought to be pre D2 and éost D1. Evidence
suggests that the metamorphic culmination occurred immedia-
tely prior to the folding of the basement (late Calderian
deformation). This evidence includes;

(1) the (S1) schistosity was onced defined by elements of the
prograde metamorphic assemblages, as indicated by the
occurrence of faserkiesel.
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(2) the pretectonic {Plate 4.4A} and syntectonic growth of
garnets {Plate 4.5}, as indicated by inclusions in garnets
and the behaviour of S1 adjacent to these porphyroblasts,
suggests that metamorphic mineral growth (garnets etc., at
low to medium greenshist grgde followed by higher grade
muscovite, sillimanite etc. [Turner, 1980]) before and during
D1. Geobarometry and geothermonetry on garnets is very
useful in determining metamorphic history of a rock (v. St.
Onge, 1984c) but is beyond the scope of this thesis.
(3) the folding of faserkiesel pods in places by "D2" folds.
Since faserkiesel is thought to be a result of retrogression
from prograde sillimanite-K feldspar metamamorphic
éssemblages in the study area, then maximum prograde
metamorphism must have occurred prior to this D2 folding.
(4) the parallelism displayed by mineral lineations with
the F2 fold axes, implying that temperatures necessary for
the partial recrystallization and remobilization of these
minerals had just occurred (late D1)
(5) the parallelism of parasitic Fl1 folds on the over-
rotated D1 thrust folds with typical F2 orientations suggest-
ing a close temporal relationship between D1 and D2
(86) the fact that zonal type crenulation cleavage is observed
and coeval with D2; the more advanced discrete type is
absent. This suggests that induced strain was not high in D2,
perhaps a result of low metamorphic grades (lower than in
Pi}.
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FIG 4.6: Down Plunge Cross Section of Study Area

Post folding cross section showing
modification of D1 over-rotated thrust folds
by D2 basement folding. Line of section A-B
is shown in FIG 4.2.
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Thus the metamorphic characteristics can be correlated to
the structural history as presented. It complies to both
metamorphic and structural features in the study area and is
consistent with the regional model of emplacement of the hot
Hepburn Batholith suite in the allochthon coevel with
thrusting (D1). s

The last major deformational event, D3, was temporally
discrete from the first two. A completely different direc-
tion of compression is implied by the east-north-east
trending fold axes producing the regional "saddles" and

"culminations" in the basement. All earlier structural
elements located on the southern limb of this late cross
folds were rotated into a south westerly plunge accounting
for the map expression of the originally upright Exmouth
Antiform. The plunge of the southern limb of the cross fold
is interpreted to be 35°. Looking down the plunge of the
Exmouth Ahtiform, the 350 plunge has been removed in order
to visualize the structures in right (transverse) cross
section {FIG 4.6} [methodology from Mackin, 1950]. This
method assumes cylindrical folding, which, clearly is true
only to a first approximation. Despite this, the schematic
cross section displays reasonably the interpreted

macrostructures of the study area.
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HAPTER : CONCLUSIONS

Metamorphism in the allochthonous rocks above the
Exmouth Antiform in the Wopmay Orogen is Buchan type (low P)
in nature with muscovite-sillimanite and sillimanite-K
feldspar zones present in sequence. Metamorphic¢ conditions
in the study area may be classified as varying from medium
to high grade [Turner, 1980] or upper greenschist to lower
amphibolite. Metamorphic grade increases systematically
from east to west across the study area. Minimum pressure
and temperature estimated from the lowest grade assemblages
in the study area are on the order of 550°C and 2.1 Kbar.
Estimates from the higher grade assemblage suggest minimum
temperatures of 630°C and pressures of 1.7 Kbar. The
current tectonic model suggests a "hot side up"” metamorphic
gradient resulting in increased metamorphic grades with
decreasing depth. It is not possible to :esolve whether
metamorphic grades encountered in the study area are the
result of a "hot side up" metamorphic gra&ient or a normal
geothermal gradient. A larger study area would be necessary
to resolve this issue.

The first identifiable deformation event produced
significant crustal shortening by thrusting and associated
recumbent, isoclinal folding and over-rotated thrust folds.
An axial planar schistosity was produced during the early
stages of this deformation event. A second, roughly coaxial
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event folded both cover and basement at all scales of
observation. A significant layer parallel extension
occurred at this time. A late cross folding event provides
an obligque view through thé crust on a major D3 fold limb in
the study area. The structural relief of over 6 km so
provided allows the direct observation of the results of the
two preceding deformation events.

The deformation/metamorphic pathway determined
resembles other documented orogenic belts, such as the
Eastern Alps [Hoffman et al., 1986] and the Eastern Cape
Smith Beit, Quebec [Scott, 1986]; where crustal thickening
by thrusting (Dl1) leads to a thermal culmination. This is
followed by a coaxial folding event (D2) during cooling by
uplift and erosion. An overall westward transport is
suggested by allochthonous thrust geometry and lithology.

The observations and results of this study are consis-
tent with the current tectonic models proposed for the area
[King et al., 1987]. The metamorphic characteristics and
polyphase deformational characteristics describe those of a
hot allochthon being thrust above a cold basement with

continued compression.
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