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component. This is the so called 'geomagnetic coast effect', first
reported by Parkinson (1959) and also observed by many others

(Everett and Hyndman, 1967; Schmucker, 1970; Cochrane and Wright, 1977;
Rikitake, 1966). This effect is usually attributed to the effects

of currents induced in the sea, but some results of theoretical
studies state that currents induced in the ocean alone cannot explain

this effect fully (Parkinson and Jones, 1979).

There are also other kinds of anomalies connected with the
conductive structures in the crust of the Earth. Porath and Dziewonski
(1971) reported anomalies associated with deep basins filled with
sedimentary rocks. Dyck and Garland (1969) gave a concept of current
concentration anomaly in a body of high conductivity which joins unknown
regions in which induction occurs. Edwardset al. (1971) reported
leakage from the deep ocean around British Isles. Law and Riddihough
(1971) suggested anomalies associated with geological boundaries marking
ancient plate margins. According to Gough (1973), 'in the crust

current concentration anomalies are the rule rather than exceptions’.

1.2 Geomagnetic induction studies in Newfoundland

Very few geomagnetic variation studies have been domne in
Newfoundland. Hyndman and Cochrane (1971) analyse two stations (St. John's
and Stephenville) and observe large coast effect at St.John's. Bailey
et al. (1974) also analyse two stations (Deer Lake and St. John's) and
report a similar type of coast effect at period 3870 sec. Systematic
studies in Newfoundland are described by Cochrane and Wright (1977) and

Wright and Cochrane (1980). The large coast effect observed in eastern






orogeny and overlain by mainly sedimentary rocks.

The Dunnage zone is recognized by mainly mafic volcanic
rocks with associated cherts, slates, greywackes and minor limestone
(Williams and King, 1977). As this zone is dominated by mafic volcanic
rocks and associated marine sediments locally overlying the ophiolite
suite, Williams (1979) interpretes the Dunnage zone as the vestiges

of a proto—Atlantic ocean, lapetus.

The rocks of the Dunnage zone are much less deformed in
comparison to nearby parts of the Humber and Gander zones. The eastern
margin of this zone is the Dunnage Melange which occupies a wide belt
consisting of a variety of volcanic and sedimentary blocks. The
Dunnage Melange and related rocks are interpreted as the site of an

oceanic trench and subduction (Kay, 1976; McKerrow and Cocks, 1977, 1978).

The eastern margin of the Dunnage zone includes a linear,
northeast trending belt of discontinuous mafic-ultramafic rocks
and these are overlain unconformably by conglomerates at the base of
a sequence of Caradocian (450-440 Ma) black shales and slates which are

a part of the Davidsville group (Williams and King, 1977).

The ultramafics of the Gander river ultramafic belt are
interpreted as being slices of oceanic crustal material similar to
that of the Dunnage zone to the west. Pajari and Currie (1978) have
considered this line as a zone of imbricate, obducted ophiolite slices

thrust over the Gander group. The Gander zone consists mainly of



pre-middle Ordovician rocks (Gander group) that are in most places
poly—-deformed and metamorphosed, thus resembling clastic rocks at

-he east margin of the Humber zone on the opposite side of the Iapetus.
The thick polydeformed sequence of the zone is interpreted as a prism
of sediment built up parallel to an existing shore line, the eastern
margin of Iapetus (Kennedy, 1976). The eastern boundary of the Gander
zone is drawn at the Dover fault which separates metamorphic rocks

to the west from late Precambrian sedimentary and volcanic rocks of

the Avalon zone to the east. The Dover fault is 300m-500m wide
mylonite zone formed by the mylonitization of rocks of both the Gander

and Avalon zones (Blackwood and Kennedy, 1975).

The Avalon zone consists mainly of thick sequences of late
Precambrian volcanic and sedimentary rocks locally overlain by Paleozoic
sediments with body and trace fossils characteristic of the Atlantic
realm. The Avalon zone and Dunnage zone are separated from each other
by the Gander zone and the Avalon zone did not directly face the Iapetus
ocean. Furthermore, the Avalon zone was a stable platform during the
Cambrian period when the generation and destruction of Iapetus was
most active. Geochemical analysis in this area shows that there is a
'definite increase in the average potassium content from west to east
across the Gander zone' (Strong et al., 1974). The plutons of the
eastern Avalon zone do not show this trend. This is interpreted by
Strong et al. (1974) as evidence for an eastward dipping descending
lithospheric slab (under the Avalon zone) related to the closure of

the Iapetus ocean.






In gravity surveys in the central and northeastern Newfoundland
(Miller and Deutsch, 1973, 1978; Weaver, 1967), the gravity signature
across the boundary of ITapetus is distinct. The gravity data show
a rapid transition from large positive anomalies associated with
oceanic crustal material to near zero or negative anomalies over
Gander zone. However, Miller and Weir (1982) observe an anomaly belt
having signs of denser, more magnetic body beneath the granites of
the Gander group east of the Gander River Ultramafic Belt. They
interpret this anomaly as obducted ophiolitic materials emplaced in the

continental rise prism represented by the Gander group sediments.

Wright and Cochrane (1980) and Cochrane and Wright (1977)
from geomagnetic studies across Newfoundland identified a zone of
high conductivity with the line of closure of the proto-Atlantic
ocean. Wright and Cochrane (1980) correlate this anomaly with a
remnant descending lithospheric slab embedded in the crust and upper
mantle. However, their analysis do not say anything about the true

direction of dip.

1.5 Conductivity values expected

According to geological and geophysical evidence (Strong et al.,
1974, Haworth et al., 1978;Haworth and Keen, 1979), eastern Newfoundland is
associated with geological boundaries marking ancient plate margins and
paleozoic subduction. Most continental type rocks are quite resistive at
the temperatures expected in the crust and upper mantle (Parkhomenko, 1967).

In metamorphic areas, conductivity anomalies may be associated with






dimensional structures and applied them to find the solution for the
one—dimensional case. Different methods of solutions of two-dimensional
models are reviewed and numerical solution via network synthesis

cechnique is discussed.

Chapter 3 describes the instrumentation and data acquisition
in the field. It also describes the method employed for calibrating

the induction coils.

Chapter 4 deals with the method of data reduction. It
includes the theoretical background for estimating the transfer function

and processing of the raw data.

In Chapter 5, the estimated transfer functions are interpreted
by plotting the induction and difference arrows. Difference transfer
functions are then modelled numerically using a two—dimensional

Earth-model.

Chapter 6 contains the summary and conclusions.
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ii) N-layered Isotropic half-space
In this model, the Earth is represented by a set of horizontal
layers each having a different conductivity. Equations (2-29) to (2-34)

are still valid for any layer. The solution in the m th layer is

given by

E = A,e_kmz + B em”

ym m m

H - — km (A e—kmz - B ekmz) Lz <z <zm

ym i_w].l_ m m > "m—1
o

Applying the boundary conditions at the interface z = 0,

A and remembering that only outgoing waves (Bm = ()

are permissible in the lowest layer (which is semi infinite), one
can find the unknown coefficients in terms of the known coefficient AO.
The solution is (Wait, 1962)

Bo - Po - Ql

T
Ao Po Q1

where

O
p -0 )1/2

and
+ P tanh(k h )
m m m
tanh(k h )
m m

Qm =P Qm+1
m P
m

Qi

An identical expression also exists for H-polarization case.

In this model also, there is no z- component of the magnetic
field. So, for the homogeneous one dimensional model, the anomalous
z magnetic field is zero and GDS method is not suitable for such

structures.



2.3 Two—-dimensional Earth model

Solutions for two dimensional Earth models are obtained
by solving differential equations (2-23) to (2-28) for appropriate
boundary conditions. Exact solutions of these equations are very
difficult to obtain. However, there are some analytical solutions for
relatively simple models. For example d'Erceville and Kunetz (1962)
and Weaver (1963) have solved ¥vertical fault problem; Rankin (1962)

has solved dyke and Geyer (1972) dipping bed.

Another method of solving two—~dimensional problems is the
method of approximate solutions. Approximate solutions are obtained
using numerical methods such as, the finite difference technique, the
finite element technique and the integral equation method. Much work
has been done on the induction effect in the ocean utilising these
techniques. 1In general, three types of geometrical shape of the ocean-
continent boundary are considered. In the first type, boundaries
within the conductor separate regions of different but uniform
conductivityg the second type considers the conductivity as a
continuously variable function of the spatial coordinates. The third
type of the ocean continent boundary is the ocean overlying a sloping
sea floor. This is known as the inclined fault problem. The theoretical
approach to this type of problem has been done by Neves (1957) and
Dosso (1966). Tatrallyay and Jones (1974) have solved the problem of
an asymetrical sloping contact ocean model for E-polarization using
a perturbation technique. Jones and Price (1970) solve a similar

problem for vertical edge. Lines et al. (1973) investigated the case
















































































































































































































































