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STMMARY

The characteristic magnetic signatures observed over the Turner
syncline can be explained on the basis of the measured magnetic properties
and the known geological structure. Successful modelling'of the BIFs
requires consideration of the following factors:

(i) The high intrinsic anisotropy of the BIFs. The induced
magnetisation can be separated into an isotropic component (which is
dominant for most rocks) and an anisotropic component (which is important
for BIFs). The dip dependence of the associated anomalies is quite
different for the two components and this explains some previously

enigmatic features of the observed anomalies.

(ii) The presence of a significant sub-horizontal remanence, which is
dominantly pre-folding in areas of low metamorphic grade but which appears
to be post—folding in the Turner syneline. The strike-dependence of the

effective Q is of crucial importance to correct interpretation.

Principles of interpretation are outlined and illustrated with
theoretical examples. Preliminary models for the SW,NW and SE limbs of

the Turner syncline are presented. These models point the way to detailed

interpretation of the magnetics over the syncline.

Various complications which may affect interpretation are
discussed. The effects of wvariable elevation (draping)} are clearly
evident in the data and we outline a method for modelling this. The
difference between measured anomalies (ABm) and the theoretical "total
field" anomaly (ABT), which is calculated by all published algorithms, is
stressed and we give a method for directly modelling the measured
anomaly. We find that the difference between the two quantities is
clearly detectable for the intense anomalies over BIFs, although the

general shape of the anomalies does not differ markedly.

We also discuss the effects of non—uniform demagnetising fields and
interactions between adjacent BIF units. We conclude that these
perturbations are relatively minor and do not justify the much greater

effort required for their computation. We also recommend modification of



modelling programs to allow bodies with variable strike, not orthogonal to
the profile, to be treated. This is essential for modelling a profile
over both limbs of the Turner syncline, particularly given the strike-

dependence of the contribution of remanence to the anomaly.

The palacomagnetic and petrophysical studies described in an earlier
report have provided the key to understanding the magnetic pattern over
the Turner syncline. The experience gained from detailed modelling of the
mapped structures should enable magnetics over buried structures to be

interpreted with much greater confidence.



1., INTRODUCTION

This study was prompted by the puzzling nature of the observed
magnetic anomalies over BIF units with known structure. The classical dip
dependence of anomaly shape was not observed for the north and south limbs
of the Turner and Brockman synclines, for instance. Failure to understand
the magnetic pattern over areas of known structure precludes use of
magnetics teo interpret the structure of buried units and greatly degrades
the utility of the aeromagnetic surveys as indicators of structural

settings which are thought to favour ore formation.

Resolution of this problem was hindered formerly by lack of knowledge
of the magnetic properties of the BIFs. This has been largely remedied by
the palaeomagnetic and petrophysical studies described in the Restricted
Investigation Report 1638R (Clark and Schmidt, 1986). With this
information and with suitable algorithms for calculating anomalies due to
remanently magnetised anisotropic 2D bodies considerable insight into the
observed magnetic signatures over the Turner syncline has been gained. We .
feel that rapid progress in understanding the magnetic response of the
BIFs will proceed from detailed modelling of anomalies over mapped
structures along the lines of the preliminary modelling which is described
below. Thisg should then allow the magnetics over other areas to be

interpreted with much greater confidence.

2. PRINCIPLES OF MODELLING

Although most of the principles noted here and in the next section
are either obvious or are well known from published work it is considered
useful to summarise them so they may be readily referred to during the
subsequent discussion. For the most part our attention is restricted to
bodies of great strike extent. Tectonic tilting is considered to have
occurred by rotation about strike i.e. we neglect fold axis plunge and

non-cylindrical folding.

(i) For 2D bodies the component of magnetisation directed along
strike makes no contribution to the anomaly. The component of

magnetisation in the orthogonal plane (the vertical plane containing the



principal profile) is hereafter referred to as the effective
magnetisation. The effective field is defined analogously. It follows
that a high Koenigsberger ratic does not necessarily imply a dominant

contribution of remanent magnetisation to the anomaly.

The effective ¢ is strike—dependent and in fact a strong sub-
horizontal remanence has negligible effect when directed along strike,

irrespective of any tectonic tilting.

(ii) The effective remanence may be divided into two categories: Pre-
folding components (such as early diagenetic CRM), which rotate with the
beds during folding, and post-folding components (e.g. VRM) which are
independent of bedding attitude (Clark, 1983 and Appendix I). The
magnetic expression of these two types of remanence is different. 1In a
given rock unit both types may be present. Metamorphic overprints may be
acquired either before or after folding. A remanence acquired A
syndeformationally causes a response equivalent to a complex rémanence
with pre-folding and post—-folding components. Strong anisotropy can

produce a similar result.

(iii) The effective induced magnetisation of a BIF may be divided into
an isotropic component equal to kiﬁeff and an anisotropic component which
is confined to the bedding plane and which has magnitude (k_-k|)F_, where
Eeff is the effective field and F_ is the component of the effective field
which lies in the bedding plane (i.e. the down—dip component of’f). This
is equivalent to dividing the susceptibility matrix K into an isotropic
compounent k T and an anisotropic component (K—k)T) which has an anisotropy
ratio of Infinity. The parameters k- and k| represent apparent
susceptibilities (i.e. they include the effects of self-demagnetisation of
the BIF unit as a whole) parallel and perpendicular to bedding

respectively.

(iv) The isotropic component of induced magnetisation is parallel to
the ambient field and its intensity is independent of bedding attitude.
The anisctropic component rotates with the beds i.e. it behaves similarly

to pre—folding remanence, but with the diffexrence that its intensity



varies with dip. As the beds tilt towards orthogonality with the
effective field the intensity of the anisotropic component decreases to

zero and, with further tilting, changes sign i.e. the direction reverses.

(v) The dip of a 2D sheet-like body of great depth extent cannot be
determined from its anomaly without knowledge of the direction of the
effective magnetisation. This is because of a fundamental ambiguity
between dip and the effective inclination of a 2D semi-infinite dipping
sheet with a flat top. Equivalent sheets, producing identical anomalies,
are characterised by a constant angle between the effective magnetisation
and the plane of the sheet and by a constant value of the product of the
effective magnetisation intensity and the orthogonal thickness (refer to
Fig. 1). This relationship may be expressed alternatively: as a dipping
sheet and its effective magnetisation rotate together the anomaly shape

remains unchanged and the anomaly amplitude varies as the sine of the dip.

(wvi) Points (ii) and (v) imply that the shape of the anomaly arising from
pre—-folding remanence is independent of the dip of the sheet. It follows that
if the effective magnetisation is overwhelmingly dominated by pre~folding

remanence the dip cannot be determined from the observed anomaly.

(vii) Points (iv) and (v) imply that the shape of the anomaly arising from
the induced magnetisation of a highly anisotropic unit essentially depends on
whether the dip (measured from the end of the principal profile closest to MN)
is shallower or steeper than the plane normal to the effective field (the sign
of the anomaly being opposite for the two cases). This point is illustrated
in Fig. 2. Thus if the effective Q is much less than unity the dip of a
highly anisotropic unit can only be interpreted as shallower or steeper than
this reference plane and cannot be quantitatively estimated. However, this

information may be quite useful in some circumstances.

(viii) From (ii), (iv) and (v) it follows that the anomaly arising from the
igsotropic induced component and post—-folding remanence (refer to Fig. 3 and
Fig. 4 respectively) is sensitive to dip. In favorable circumstances, given
knowledge of the post—folding remanence (obtained directly from sampling or
inferred from modelling mapped structures with varying strikes and dips), dips

can be interpreted from anomalies.



(ix) Magnetic anomalies are not very sensitive to the depth extent of a
body, provided it is several times the depth to the top plus the height of
the sensor. It is therefore reasonable to represent the limbs of most
synclines and anticlines by dipping sheets of infinite depth extent. The
parameters which can be interpreted from the anomalies are: the depth to
the top, the breadth of the top (provided it is comparable to or greater
than the depth plus sensor height) and (given knowledge of the

magﬁetisation) the dip or (given the dip) the effective magnetisation.

(x) Since the two limbs of a syncline are generally well separated
the anomalies associated with each limb are virtually independent and may
be interpreted separately, at least in a preliminary analysis. When a
horizontal unit with a stable remanence is folded to form a syncline the
two limbs represent opposite ends of the original horizontal sheet, for
“which the edge effect anomalies are opposite in sign. It follows from
this and point (vi) above that the anomaly associated with pre—-folding
remanence has opposite sign for the two limbs of a syncline. This is
illustrated in Fig. 5.

(xi) On the other hand anomalies due to anticlines are superpositions
of the anomalies due to adjacent 1limbs. This has some interesting
consequences. It can be easily shown from (v) that the anomaly arising
from a thin anticlinal bed (represented by two thin sheets) with isotropic
induced magnetisation + post—-folding remanence is identical to that
produced by a single thin sheet, with the same magnetisation direction,
which bisects the two limbs. For the same structure pre-folding remanence
produces no anomaly and anisotropic induced magnetisation produces a
relatively weak anomaly. As the thickness of the folded bed increases the
anomaly associated with pre-folding remanence becomes significant and
exhibits a distinective signature: an antisymmetric anomaly with reversed
polarity. These points are illustrated in Fig. 6 and Fig. 7. TFig. 8§
illustrates the ancmaly associated with anisotropic induced magnetisation
of a symmetrie anticline with an eroded crest for a range of dips of the

limbs.



3. COMPLICATING FACTORS

A number of possible complications, some applicable to the specific
enviromment (intense magnetisations and large anomalies) and some of more

general relevance to interpretation, were examined.

{xii) A1l published algorithms (e.g. the Talwani algorithms)} calculate
the "total field anomaly™ as the projection of the anomalous field vector
onto a fixed direction in space (the direction of the regional geomagnetic
field F). This is the quantity referred to as ABy by Emerson et al.
(1985). However "total field" magnetometers actually measure the
magnitude of the resultant magnetic field (the vector sum of the regional
geomagnetic field and the locai anomalous field). The magnitude of F is
then subtracted from the readings to obtain AB;, the measured total field

anomaly (refer to Appendix I).

AB_ and ABq differ because the direction of the resultant field
changes near a magnetic body. If the anomalous field represents a
significant perturbation of the geomagnetic field the two quantities may
differ markedly. The maximum error in approximating ABm by ABT is
r~ (AB)Z/ZF. Normally AB < 1000y, F = 50,000y so that the difference is
less than 1% of the anomaly, which is negligible. For an anomaly of

10,000y, however, the error is about 1000y (10%) and for a 20,000y anomaly
the two quantities differ by 20%.

It is clear that attempts to model the very strong anomalies ohserved
over BLFs by curve matching may produce significant errors if ABy is
calculated. There is a simple solution to this problem: ABm should be
calculated from the theoretical models and matched with observed

anomalies. The required procedure is straightforward and is outlined

below.

Emerson et al. (1985) presented formulae for a suite of magnetic
wodels including the 2D flat-topped dipping sheet and sloping step. An
arbitrary 2D body can be approximated by a body of polygonal cross—section
which can be regarded as a superposition of sloping steps (with

appropriate sign of the magnetisation). TFor convenlence these formulae



are given in Appendix I, together with diagrams and notation. The
formulae are general, allowing the computation of the anomalous field
component along an arbitrary direction. In particular explicit
expressions are given for AB,, ABy, AB, and ABgp (components along the
principal profile, along strike, vertically downwards and parallel to the

regional geomagnetic field respectively).
The magnitude of the local (perturbed) field, F', is given by:

v 2 2 2.1/2
F = [(FX + ABX) + (Fy + éBy) + (FZ + ABZ) ]

where FX = F cosf cosI, FY = F sinf cosl, Fz= F sinI.

The measured total field anomaly is then

Note that for a composite source Aeris not simply the superposition
of AB anomalies due to individual bodies. It must therefore he
m

calculated from the resultant anomaly components.

(xiii) Another consequence of the intense anomalies and high
susceptibilities associated with the BIFs is that the magnetisation of
homogeneous bodies 1is inhomogeneous because of a relatively strong, non-
uniform, self-demagnetising field, which may represent a significant
perturbation of the ambient field. Furthermore, anomalies arising from
composite bodies are not simply the superposition of the anomalies due to
the individual components, because of interactions between the
components. In effect, each body is sitting in a perturbed field which

nay differ markedly from the regional geomagnetic field.

Eskola and Tervo (1980) have treated this problem and numerous
calculations of anomalies due to highly magnetic composite bodies have
been presented in the workshop proceedings edited by Hjelt and Phokin
(1980). Calculation of the magnetisation and anomalous field requires
numerical solution of an integral equation. Thus rigorous treatment of
interactions in magnetics involves computation of similar nature to that

required for EM modelling.



It is clear from the published work that the effects of interactions
and inhomogenous demagnetising fields are negligible for susceptibilities
below 0.1 G/0e. Errors due to neglecting interactions between adjacent
bodies of susceptibility 0.1 - 0.2 G/Oe are only a few per cent of the
total anomaly amplitude and can therefore be ignored for most practical
purposes. Thus interactions between BIF units can be safely ignored.
Interactions are important, however, for massive magnetite deposits. The
first order demagnetisation correction, assuming a uniform demagnetising

field, is sufficiently accurate for the present purpose.

(xiv) It is usual in magnetic interpretation to assume a constant
sensor height. 1In practice, survey profiles are often "draped” over the

topographic relief in order to improve resolution of anomalies over

topographically low areas.

Draped surveys are commonly believed to suppress topographic effects
assoclated with magnetic terrain, but Grauch and Campbell (1984) have
shown that this is a fallacy. Although the topography of the Turner
syncline is not particularly rugged, it is conceivable that the observed
anomalies are distorted relative to those that would be measured at
constant elevation, given the highly magnetic nature of the hill crests,
which rise about 300m above the surrounding plain, and the fact that the
sensor probably is below the hill tops midway between the limbs. Although
crests are oxidised relative to fresh BIF, intensities of magnetisation

remain high and the crests cannot be ignored.

Given the location, elevation and terrain clearance from flight
records it is not difficult to model anomalies along the flight
profiles. We consider a profile consisting of a series of sloping linear
segments chosen to approximate the actual profile. As a model we take the
2D body of polygonal cross—section (MAGMOD X of Appendix TV). Let the jth
vertex of the piecewise linear profile have co-ordinates (Xj,Zj) and let

h

6j be the slope of the segment joining the jt and (j + 1)th vertices

{measured positive downwards from the horizontal line passing through

th

(Xj,Zj)). The co—ordinates of the i corner of the polygonal model are

(xi,zi) with respect to a horizontal profile passing through the

(arbitrary) origin (refer to Fig. Al). The co-ordinates with respect to

the jth segmént of the profile are then



1

X, . x'+ (X.- x%,) cos &, + (Z,- z,) sin §,
ij J b1 h| j 1 i

Z

L. - (x.-X.)sin 6, + (z,-Z )cos 8,
13 ( A J 1 J) ]

where &, = tan_l[(Z, =2 / (X, -X.)] and x' 1s the distance along the
h| jHo3 j+l ] 3

jth segment of the profile.

Substitution of the new co—ordinates into the formula for MAGMOD X
yields the theoretical anomaly along that segment of the profile. The
anomaly can be plotted as a function of the profile co-ordinate x' (the

total distance along the profile, measured from (xl,zl)),

where x' = x& + Z(Xk+1_xk)sec 6k (the summation being from k=1 to k=j-1).
Alternatively, if the flight records are on file the anomaly can be
calculated at successive points on the profile using the co-ordinates

directly.

(xv) Attempts to model the Turner syncline were complicated by the
différing strikes of the north and south limbg when they are intersected
by single profiles. It is therefore desirable to introduce flexibility
into the modelling of 2D bodies by allowing calculation of theoretical
anomalies along an arblitrary traverse, not restricted to be perpendicular
to strike. The correction is very straightforward: if O is the angle
between the traverse and Che prineipal profile a distance x along the

traverse corresponds to xcos O along the principal profile.

4. MODELLING THE TURNER SYNCLINE

Preliminary interpretation of the aeromagnetics over the Turner
syncline was aided by the information on the magnetic properties of the
BIFs, by the geological mapping, by a previous palaeomagnetic study by
Schmidt and Embleton (1985) and by mapping of the metamorphic grade
throughout the Hamersley basin by Smith et al. (1982).

The NRM of BIFs from areas of relatively low metamorphic grade can be
assumed to be pre—folding, with unfolded direction (dec = 314°, inc = -59), as

at Wittenoom and Paraburdoo. 1In areas of higher metamorphic grade, such as

10



the Turner syncline, it is possible that the NRM is predominantly a
metamorphic overprint of Ophthalmian age. This hypothesised post~folding
remanence 1is assumed to be parallel to the dominant overprint found in the Mt
Jope volcanics, which were deformed in the Ophthalmian orogeny. The overprint

direction is dec = 304°, inc = -19° (Schmidt and Embleton, 1985).

Modelling was used in an attempt to define the nature of the
remanence carried by the BIFs in the Turner symncline. Obviously
discrimination between the in situ directions of these magnetisations is
very difficult if either the beds are flat-lying or the strike of the fold
structures is approximately NW. A range of dips and strikes allows the
effects of tectonic tilting on remanence to be evaluated and distinguished

from the effects of induced magnetisation.

The most perplexing feature of the magnetics over the Turner syncline
is the occurrence of prominent highs over the northward dipping SW limb as
well as over the southward dipping NW limb. There is also a change of the
magnetic signature along strike, the highs being fairly broad and
symmetrical to the west, becoming more sharply peaked with very steep
gradients on the southern flank as we move eaStwards. Profiles 1310 and

1350 represent these two signatures respectively.

The qualitative similarity of the magnetic signatures over the NW and
SW limbs of the syncline is inconsistent with the effective magnetisaion
being dominated either by the isotropic induced component or by post-
folding remanence because of the strong dip—dependence of the anomaly
arising from such components (refer to (viii) above). 1In particular the
isotropic induced component would give rise to a symmetric high over the
northern limb and an antisymwmetric anomaly with a prominent low to the

south over the southern Iimbh.

Tf the effective magnetisation is dominated by pre-folding remanence
a signature similar to that shown In Fig. 5 would be observed, which is
clearly not the case. Thus by elimination the anomaly over the SW limb of
the syncline must be predominantly due to the anisotropic component of the
induced magnetisation. In this case the anomalies over the two limbs
should be broadly similar in form, but not in amplitude (refer te¢ point

(vii) above); as is actually observed.
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It therefore appears that the distinctive signature of the SW limb of
the Turner syncline reflects the high anisotropy of the BIFs and the fact
that the effective remanence (whether pre-folding, post-folding orx
composite) is small because the NRM is sub-parallel to the strike for this
limb. For limbs with different strike the remanence may make a
significant contribution (point (i) above). The anomaly amplitude is
sensitive to the dip and will even change sign for limbs with shallow dip
to the NE (point (vii) above). The ancmaly over the SW limb is lower than

for the southward dipping limb because F_ is smaller for the SW limb.

A model which produces an anomaly qualitatively resembling that
measured over the SW limb along profile 1310 as shown in Fig. 9. The
strike and dip are based on the mapped geology. Topography and profile
draping are ignored in this preliminary model.  The Brockman and Weeli
Wolli Formations are modelled as a single body because there is no
separation of their anomalies evident in the data. The anomaly maximﬁm is
about 7,500y and the difference between AB, and ABy is relatively small.
It can be seen that AB; has a less pronounced low to the south and this is
a general feature of predominently positive a?omalies. On the northern

flank of the anomaly high the anomalous field vector is sub-parallel to

the Earth's field and the difference is negligible.

Note that the theoretical anomaly remains positive to the north of .
the causative bodies. This is true of any model qualitatively resembling
that shown. However the measured anomaly drops below the regiomnal base
level between the limbs of the syneline. We conclude that the broad low
in the centre of the syncline is an artefact of the draping. This is
supported by modelling of the northern limb which demonstrates that the
apparent low is too extensive and too pronounced to be produced by the
same bodies that give rise to the symmetric highs over the northern
limb. The effect of draping over the southern 1limb is to steepen the
gradient on the southern flank of the magpetic high. Because of the lack
of information on the aircraft elevation we did not attempt to refine the

models to obtain close fits to the measured anomalies.

The anomaly for this model is not wvery sensitive to the intensity of

the remanence, but a high intrinsic anisotropy (~5) is required for the

12



more magnetic units (Brockman and Weeli Wolli formatioms). This
anisotropy is within the plausible range, but lies towards its upper

limit.

Assuming pre-folding remanence does not change the anomaly greatly
but does appear to slightly reduce the resemblance to the measured
profile, unless the dips are increased to about 809, which is
significantly steeper than the dips mapped at the surface. This suggests
that the NRM may be predominantly post-folding, but cannot be considered

definitive.

Modelling of the sharper, more intense anomalies along strike
requires all four BIFs to be treated as separate bodies bacause their
separate effects are evident in the anomalies. A preliminary model which
matches typical profiles (e.g. 1330 and 1400) quite well is shown in Fig.
10. The model could be refined by sub dividing the Brockman IF, as the
effects of the Dales Gorge and Joffre members are discernable in several
profiles (e.g. 1400 and 1411). Note that the modelled bodies are less
magnetic than individual BIFs because of the intervening shale units (and

mineralisation?)

The major differences between the models shown in Figs. 9 and 10 are
a topographic effect and a probable change in apparent magnetisation of
the Weeli Wolli formation along stike. The narrowness of the anomaly over
the Brockman IF and the steepness. of the gradients on its flanks imply
that the sensor height above the source is somewhat less than the nominal
terrain clearance of 200m. A good fit is obtained if it is assumed that
in this region the aircraft cleared the prominent ridge representing the
outcropping Brockman IF by only 100m. This seems plausible and should be
checked with flight records. Because the aircraft cannot follow the
terrain exactly the sensor height is likely to exceed the average terrain-
clearance immediately on either side of the ridge. This may account for
the decrease in response over the Weeli Wolli formation as the topographic
relief associated with the Brockman formation increases. It may also be
significant that the outcrop expression of the WWF disappears in-this
area, suggesting a greater thickness of cover. Thus the apparent change
in magnetic properties along strike may largely reflect géometry rather

than geology.
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A preliminary model for the NW limb is presented in Fig. 11. The
theoretical ancomaly does not match a particular profile but represents a
crude compromise between typical profiles such as 1270 and 1342. The dip
(50°8) 1is a compromise value because the mapped dips at the surface would
produce intersection of units at shallow depth if extrapolated to the
subsurface. Again no attempt was made to refine the model because
topography and flight path geometry are evident in the profile. The model
assumes post—folding remanence but differences between this model and omne
which assumes pre-folding remanence are slight, and are certainly not
diagnostic. This is because the effective remanences are not greatly

dissimilar for the particular strike and dip of this limb.

The theoretical profile shows greater separation of anomalies
associated with individual units than the observed profile, as well as an
apparent shift with respect to the outcrop distribution. Better agreement
would be obtained by displacing the sheets slightly and spacing them ﬁore
closely, which is compatible with the subsurface distribution inferred

from the mapped dips.

The anomalies over the SE limb of the syhcline are particularly
interesting because the change of strike with respect to the SW limb
highlights the strike dependence of the effective remanence. The
increased contribution of the remanence to the anomaly and the relative
shallowness of the dip combine to produce a signature which is completely

different to that of the SW limb.

Assuming am intrinsic anisotropy of 2-3 and a Koenigsberger ratio of
~1 and using the mapped dips of the Brockman and Boolgeda formations it is
found that magnetic lows are developed over the BIFs, as shown in Fig.

12. If the remanence is assumed to be pre—-folding the low is quite
symmetric whereas a post—folding remanence produces an asymmetric low with
a smaller high to the north. This latter anomaly qualitatively reproduces
the response ohserved over the Brockman formation quite well (e.g.
profiles 1580, 1600 and 1650), favouring the interpretation that the

remanence is post—folding.

The Marra Mamba formation lies off the section shown and the Weeli
Wolli formation only produces a small anomaly in this area, so these units

were omitted from the model. The reduced response of the Weeli Wolli
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formation may reflect deep weathering, as there 1s no outcrop mapped,

and/or inecreased sensor height due to draping.

Another qualitative feature of the magnetics over the Turner syneline
which can be explained by the magnetic properties i1s the pronounced high
over the western tip of the structure, which is much more pronounced than
the response over the eastern end. It is thought that this reflects the
positive poles induced on the western side of the structure by the NNW
directed remanence, enhancing the response due to positive poles induced
on the upper surface. In the east pegative poles are produced on the side
of the structure, partially counteracting the effect of positive poles on

the top surface.

The distinetive magnetic signatures found in different parts of the
syncline and their explanation in terms of geological structure, using the
knowledge gained from magnetic property measurements, demonstrates the
potential of the magnetics for structural interpretation in unmapped
areas. We therefore believe that this project can be regarding as highly
successful in its fundamental aim of aiding interpretation through

-

magnetic petrophysics.
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Appendix 1 Calculation of Anomalies due to Tilted Units, Effect of

Tectonie Tilting on Pre-folding Remanence

Consider cylindrical folding about a horizontal axis. The strike
direction closest to the horizontal projection of the remanence is
selected and the dip is then defined to be positive (negative) if this
strike direction goes from left to right (from right to let) as the

observer faces the rock unit. 1f the unit is overturned the dip is >90°.

If the remanence direction with respect to the palaechorizontal is

(D,1), its related direction (p', I') is given by
D' = tan-} [tan (D-STRIKE)cosDIP-tan I sec(D-STRIKE) sin DIP]

+ STRIKE
1t = sin~! [sin T cos DIP + cos I sin (D-STRIKE) sin DIP]

17



SCHEMATIC RELATIONSHIP BETWEEN MEASURED, TRUE AND CALCULAYED
TOTAL MAGHETIC INTENSITY ANOMALIES

Southern hemisphere fizlds depicted wilh negative inclination

+X {north)

“Zup) Eq

+Z
{down)
ABy = AB, Los 1+ A8, sio I (computed total fletd anomaly)
A8 - |E'I - |E| fmeasured total {ield anomaly}

- - T_ag 2

AEp = AB_ - afp CIAR|%-aR_ H2|E] |aR) ¢ L

& (= B) 13 the angle hetween the +X axis and the horlzontal prajection of the
field vectar {t,m,n)

b 4 W 3

I, |, K unlt vecturs parallel to X, ¥, ¥ axes respectively

L

{, m, n direction cosines. For B{F):l = H‘!|E+] no= Bvlik|, n o= le|a|

LT + mT + ok unit vector In direction {t,m.n)

AE local magnetic anomaly vector, perturbing £

E(?) regional or "normzi" magnetic field vector of Earth (constant aver limiced
reglon)

&' resultant {local) fleld = E + Aﬁ; with declinacion 0, inclinatlon I'

ﬁST component of A¥ aiong normal field #. This 1s the theoretical computed

anomaly. Usually ABT x.th
ABm measured residual total fleld anomaly {(scalar measurement of variatlen In

magnitude of resultant fleld}
ET departure of computed anomaly (ABT] {rom measured anomaly (nnm). Usually small

[1:) " horizontal projection of A% « true horizontal component of ancmalous fleld

ho

B, compenent of E(1 along reglonal magnetic meridian
HH' component of g along local anomalaus mapgnetic meridlan

nB“ camputed horizontal fleld angmaly = campanent of 4F aloag reglonal magnetlic

meridian
L3 L.
Mi"m measured horlzontal fleld anamaly AB“m Ry BH L AB i+ L

EH-(ABH? - ﬂBum?Jl?BH = By"ll-cos{D'-D)]. ODeparture ol computed from measured
horizontal anomalky
AB, true horlzontal anomaly companent along X axis = Bx‘ - Bx
Aﬂy ttue horlzontal anomaly componeat along Y axis = BV' - Bv
hor

- H 2%
A (a8 7+ t.By )

ﬁﬂz true vertical Intensity anomaly, measured anomaly « vertival compunent,




ADDITION OF MAGNETIZATION VECTORS

J:[J,0,1]

JIND

IR

INRM

Jinp [600,10%-70°]
INRM [1000,90° 0°]
I [n9s,79%-28°]

ANOMALOUS AB COMPONENTS IN YARIOUS DIRECTIONS
{(l,m,n: direction cosines)

Traverse +Xx

X(North)(100)
/1 B(F)(Lm.n)

Mag.North
Y (East)(0,1,0)

ERROR ARISING FROM ABy APPROXIMATING AB,

AB 10k¥ (890° to B)

—ABm (cf. ABT =0)
9908
B(F)
50 k& 5
50-99k3

MAXIMUM DIFFERENCE BETWEEN ABT AND ABp WHEN ABp=0

AB 11k




MAGNETIC MODELS
VII, VIII, IX

MAGNETIC MODEL

Mote direction cosines Lm,n {F, Earth’s {leid)} and
L.MN (g, rasultant magnetization) become ({,0,n)
and {L,O,N) In ptane of sectlion

VIl TwQ DIMENSIONAL THIN DIPPING SHEET (infinite or
finite [{hz-hy) cosec O] depth extent, infinite
strike extent}

SECTION PLAK
aperon F{lon) 2K \too
-X P ax
~uf oll
bl I.z -X :J x
M v S
j N k1 cosecD Pl .
Harizonial |[Magnelic
ha proizftion Horth
Ir
sec 0 du
7 ‘iconcD
v .
i dip
oo D tHoo

VIl TWO DIHEHSIONAL THICK DIPPING SHEET {Infinite ar
tinite depth extent. infinite strike extent)

SECTION F(f,O.ﬂ) PLAN T
U~ P
- — o

T
-bl I [.b
1 I
|
|

0 .
-K %
s
17 8.
A ] %

R . )
Horizontat Hagnetic
propection North
- -] 2b
IR dip

8] l.y

to intinity : {
oo

IX TwO DIMEMNSIGNAL SLOPING STEP (Infinite strike and
laterat axtent}

SECTION Fiton) PLAK
o
-X S U E X
h-b
h du becol O o
he b S oo "X — X
T A4 -
AL -
0 ;" } s ~
: o 4 M tic
4L . agne
Hur_tzor]!ﬂl Noeih
bcolD projeclion
Ir

o0




NOTATION (refer to MAGHOD diagrams and formulae)

0: origin of co—ordinates

X, ¥ X, Cartesian axes {right—handed)

S: surface area occupied by pole strength p (=ﬂR2 for plug radius R)

r: distance from fixed point of subsurface body to observation peoint,
r = (x2+y2+h2)1/2-

h: vertical depth to Fixed point of subsurface body

Y: half strike length (MAGMOD IIL)

X: half body width (MAGHMOD III)

B: bearing of magnetic north, measured positive clockwise from the + x
axis (the positive end of the principal profile).

BR: bearing of the horizontal projection of the resul tant magnetisation,
measured positive clockwise from the + x axis.

F: Earth's magnetic field vector, with magnitude |E‘=F, declination D
{or bearing B) and inclination I (positive downwards)

j: magnecisation (contrast) vector

k: magnetic susceptibility (contrast)

EEND: induced magnetisation vector

JIND = |3iND]' D, I: induced magnetisation magnitude, declination and
inclination {neglecting demagnetisation)

ENRM:. remanent magnetisation vector, uncorrected for demagnetisation

JNRH = |3&RM|'DNRM’ INRM: remanent magnetisation magnitude, declination,
inclination.

jk: resultant magnetisation vector, uncorrected for demagnetisation
(g = Jpup * Tnrwd -

JR = IIRlv Dp, Iyt resul tant magnetisation magnitude, declination, inclination

ER" resultant magnetisation vector, corrected for demagnetisation

J; = |$£", Dp', Ip': demagnetisatlon—corrected resultant

magnetisation magnitude, declination, inclination



ag:

magnetic pole strength
iine density of magnetic pole strength {pole strength per unit
length)

surface magnetic pole density (pole strength per unit area)

E = u{L,M,N): magnetic dipole moment with magnitude y and direction cosines

L,M,N. u =VJ, where V is the volume of the causative body

(= 4uRr3/3 if sphere) and J 1s magnetisation. wmagnitude.

EL = u(L,M,H): line density of magnetic dipole moment with magnitude u; and

4B = (BB

AB . :

g'l,ml ’n

2b:

, 4B

direction cosines L, M, N. uy, = AJ (A = cross section area of the
causative body).

g ABZ): anomalous magnetic field vector {(assumed small compared
to F for total field interpretation).

magnetic anomaly component along measurement direction with
direction cosines (&', m', n') 1 = z,x,y,H or T.

horizontal magnetic anomaly (component of AE parallel to horizontal
component of E). -

total field magnetic anomaly {(component of AB parallel to %)
direction cosines of F. {(2,m,n) = (cosBcosI, sinBcosI,sinl)
direction cosines of resultant magnetisation.

(L,M,N) = (cosBp coslp, sinBR coslp, sinIR)

dirvection cosines of measurement direction

(£',m",n') = (0,0,1) (1=2)
= (1,0,0) (1=x)
= (0,1,0) (1=y)
= (cosB,sinB,0) (1=1)

{(cosBcosI,sinficos!,sinl} (1=T)

(a) dip of thin or thick sheet measured downwards from -x axis
(b) dip of sloping step face measured downwards from -x axis
thickness of thin sheet

(a) breadcth of flat top of thick sheet

(b) vertical thickness of slab, away from sloplng step face



MAGMOD VI, VII Semi-infinite thin sheet

C7x+08h]
x2+h2

General formula: ABi = Jt [

i =4 A A A
B1 Bz, Bx’ By' BH ot ABT

C., = 2C,cosd+C_sind ; C, = -2C,sind+C _cosd

7 4 5 8 4 5
where CA‘ C5 are as for MAGMOD V
MAGMOD VIIL Semi~infinite thick sheet
xt+b 2+h2
General formula: 4B, = Jsind{(C7/2)Ln[i———l—”ﬁil
(x-b) +h

-1.xb

+ C8[tan_1(£ﬁg) —~tan { h )1}

4B = AB AR AB A AB
Bi Bz, Bx' g’ BH or BT

C;, Cg are as for MAGMOD VII

MAGMOD IX 2D slopling step

Lx—bcotD)2+(h—b)2
(x+bc0tD)2+(h+b)2

General formula: AR, = Jsind{(c7/2)£n[

1 ]

-1, x=b - b
+ C8[tan (x gotﬂ) —tan l(x+ EotD)]}

AB = AR 6B AB ,AB or AB
i Z X y H T

C7, CGg are as for MAGMOD VII

The response of finite dip extent or depth extent bodies is simply

obtained by subtraction of the response of two bodles with Infinite dip or

depth extent.



MAGMOD X 2D body with polygonal cross-section

Magnetic anomalies are calculated by superposition of MAGMOD IX fields for
N sloping steps. N vertices (xj,zj) are numbered in a clockwise sense from
an arbitrary starting point. The steps make a meguiive contribution for
increasing z and Peéttivt. contribution for decreasing z. The position of

the principal profile origin, x = 0, is arbicrary.

EQUATIONS (refer to MAGMOD IX; d = dip of step face)

2 A
(x_xj+1) +zj+1]
(x=x )+ z%

] J

j=1 to N-1: ABi = J sin dj{(C7/2)1n{

X-x7, X=X,
+cC [tan_l(———Jil) - tan 1(—__‘1)]}
8 z . z,
i+l J

(x—X1)2+Z%
i = N: ABi= Jsin dn{(cylz)ln [(x_x )2+Z 2]
N N
X—X X—x
+ Cg[tan_l( Z 1) ~tan " (= N)]}

z.  —zZ.
d, = can"l(ﬁ£i§;~l) for dy: 0%-90%; if d jnegacive, add 180° (i=1 to N-1)
j il

i - L —l(zl—zN
N an X —X
N 1

Jfor dN: 00—900; if dN negative, add 180¢



MAGMOD X
TWO DIMENSIONAL BODY WITH POLYGONAL CROSS-SECTION

Worked example MAGMOD X
{arbitra

-x x=0 position +X TN MN IND. F=58,0007 (nT)
* J=kF =587

I=-65°
D=11°

NRM. Jygy =100
INRM=50°
DNRM=125°

RES. Jpgg =516

k=0-001 TReS = 62:8°

(%4,Z4)

N ~f—

(Xg.Zg)

taZdl Des= 533°
N vertices:[xj.zj) _ SW SE RES

N=7 here

Schematic PLAN

ELEVATION (locking south west)

S.E -400m -200m x=0 +200m +400m W

= +X
» &
I100m

y (0,200) —z=200m

Ll

9

2
&

Remanently magnetised
two dimensional asymmetric
folded horizon
N=7

~ z=500m

(~200,600)
(400, 700) ¢

(300,3000) ° — Z=1000m




GEOMETRY OF DRAPED PROFILE
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FIG.A1






Fig. 1 . Equivalent dipping sheets which produce an identical anomaly.
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Fig. 2 . Anomaly due to the anisotropic component of induced

magnetisation.




ANISOTROPIC DIPPING SHEETS (A= ,Q=0)




Fig.

3

Anomaly due to the isotropic component of induced

magnetisation.
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Fig. 4 . Anomaly due to post-folding remanence.
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Fig. 5 . Anomaly due to pre -folding remanence over a syncline.




SYNCLINE WITH PRE -FOLDING REMANENCE (k=0)
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Fig. 6. Anomalies associated with pre- folding and post-folding

remanences over a thin antielinal bed.
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Fig. 7. Anomalies due to pre—folding and post-folding remanences over a

thick anticlinal bed.
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Fig. 8 ' Anomaly due to anisotropic component of induced magnetisation

over an anticline.




ANTICLINE WITH ERODED CREST (A=«,Q=0)




Fig. 9 Preliminary model for SW limb of Turner syncline (cf profile

1310) .
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Fig. 10 Preliminary model for SW limb of Turmer syncline (cf prefiles

1350 and 1400).
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Fig.

11

Preliminary model for the NW limb of the Turner syncline (cf

profiles 1270 and 1342).
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TURNER SYNCLINE

(NW LIMB)

F
Strike = 270°
Dip = 50° Post-folding remanence
|m l_m __ _!! ll_
4 5 6
(km)
k_ Ky
003 001
004 001
WW 1000 003 00!
Bool. 1000 003 0O



Fig. 12 Preliminary model for the SE limb of the Turner syncline (ef
profiles 1580, 1600 and 1650).
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