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Abstract

Magnetostratigraphy and Tectonic Rotation in South Wales

by Dedi Setiabudidaya

This project has two facets. Firstly, it has aimed to establish the lower boundary
of the ' Permo-Carboniferous reversed superchron by studying the
magnetostratigraphy of Westphalian A sediments in the Coal Mecasures of South
Wales. Secondly, an attempt has been made to detect rotations in this zone at the
junction of the Caledonian (Acadian) and Variscan orogenic belts by studying
both the palacomagnetism of Westphalian A and the Old Red Sandstone
scdiments in the area. For this purpose, rocks were sampled from each major block
scparated by major Variscan structures.

The Natural Remanent Magnetisations (NRMs) of 332 specimens from the
Westphalian A rocks were measured and 239 spccimens were subjected to stepwise
thermal demagnetisation. The NRM intensities of these specimens were so low
that the first objective of this project could not be fulfilled satisfactorily. Ilence,
interpretation of the results is limited to contributing to and,or refining the present
polarity time scale for this age from the British Isles and northwestern Europe as
proposed by Palmer and others (1985). From this study it can be concluded that
the Westphalian A sediments from South Wales were magnetised in a field of re-
versed polarity. The remancnce is carricd by magnetite and acquired uaring
diagenesis at a time later than deposition of these rocks but is Carboniferous in
age.

Since the magnetisation of the Old Red Sandstones is syn-deformational, a tech-
nique has been developed for presenting the result of grouping palacomagnetic
directions from fold limbs at all stages of unfoiding. This method requires pre-
dicted palaecomagnetic dircctions which can be derived either from adjoining hori-
zontal and undeformed strata or from an established Apparent Polar Wander Path
(APWP) for the area being investigated. The mean palacomagnetic direction with
the highest k-value within a certain band of the expected values is considered as
the acceptable one. The mecan palacomagnetic dircction can cnable the fold ge-
ometry to be recovered at the time of magnetisation when the time of remanence
acquisition can be inferred from other evidence.

Four hundreds and fifty three specimens from the Old Red Sandstones were sub-
jected to stepwise thermal demagnetisation up to 700°C.  All specimens proved to
be partially or completely remagnetised during Permo-Carboniferous times and the
remanence is carried by haematite. This secondary component was acquired at
different stages of folding at diiferent localitics. This indicates that either the
remagnctisation or the deformation took place over a time interval. Small popu-
lations of high blocking temperature components which are not Permo-
Carboniferous in origin were resolved. These higher temperature components were
found to be preserved mostly in the northeastern area. No confirmation was ob-
tained for the supposed Devonian components reported by ecarlier workers in the
southwest where it is inferred that Permo-Carboniferous overprinting has been
comprehensive.

It was also observed that the more westerly localities have progressively more
westerly-directed palaeomagnetic directions. This phenomenon is explained in
terms of regional tectonic rotation since acquisition of the overprinted remanence.
Studies of Anisotropy of Magnetic Susceptibility (AMS) in these sediments iden-
tify a rotation in the same sense and show that the magnitude of this parameter
is too small to appreciably influence the magnetic remanence direction.
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CHAPTER 1 INTRODUCTION

1.1 The Aim of the Rescarch

The initial aim of this rescarch was to dctect rotations resuiting from the
Variscan orogeny within the South Wales main coalfield using
palacomagnctic techniques. It subscquently evolved into three projects

which developed from one project into another as the rescarch progressed.

The first project was undertaken as part of a comprchensive investigation
of the South Wales coalfield initiated by the University of Cardiff and deals
with the rﬁagnctostratigraphy of thc Westphalian A sediments from South
Wales. Normal and mixed polarities within the Westphalian A interval re-
. corded within from Britissh Upper Carboniferous rocks were reported by
some earlier workers (Belshé, 1957 and Titman, 1971). By studying the
magnetostrétigréphy of these sediments from South Wales, it was hoped

that :

1. the results would refine the present polarity time scale for this age (see,

for example, Palmer and others, 1985). |

2. the directional results from these rocks would detect any block rotations

within the South Wales main coalfield.




Preliminary results showed that the NRMs (Natural Remanent
Magnetisations) in thcse sediments were very weak. However, a combina-
tion of palacomagnetic and rock magnetic studies of these rocks has shown
that they have a diagenetic remanence originating later in Carboniferous

times.

The dispersion of the palacomagnetic dircctions in these rocks made it al-
most impossible to detect any kind of rotation accurately. Also, the diffi-
culty of finding suitable outcrops in the western area of the basin led on to
the second project, the palacomagnetic study of the Old Red Sandstone
(ORS) scdiments. There are threc basic rcasons why these red beds were

chosen for investigation.

1. Theif NRM intensities are usually well-above the noise level of the

spinner magnetometers cmployed routinely in this study.
2. Red beds are known to be good recorders of the ancient magnetic ficld.

3. The composition of the remanence and the tectonic significance of the
results are in dispute and recogniscd to require further investigation. In
addition, since these rocks are older than the Westphalian A, they
should record the integrated effect of the rotations influencing the

Carboniferous rocks.

The ﬁalacomagnctism of the ORS has been studied by scveral workers
(Creer, 1957; Chamalaun and Creer, 1964; McClelland-Brown, 1983;
Channell and others, 1991). It is generally agreed that thc ORS sediments
were largely remagnetised during Permo-Carboniferous times. In other
wbrds, although the age of the rock is Devonian, the palacomagnetic direc-

tion records a palaeofield mostly representative of Permo-Carboniferous




times. By studying these rocks palacomagnetically, it was hoped that any
movement/rotation within the main basin at least since the acquisition of
this secondary magnetisation could be detected. The above references also
report variable recovery of a Lower Devonian component of magnetisation
and if this componcnt could be recovered throughout South Wales, it would
be an indicator of rotations across this rcgion sincc Decvonian times. It is
known from the -carlier studics that these red beds are stable
palaeomagnetically with a resolvable component structure and that their
NRMs are mostly well-above the noise level of the Molspin spinner
magnctometers. chcc, any rotation of more than a few degrees can be de-
tected palacomagnctically. A systematic sampling was thercfore carried out
in which each major block, separated by major Variscan structures, was

sampled.

In the event, some samples from the Brecon/Abergavenny area showed two
components: a lower an.d higher blocking temperature component. The di-
rccti{;ns of the higher temperature components proved to be different to
those reported by McClelland-Brown (1983) and Chamalaun and Creer
(1964). It was therefore considered necessary to re-sample the rocks from.
southern Pembrokeshire both to evaluate the cause of the differences and
to endeavour to resolve rotations across the full outcrop in South Wales.
Other magnetic properties like the IRM (Isothermal Remanent
Magnetisation) and the AMS (Anisotropy of Magnetic Susceptibility) could

then be compared from both areas.

Since some of the magnetisation in the ORS may be syn-folding

(McClelland-Brown, 1983, also called “syn-deformational magnetisation”),
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the appiication of the classic fold test based on two gcometrics (in situ and
fully unfolded, e.g. McElhinny, 1964; McFadden and Jones, 1981) is not
entircly appropriate to the analysis. Van der Pluijm (1987) suggested that a
stepwise unfolding (c.g. 10% intervals) should be employed routinely rather
than onc-step (100%) unfolding in palacomagnetic studies since it would
cnable the possibility that sccondary magnctisations were acquircd during
the straining and porc fluid migration occurring during the folding to be
identified. However, it has been reported by some workers (e.g. Hudson and
others, 1989) t_hat the palacomagnetic direction derived from the highest
k-value during unfolding (partial tilt correction) does not conform to the
predicted ancicent ficld value. Hence techniques of progressive -unfolding
snould not be used to the exclusion of the application of the classical fold
test. As a third facet of this project, a simple visual display (two dimen-
sional) of the application of progressive unfolding has been developed and
it 1s applicd to the palacomagnetic studies in parallel with the convcntidnal

(onc dimensional) palacomagnetic fold test.

" In summary, there were three major aims of this investigation. The first
attempted to rcfine the present magnctostratigraphy of Westphalian A
times for the British Isles and north-western Europe and compare it with
that pi'oposcd by Palmer and others (1985), but it led on to a more general
- rock magnetic/palacomagnetic study of these rocks. The second was to de-
tect any block movement/rotation in South Wales based on palacomagnetic
studies of the secondary and possible primary magnetisations and magnetic
fabrics of the Old Red Sandstones. The third was to develop a simple visual

(two dimensional) mecthod for displaying the results of progressively un-
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folding palacomagnetic directions and comparing the results with the con-

ventional (one dimensional) fold test.

1.2 The Outline of the Thesis

The basic palacomagnetic techniques used in the experimental work are
described in Chapter 2. The (two dimensional) visual method for pre-

senting the results of progressive unfolding is given in section 2.7.1.

Chapter 3 describes the palacomagnetism of the ORS and section 3.4.2
describes the results of fold tests on specimens from Locality 1
(Llanthony, Group 1), Locality 9 (Llanstcphan, Group 2), Locality 10
(Freshwater East, Group 3) and Locality 11 (Freshwater West, “3roup
3). " The mean palacomagnctic directions for Group Vl (the
Brecon/Abergavenny ar'ea), Grqup 2 (the Carmarthen area) and Group

3 (the southern Pembrokeshire) are presented in section 3.5.

The magnetostratigraphy of the Westphalian A rocks is discussed in
Chapter 4. Previous results and their reliability are discussed in section

4.1.2.

Chapter 5 is a brief summary of previous chapters and provides some

suggestions for future work.




CHAPTER 2 BASIC PALAEOMAGNETISM

2.1 Introduction

Although magnetism is a very old science, palacomagnctism, the study of
the magnetism in rocks, became a science on its own only during the early
1950’s. Due to the development of a sensitive magnctometer by Lord
Blackett, the direction and intensity of the magnetisations in very weak rock
samples could be mcasured. At that time the continental drift hypothesis
was still a controversial topic and Earth scientists were divided into
“drifters”, the supporter of the hypothesis, and “non-drifters” who were
against it; the latter dominated the Earth Science community at that time.
Howé:vcr, rescarch around the world conducted using this new sciéncc dur-
ing the 1960’s and 1970’s produced findings which were in the drifters’ side.
MSince then palacomagnetism has developed in sophistication and its appli-

cation in Earth Scicnces is now enormous.

Palacbmégnctism is the study of the fossil magnetism in naturally-produced
- materials. It is a means of investigating the history of the gcomagnetic field
over the geological time-scale (McElhinny, 1973). Press and Siever (1986)
define palacomagnetism as the science of the reconstruction of the Earth’s
ancient magnetic field and the positioning of the continent from the evi-

dence of the remanent magnetisation in rocks. From the definitions above ,
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there are two common things that are essential in palacomagnetism; the ex-
istence of Earth’s magnetic field and the ability of rocks to acquire remanent
magnctisation. Although it has only been widely accepted in the present
century that the origin of the Earth’s magnetic field resides in the liquid
outer corc and probably originates in a sclf-sustaining dynamo, the cffect

of the field itsclf has been studied scientifically since the sixteenth century.

2.2 Earth’s Magnetic Ficld

The Earth’s magnetic ficld is a vector quantity and has a magnitude and
direction. The field is commonly represented in terms of a Declination
(Dec), Inclination (Inc) and the magnitude; the latter quantity is the Inten-
sity (F). Declination is the angle between the ficld, on the horizontal plane,
and the geographic north. Inclination is the angle of dip of the field from the
horizontal plane measured positive down and negative up. A cartesian co-
ordinate system can also be used to describe the field. The ficld is resolved
into fhe North (X), East (Y) and Down (Z) componcnts (sce Figure 2.1).
Both representations are extensively used by palacomagnetists and
| geomagnetists in presenting and analysing the Earth’s magnetic field. The
transformation from the cartesian coordinate to polar coordinate is given
below.
X = F cos (Dcc) cos (Inc)
Y = F sin (Dec) cos (Inc)
Z = F sin (Inc)
or
| F2 = X%+ Y2+ 72

tan (Dec) = Y/ X




Figure 2.1 Relationship of the geomagnetic clements. The geomagnetic field at any point on
the Earth’s surface can be described by three parameters either in orthogonal or polar coor-

dinates.

North(X)

—> East (Y)

pown (Z)




sin(Inc) =Z/F

About 90% of the magnetic ficld on the Earth’s surface can be described
in term of a dipole ficld source. The remaining part of the field is referred
as the “non-dipole ficld” (Merrill and McElhinny, 1983). Both the dipole
and non-dipole parts of the Earth’s magnectic ficld change with time. If the
dipole is placed at the centre of the Earth and aligned to the axis of rotation,
the model is called an axial geocentric dipole model. The magnetic pattern
on the surface of the Earth associated with the dipole hés three character-
istics (in SI units) :

I. Intensity (F) = (n M /4nR?) /(1 +3 sin*)A) in Tesla (T)

2. Inclination (Inc) = tan"! (2 tan A)

3. Declination (Dec) = 0° (by definition)
where

n, = permeability of free space (henry/m)

A = latitude (°)

R = radius of the Earth ( m ), and

M =' magnctic moment of the dipole (A.m?)
The axial geocentric dipole assumption for ancient Earth’s magnetic field is

widely used in interpreting palacomagnctic data. For example, shallow in-

clinations found in Upper Carboniferous rocks from Britain have been in-

terpreted to mean that during Late Carboniferous times Britain was located
near to the equator. The abundance of coal seams in the Upper
Carboniferous rocks of the kind linked to tropical swamp environments

seems to support the view.




The validity of the axial geocentric dipole assumption can be tested in se-
veral ways. For example, the inclinations observed in scdiments dcposited
during the last few million ycars are very close to those expected for an axial
geocentric dipole. In addition, palacomagnctic poles from igncous rocks for
the last 25 million years, when platec movemecnts were too small to have
-caused major dispersion, are grouped around the Earth’s rotational axis
(Tarling, 1983). For older times, the consistency of palacomagnetic poles
from magnctisations of the same age for rocks sampled from different lo-
cations within a rigid contincntal block provides cvidence that the dipole
assumption used in calculating the poles (sec section 2.7.2) is correct. The
simple relationship between inclination and latitude in the axial gcocentric
dipole m‘odcl (scc above) has also been tested. Extensive Mcesozoic
palacomagnetic studics in northwest Africa and in southern Africa showed
that the paiacolatitude difference between both regions is close to their an-
gular great circle distance (Merrill and McElhinny, 1983; Piper, 1987).
Evans (1976) showed that the distribution of magnetic inclinations in the

Phanerozoic palacomagnetic data is close to that predicted by a dipole

source and is less compatible with more complex source models.

More recently, Piper and Grant (1989) reexamined the distribution of the
' magnc.ti.c inclinations in the global palacomagnctic data from Cenozoic to
- Archean times compiled up to mid 1987. The amount of the data they an-
alysed was ten times more than the amount of data analysed by Evans in
1976 and they were able to evaluate the data through time windows. These
aufhors concluded that the axial dipole assumption is reliably valid for most

of the geological times except during Palaeozoic times. They referred the
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anomalous Palaeozoic inclination distribution to the effects of

remagnetisation during Late Palacozoic times.

It has been mentioned carlier that the dipole and the non-dipole parts of
the Earth’s magnetic ficld change with time. Variations in the field have a
time scale ranging from milliscconds to millions of years. Medium scale
variations with periods of 10? - le“ years are called geomagnetic secular
variations. Thesc are likely to be recorded by geological cvents such as
volcanic eruptions and rapid sedimentation. In order that the Earth’s
magnctic ficld approximates to the axial geocentric dipole 'assumptibn uscd
to derive a long term representation of the ancient field, the secular vari-

ations have to be averaged out over 10% years or more.

From palacomagnetic studies, it has been found that the polarity of the
Earth’s magnetic ficld has changed from a normal to rcversed polarity or
vice ;’crsa frequently over most of gecological times. These inversions of po-
. larity usually reckoned tc take place over an interval of 5000 - 10,000 years
while intervals of constant polarity have lasted for periods of 100,000 years
to 70 million years or more. This phenomenon is kﬁown as the geomagnetic
ficld reversal. By convention, the polarity of the prescnt Earth’s magnetic
1ﬁeld is vnormal. At the present time, the N-secking of a compass nezdle
points towards geographical north. If the Earth’s magnetic field is in a re-
versed polarity state, the N-seeking of the compass would point south. It is
geherally believed that the assumption of a geocentric dipole source is not

valid during polarity transitions.
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2.3 Magnetisation in Rocks

The other property which is essential in palaecomagnetism is the
magnetisation in rocks. The permanent magnetisation is termed the Natural
Remanent Magnetisation (NRM). Since the natural process by which this
magnetisation is acquired in rocks may vafy, other specific terms are also
used to accommodate -thc ways in which NRM is acquired. Thc NRM of
igneous rocks is com-monly a TRM (Thermo Remanent Magnetisation). In
these cases, the rocks acquire magnetism when their constituent magnetic
minerals are cooled through their Curic temperature in the ambient
geomagnetic field. The magnetisation acquired by the inagnetic mineral then
become “frozen” and the thermal energies at lower temperatures are not
strong enough to destrc;y the magnetiéation. In other words, the
magnctisation has become “blocked” as the temperature falls. A TRM is
generally acauired over the whole ‘temperature range from the Curie tem-
perature down to ambient temperatures and is the sum of each partial TRM

/

(pTRM) acquired over a temperature interval.

'vThe NRM of sedimentary rocks may be a DRM (Detrital/Depositional

Remanent  Magnetisation) and/or CRM (Chemical Remanent
- Magnetisation). DRM is acquired during deposition of magnetic particles

~as a sediment. Due to the ambicnt magnetic field, these particles align

themselves to the di‘rqction of the field during their passage through the fluid
medium. Hence, smaller particles for which the counteracting gravitational
force is least are then most likely to have their magnetic directions parallel
to’ the field. The DRM usually represents the primary magnetisation since

it reflects the palaeofield at the time when the rock was formed. However,
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grain alignment is likely to be modified during subsequent dewatering and
lithification of the sediment. This produces a Post-Depositional Detrital
Remanent Magnetisation (PDDRM). The inclination error (shallowing the
palacomagnetic direction of sediments towards the horizontal plane) only
occur with DRM (Piper, 1987) and it is rare in natural sediments (Tarling,
1983). In contrast, the CRM is acquired somctime after the rock formation
by growth of magnctic mincrals in the ambicnt ficld well below their Curie
temperatures. A new magnetic minerai in rocks is either a product of pre-
cipitation from solutions, or of interaction between fluids and solids to
produce alteration of existing minerals. The magnctisation of the new min-
eral is aligned with the ambient magnetic ficld when the grains have grown
to a certain critical volume and the rock acquires a CRM. Changes in the
ambient magnetic fields m%ty not be strong enough to deflect or to (iestroy
the magnetisation. It is not uncommon for rocks to have two kinds of
remanence. For example, the NRM of red beds often consists of a DRM,
which is primary, and a CRM which is secondary. The DRM is carried by

detrital specularite and the CRM by pigments or authigenic grains (Dunlop,

1972 ; Collinson, 1983). Specularites (> 1 ym) and pigments (< 1 um) are

haematite with different forms. However, Walker and others (1981) suggest

that red beds may have a more complex classification (at least six forms of

 haematite) based on petrographic studies.

Whatever the process by which rocks acquire magnetism (TRM,
DRM/PDDRM or C‘RM), the time'required by the magnetic grains in the
rocks to achieve equilibrium with the ambient field (the relaxation time) is
usﬁally very long. This is the reason why the remanence is very. stable and

may not change for millions or even billions of years.
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The response of material to magnetic fields is classified as diamagnetic,
paramagnetic and ferromagnetic. The term magnetic mineral is usually ap-
plied to ferromagnetic phases, the only ones which can retain a remanence
after the causative field is removed. The effect of external ficlds on
diamagnetic and paramagnetic substances is reversible and the
magne_tisétion is lost when the external field is removed. In contrast,
ferremagnctic materials will rctain the magnetisation when the external field
is removed and the cffect of the external ficld on the materials is irreversible.
Ferromagnetic substances are divided furthcr into ferromagnetic,
antiferromagnetic, ferrimagnetic and canted antiferromagnetic substances.
This classification is based on the arrangement of the magnetic moments of
the ions (see Figure 2.2). Domain theory is used to explain magnetism in
ferromagnetic materials. A:‘vmagnetic grain is normally divided into smaller
volumes called domains so that within a domain, the magnetisation is uni-
form. If the magnetic grain is exp‘osed to an external magnetic ﬁeld, the
domain with magnetisation parallel to the external ficld will grow at the
expense of the other domains. This movement of the domain wall is usually
| _not reversible and the :nagnetic grain will retain the remanence with or
without the presence of an external field. If the volume of the magnetic
grain is so small that it is incapable of subdivision, it is single domained.
“ Since a single domain grain does not have a domain wall, the response of
the grain to the external field will be determined by the orientation of the

i grain with respect to this field.

Most magnetic minerals in rocks can be classified into iron oxides, iron
sulphides and iron hydroxides. The most important of these three groups is

the iron oxides. Magnetite (Fe,O,) and haematite (aFe,O,) are common
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Flgm 22 Arrangement of magnetic moments in ferromagnetic (a), antiferromagnetic (b),

ferrimagnetic (c) and canted antiferromagnctic (d) matesials. Only antiferromagnetic material
(b) exhibits zero spontancous magnetisation.
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examples of iron oxides. Magnetite is a very common magnetic mineral and
has strong magnetic properties. Magnetite is ferrirﬁagnetic and its satu-
ratioﬁ magnetisation (single domain magnetite) is ~480 k A/m. The satu-
ration is achieved in ficlds below | T (Tesla). In nature, magnetite can be
found in single or multi domain forms whercas haematite has a much larger
domain size and usually occurs in single domains. Haematite is canted
ahtiferromagnctic with a saturation magnctiéation of ~2.5 k A/m and
needs higher fields (> 1 T) to saturate. Also the coercivity of haematite is
generally much higher than the coercivity of magnetite. The coercivity is the
applied magnetic field required to reduce the remanence to zero. Owing to
its high coercivity, AF (Alternating Field) demagnctisations are not very
successful in dealing with hacmatitc-bearing sediments. However, thermal
demagnetisation usually works very well for both minerals. The decay
curves (intensity versus temperature) are different and identify the un-
blocking temperature spectrum of the minerals holding the remanence. The
unblocking temperature is the temperature at which the relaxation time of
. particles carrying the NRM is reduced to a period of time comparable to the
experiment (say the hold time at an elevated temperature) and their con-
tribution to the NRM of the rocks is subtracted. The unblocking temper-
| ature i's’mostly above 600° for haematite and the remanence of this mineral
_may not be fully unblocked to 630° - 720°C. It is below 580° for magneiite.
Above these tempe‘rzlltures ferromagnetic materials become paramagnetic.
Although it is commonly assumed that the magnetisation with the highest
uriblocking temperature is the primary magnetisation, this is not always the

case. The term “primary” and “secondary” should not be used to assign the
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time of the remanence acquisition to the time of formation unless this can

be estéb-lished by an unambiguous test.

2.4 Sampling

There are two basic methods of sampiing consolidated rocks for
palacomagnetic study: block sampling and core sampling. In block sampl-
ing, a piece of rock is removed from an outcrop. The volume of the sample

is about the same as a thick pocket book and a surface is chosen as flat as

possible. Before removal, a strike line and a dip direction are marked on the

flat surface. The bearing of the striké line is recorded as well as the name
of the sample, the dip, the bedding correction (the tilt and direction of tilt
of the bed where the sampile comes from, in the case of sedimentary rocks)
together with the location. :Using a chisel and a hammer, the sample is re-
moved from the outcrop. Sample collection is rapid and can be done by one
person. The equipment used is quite simple, a magnetic/sun compass, a

’

chisel, a hammer, a note book, a pen (or pencil) and a waterproof marker.

' ’There are some disadvantages to block sampling. More work and time will
be spent in the iaboratory for sample preparation including re-orientation
~and drilling. Before drilling, the sample is set up using plaster of Paris. The
flat surface is placed horizontal. A few lines parallel to the strike line are
idrawn and also th?' dip marked on each new line. Usually, 5 cores were
drilled from each sample in this study. Then, a line representing the north
is drawn along each core using a diamond scriber. Each core is given a lab-
}or/atory number and the top and bottom of the core are distinguished. This

re-orientation is one of several drawbacks of using the block sampling tech-

17




nique because it adds to the orientation errors. Another disadvantage is the
large weight and volume of the samples taken from the ficld to the labora-
tory. Finally, there is a restriction on a piece of rocks which can be sampled.
The piece must be loose or easy to remove using a chisel and a hammer from
the rest of the outcrop. The possibility that the sample comes from the

weathered part of the rock is therefore very high.

In core sampling, cores of 1 inch in diameter (and usuall'y about 5 cm long)
are drilled in the ficld. During the drilling, coolant water is pumped through
the drill in order to keep the temperature low and wash out the rock dust.
The drilling usually takes a few minutes depending on the hardness of the
rocks. The core is oriented in situ using a sun/magnetic compass and
clinometer before it is takén out. Some disadvantages of using the core
sampling technique are that the operation needs two people and the equip-
ment is bulky; a coolantzwater tank, a petrol tank, several drills and two or
three drilling machines besides the standard equipments used in block sam-
pling; also various extraction tools are needed to recover the core (or bits)
from the hole. More time is therefore spent in thg field work. However, the
advantages make this technique moré prefergble to block sampling. There
" is less restriction on the material that can be sampled. Cores can be drilled
~from the interior of joint blocks remote from weathering. The weight and

the ,Qolume of the rloc.:ks taken from the exposure are very small. Less time

is needed in sample preparation in the laboratory. There is no re-orientation
of | the sample which makes the orientation of core sampling more reliable
than block sampling.

18




The terms Locality, Site, Sample and Specimen are mostly adapted from
Tarling (1983). A specimen refers to a core which has been trimmed into a
standard size (usually 1 inch in diameter and in Ievngth). Specimens are de-
rived from samples. A sample is a piece of rock which is individually ori-
ented in the field. In core sampling, most specimens are identical to samples.
In block sampling it was common to have five specimens from one block
sample in this study. A collection of samples is termed a site. At the séme
site (for éxafnple, samples faken from the same bed or stratigraphic level in
sedimentary 'rocks) it is usually assumed that the 'samples have been
magnetised at the same time. In block sampling, samples are usually iden-
tical to sites although more than one block may be collected. Sites are

grouped into localities. A locality typically covers a few kilometre squares.

2.5 Magnetometer

2.5.1 The Spinner Magnetometer

As in a generator, an alternating voltage will be generated if a magnetised
_sample rotates continuously within or near a coil or fluxgate system (the
sensor). The amplitude of the output voltage is proportional to the compo-
nent of magnetic moment of the sample which is perpendicular to the rota-
tion axis. The phase of the voltage is used to relate the direction of the
) component to a reference direction in the sample. This is the basic principle

“of a spinner magnetometer.

In a “Molspin” spinner magnetometer, a circular fluxgate sensor surrounds
the rotating sample and a computer is used to manipulate the output. The

alternating output from the sensor for each cycle is fed to an ADC (Analog
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to Digital Converter) and is defined by 128 twelve-bit numbers proportional
to the amplitude of the output waveform at approximately 3° intervals.
Each number related to each interval is added for each complete revolution.
This number proportional to the mean amplitude of each interval is then
analysed by the computer using Fourier analysis. The results are printed out
on the screen and/or the printer and the data are saved in a diskette. In the
Gceomagnetism 'Laboratory, Dcpartmcnt of Earth Scicnces, University of
Liverpool, the data from the diskette are sent to a database in the Univer-
sity mainframe computer. The lowest NRM that can be measured by this
magnetometer is within the region of ~10E-8 A.m?*/kg. When measuring
samples with intensities close to this region, the average of several measure-
ments for each sample must be made to improve the signal = noise ratio for
a greater accuracy. This tz{kes a longer time for the measurement of each
sample than the normal procedure which is usually done with single meas-

uremernts.
2.5.2 The SQUID Magnetometer

‘In contrast, the SQUID (Superconducting Quantum Interference Detector)
magnetometer is a more sophisticated and complex instrument and it is also
‘much more expensive. The magnetometer is also. known as a cryogenic
i'm'algnetometer since the sensor (the SQUID detectors and pick-up coils)
.works in a very low‘tgmperature environment created by liquid helium. The
basic principle of the magnetometer is to detect extremely small current
changes in a superconducting ring due to changes in its external field. When
thé ring is in the superconductive state, the ring inhibits any magnetic flux

within the ring by creating an opposed magnetic field. This phenomenon is
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known as the Meissner effect. A typical noise level of a SQUID
~ magnetometer is about 10E-11 A.m?/kg. However, the fluctuation of the
external field (e.g. the Earth’s magnetic field) also affects the sensitivity of
the magnetometer (Collinson, 1983). A low field cage housing the
magnetometer will possibly improve the sensitivity. One of four SQUID
magnetometers in the Geomagnetism Laboratory is located inside a low
ficld cage. The sensitivity of the magnctometer is about 10 times more than
that of a MOLSPIN spinner magnetorﬁeter. Some very weak samples which
could not be measured with the spinner were able to be measured with the

SQUID magnetometer with a certain accuracy.

2.6 Thermal Demagnetisation

AF (Alternating Field) aﬁd thermal demagnetisations are the two basic
magnetic cleanings which ére routinely used in palaeomagnetic analysis.
The principle of the magnetic cleaning is to recover the component structure
of tfle NRM. Since thermal demagnetisation is commonly applied to
sediments which comprise the material of this study, the technique will be
| discussed in this section. It has often been reported that thermal
_demagnetisatio‘n ‘is able to isolate the high blocking temperature component
from red beds samples including the study areas relevant to this investi-
gation. Chamalaun (1963,1964) was one of the first workers to use thermal
'@ demagnetisation on‘rled beds. He suggested that the technique was able to
vsuccessfully isolate the primary from the secondary component in these
rocks. McClelland-Brown (1983) reported the recovery of a primary
Dévonian component from South Wales Old Red Sandstones. She employed

thermal demagnetisation techniques and claimed to have isolated the pri-
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mary from an overprint overwhelmingly of Permo-Carboniferous age. Quite
recently, Channell and others (1991) found that their Old Red Sandstone
samples from central South Wales showed two resolvable magnetisation
components whén they were subjcctéd to stepwise thermal demagnetisation.
Probably one of the best examplcs of the effective application of thermal
demagnetisation is concerned with the controversial topic of the base of the
Permo-Carboniferous superchron which was solved by thermal
demagnetisation studies (Miller and Opdyke, 1985). McMahon and
Strangway (1968) reported normal polarities within Colorado red beds and
proposed the youngest normal horizon as thvc base of the superchron. How-
ever, the re-examination by Miller and Opdyke using thermal
demagnetisation techniques féilcd to find the normal zones. They suggeSted
that the AF demagnetisatién carried out by previous workers had been un-
able to subtract a secondary component from a primary component of re-

versed polarity.

The;e are two major reasons for applying stepwise thermal demagnetisation
to palacomagnetic samples :

| 1. to test for the stébility of the remanence.

2. to recerr the components comprising the NRM.

- However, exposing é specimen to a higher temperature will increase the
i probability 6f chemical changes and/or the acquisition a TRM (Thermo
‘ Remanent Magneti‘sation) during cooling. This will obscure the existing
NRM, if the purpose of the experiment is to measure the remaining NRM
after heating vto‘ that temperature. In order to eliminate this unwanted
mégnetisation, it is necessary to cancel any external magnetic ficld affecting

the specimen. For example, a combination of a low field cage and a good
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thermal demagnetiser like those used in ‘the Geomagnetism Laboratory is
required to suppress the external magnetic field (e.g. Earth’s magnetic field
which is of the order of tens of micro T (Tesla)). This system reduces the
ambient field to a few hundred nano T within the cage and down to < 10
nano T inside the oven. Using this system, the specimen is exposed to a very

low magnctic field throughout the thermal trcatment.

2.7 Data Analysis

There are two standard ways of representing progressive demagnetisation
data : directions may be plotted on a circular equal area or stereographic
plot and the total vector may be plotted on an orthogonal plot (Zijderveld
plot). At specimen level, the orthogonal plot gives information about the
directionalﬁ changes as \x;ell as the changes in intensity during the
demagnetisation treatment. From the plot each component of the NRM can
be rcvgaled if their spectra are not similar. In contrast, the circular plot
WhiClll shows the changes in direction orily, is more difficult to interpret es-
pecially if twd components with similar directions are present. If the NRM
'6f the specimen consists of one component only both plots are simple to in-
terpret. In the ci.r‘cular plot, the data will gather closely around the NRM
direction, and in the orthogonal plot the data wili fall in a straight line
E converging from the NRM value to the origin of the plot (usually the noise
ilevel'of the magnetop;eter). If the NRM is resistant td change or close to the
noise level, the orthogonal plot is more difficult to interpret since no linear
segments can be defined. In this case use can be made of the circular plot

with a lower level of confidence on the assumption that the NRM consists

of one component only.
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To determine a mean from a collection of palacomagnetic directions the
Fisher statistics are applied (named after Sir Ronald Fisher who published
the theory of these statistics in 1953). Actually, the method can be used for
any kiﬁd of data representing points on a sphere. Two parameters in this
statistical system are widely used in palacomagnetism : the precision pa-
rameter k and the alpha-95. The precision parameter k is a measure of how
well grouped the directions are. It measures from 0 for a random dis‘rib-
ution to infinity for perfect grouping (no dispersion). The élbha-% is the
radius of 95 percent confidence of the cone with its origin at the centre of
the sphere. In other words, there is a 95% probability that the mean lics

within @° of the calculated mean.

In Fisher statistics, the priobability distribution for points on a sphere can
be described by

P ~ e(k cosg)
where ¢ is the angle between a point and the true mean and K is the preci-

’

sion parameter.

To calculate the mean of N magnetisation directions, one should
-transform declination (D) and inclination (I) of each direction into its
cosine direction.
- X;= cos D, cos I,
y;= sin D, cos I,
i

z,= sin [,
-find the resultant, R, where

R?= (¥x)* + (Xy)? + (Tz)?
-For k >3, the precision parameter is of the form
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k= (N-D/(N-R)
-The mean declination (D) and inclination (I ) are given by

tanD_ = Yy, / YX

sinl =%z /R
-The estimate of the confidence in this direction can be found by calculat-
ing alpha-95.

(") sy = 1-[(N-RYRI[QO)VIN-D -]

L

It is not appropriate to use Fisher statistics to find a mean at specimen level
if the NRM of the specimen consists of two components or more. The
components must first be isolated and the statistics applied to each compo-
nent in turn. In this study, component directions were determined by pick-
ing (by eye andjor by coinparing the alpha-95 values) the straight line
segments from the orthogonal plots of the thermal demagnetisation data
and using principal component anaiysis (Kirschvink, 1980; Sherwood, 1989)
to compute the component directions. These featurcs can be found in the

PLOTCORE program.

The PLOTCORE program available in the library disk of the Department
of Earth Sciences, University of Liverpool, is a sophisticated program and
easy to run. The program analyses demagnetisation -data df a specimen

taken directly from the database in a mainframe. _

[ .
There are three basic calculations which can be made and visually dis-
played by the PLOTCORE program; The intensity plot, circular plot and

orthogonal plot. The demagnetisation data are shown on a screen of a ter-

minal (usually graphic) and by pressing the return key on the keyboatd the !
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data from each demagnetisation step will be placed in rejected or accepted
status. Then the plots will appear on the screen based on the accepted data.
Although only one plot appears on the screen each time, four plots (e.g. the
intensity', circular and two orthogonal plots) can be drawn out.on the plotter
for a hard copy. Examples of these are illustrated in Chapters 3 and 4. This
enables each. specimen to be studied comprehensively and the consistency

of specimen behaviour within a site to be fully evaluated.
2.7.1 Fold Test

A number of palaeomagnetic field tests can be applied to evaluate the age
of a remanence with respect to geological events. They comprise the fold,
contact, conglomerate andi unconformity tests (Piper, 1987). Of these only
the fold test could be routinely applied in this study. A fold can be used for
the study of the age of a remanence which can then be dated relative to the
time, of deformation (Graham,1949). The ideal fold for application of this
test-should have a horizontal axis and be as orthogonal to (and therefore
‘sensitive to) the bearing of the palacomagnetic direction as possible. If the
axis is not horizontal (i.e. the fold plunges) the in situ palacomagnetic di-
rection must be corrected for the plunge before applying the fold/tilt-test.
' Actually both corrections are commutative. The plunge correction is a ro-
~ tation about a horizontal axis and therefore only affects the declinations.
MacDonald (1980)‘ ;l)o\ilnted out that tilt/fold correction may be incorrect if
the plunge is the resultant of more than one deforrﬁation or if small scale
bl,ock'rotat‘ions have taken place between sites. Sometimes the optimum

grouping of magnetisations is obtained when tilt is only partially adjusted
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for and it may then be possible to link the remanence directly to the defor-

mation event (e.g. McClelland-Brown, 1983).

McElhinny (1964) proposed a statistical test in employing the Graham's
fold test. The null hypothesis of the McElhinny test is that the value k; and
ky are drawn from the same popuiation; where kj and k, are the estimates
of the precision parameter before and after adjusting for the tilt. The ratio
of K5/k; has the F distribution with Z(N-l) degrees of freedom and N is the
number of directions of magnetisation fmvolved in the test. If the null hy-
pothesis has only 5 percent significance (or less), the hypothesis can rea-
sonably be rejected at 95 percent (or more) level of confidence. For a simple
application of the fold test, McElhinny tabulated values of ky/k; at which
the fold test is signiﬁcant%for various N values. To use the test one can
simply compare their ratio ‘of ky/k{ with the value in the table. If the ratio
ky/ky is gréater than this value, then the improvement of the groupiﬁg with
tilt adjustment is signiﬁcarft at the 95 percent confidence level. The 99 per-
cent /conﬁdence level can also be tested for using McElhinny’s test. In this

study, the F distributior values can be generated by calling a statistical
function in the NAG FORTRAN Library in the university mainframe (the

function is called GO1CBF).

McFédden and Jones (1981) pointed out that the McElhinny test is invalid

in statistical terms because it assumes implicitly that the overall population
L

of the magnetisations involved in the test has a Fisherian distribution which

is not always the case; in particular, if it is the case before tilt adjustment,

it will not generally be the case after adjustment. McFadden and Jones ar-

gued that even if the overall population is Fisherian, k{ and k5 derived from
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the population are not independent as they should be. They gave an alter- ,
native formulation of the test accommodating this problem. Their revised
test shows that the McElhinny test is actually too stringent. In other words,
the absence of a significant fold test after applying the simple McElhinny
test does not necessarily mean that the remanence is not pre-folding. Facer
(1983) also showed that a simple tilt test applied by rotating the
palacomagnetic direction about the present strike of beds is often lﬂS.lffi-
cient because the beds will often undergo internal straining during defor-
mation. More information about the style of the fold is necessary, especially
when the result of the fold test is negative. It was also acknowledged that
the remanence carried by CRMs (secondary) may not be affected in the

same way as DRMs.

In applying a fold (or tilt) fest, palacomagnetic directions are corrected for
plunging ﬁrst if all the plunging is reckoned to postdate the tilting. The
plunge correction is a rotation about a horizontal axis orthogonal to the fold
axis. lThe bedding correction is also a rotation about a horizontal axis which
in this case is parallel to *he strike of the bed. MacDonald (1980) suggested
tvhat the tilt correction may be incorrect even when all rotations have taken
place Vabout horizontal axes. This can happen since they may be the result-
ants of several separate motions and because corrections may not be applied

in the order which they actually occurred. The result is to produce an in-

‘creased scatter in declination relative to inclination.

Successive tectonic events, such as a folding and faulting, reorient rock
masses repeatedly during orogeny. These reorientations are equivalent to

* sequential rotations and can be combined into a single equivalent rotation,
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which is called a net tectonic rotation (MacDonald, 1980). The net tectonic
rotation is defined as the single equivalent rotation which rotates a rock
mass from its initial depositional orientation to its present deformed orien-
tation. The épparent tectonic rotation is a net tectonic rotation followed by
a tilt/bedding correction. This apparent tectonic rotation results in a
declination anomaly. However, it may be difficult to demonstrate that a fold
test in palacomagnetism always produces a declination anomaly. The plunge
correction usually affects the declination and if the scatter is increased then
it can be concluded that the plunge was already there when the rock ac-
quired its magnetism. If the plunge correction does not have an effect on
the k precision parameter and the discrepancy of the declinations is signif-
icant, some cxplanation for the discrepancy must be sought (e.g. localised
rotations). In this situatié‘n the bedding correction will always give a

declination anomaly since it only averages the scatter of declinations.

If rocks acquire a remanence during folding (ie. a syn-folding
magnetisation), the fold test can be presented by a graph showing the re-
"lationship between the k values and the stages of unfolding (partial tilt cor-
rection; sce Figure 2.3a). This stepwise unfolding has been applied to
document syn-folding magnetisation (e.g. McClelland-Brown, 1983;
' Schwaftz and Van der Voo, 1984). Van der Pluijm (1987) suggested that in
_palacomagnetic studies a stepwise unfolding" (e.g. 10% steps) should be
performed routinel;' rather than one-step (}00%) unfolding. Since it is
possible that secbndary magnetisation may be acquired during the first few
pefcent of folding, a pre-folding origin may be erroneously concluded.

Nowadays it is common to carry out a stepwise unfolding in palaecomagnetic
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Figure 2.3 Partial tilt correction in a fold test (¢ f Figure 2.4 and 2.5).

(a) Onc dimensional fold test (usual fold test) where both limbs of a fold are unfolded si-
multancously. The k-valucs above the broken line (k2) pass the McElhinny test (k2/kt) at
'95% confidence level.

(b) Two dimcnsional fold test (this study) where both limbs of a fold arc unfolded separately.
(x + b) and (x-b) arc the upper and lower limit of the expected inclination (x).
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investigations (e.g. Torsvik and others, 1989; Storetvedt and others, 1990;

Burmester and others, 1990).

In a stepwise unfoiding a pcak may be found where the value of k attains
a maximum value. Some authors (e.g. Miller and Kent, 1986; Burmester
and others, 1990) have introdﬁced statistics which are equivalent to the
McElhinny test. They compare the k values relative to the kK maximum and
use the logarithmic scale of k in order that the 95% level of confidence can
be drawn. Any Kk values falling within the k maximum and the k at 95%
level of confidence can be used to determine the mean palacomagnetic di-
rections from both limbs of a fold. It is implicit in this method that the k
maximum has passed the McElhinny test. This is not always the case. If the
k maximum does not pass the McElhinny test (i.e. the test is negative), this
method may give an unrealistic level of confidence in which all stages of
unfolding (including the in situ) may fall within the interval. Since this k
maximum may also be altered after plunge correction (if the fold is plung-
ing),/it is appropriate to compare the k values in incremental untilting to a
fixed k value. In present study, the k values are being compared to the k
value at th-e in situ configuration (the only one which is unchanged after
plunge correction) as in the original McElhinny test instcad of the k maxi-
mum. The k valucs above Kj;i¢ (or ko, see Figure 2.3a) at which the nuil
hypothesis of the McElhinny test cannot be rejected at 95% level of confi-
. dence are conside‘rgd to be statiSii;:ally justifiable for deriving the
palaeomagnetic directions. It can be shown in this study (see CHAPTER
3) that k; is sometimes higher than the maximum k. It may then be possible

that either the test is too stringent as in the pre-folding case (cf McFadden

and Jones, 1981) or the remanence is post-folding (or acquired before the
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folding was fully completed). In this case, the k will be plotted automatically
on a logarithmic scale so that the k curve can still be seen clearly although
the value of ks is much higher than the k maximum. The value of k5 could
be lowered by application the statistics suggested by McFadden and Jones
(1981). This is not considc_red in this thesis (cf Li and others, 1989) because
the author has a strong fecling that a more important problem arising in a
such fold test is that the derived palacomagnetic direction sometimes davi-
ates from the cxpected palacofield direction. In this study, although the k
maximum is lower than ko (the McElhinny test is negative), the derivation
of the paléeomagnetic dircction based on this maximum k-value is assumed

to be justifiable.

It is not.always clear that the palacomagnetic direction derived from this -
maximum Kk refers to a true‘ palacomagnetic ficld. For example, Hudson and
others (1989) reported a palacomagnetic direction derived from the highest
k value which did not coincide with the expected palacbmagnetic direction
for tfle area they were investigating. They suggested that derivation of the
palaecomagnetic direction from the highest k value was incorrect in this case.

| in the present study thislone dimensional fold test where both limbs of a
fold are unfolded simultaneously has been expanded into a two dimensional
fold test where each limb is unfolded separately (sce Figure 2.3b). The
maximum k value derived from this new method is usually different to, and
- higher than, that derived from the one-dimensional method. The aim of this -
analysis is to evaluate whefher the highest k obtained by this new method
also gives “unexpected’ palaeomagnetic directions and to try to solve the

prbblem by introducing the predicted palaeoficld into the fold test as a

constraint. In other words, the geometry of the fold at the time of
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remanence acquisition is being determined not only by the highest k value

but also by the assumed palacofield direction.

In the one-dimensional fold test it is possible to have 50 stages of unfolding
(2% steps) in the present analysis. There are 51 values of the k paramcter
which corrcspond with 51 configurations of both limbs of the fold from the
in situ position to the horizontal. At cach stage of unfolding (cxcept the
horizontal) the ratio of the dip of onc limb to the other is kept constant. In
the new method, where each limb is unfolded indc_pcndchtly, there are 2601
values of the k paramecter for the same stages of unfolding (2% stéps). Since
this involves a large amount of dimcensional data , contouring techniques arc
uscd to present them. The contour usually has onc maximum although
sometimes two maxima resiiult. Since the palacomagnetic direction derived
from the maximum k valué does not neccssarily reflect ihe palacoficld, the
expected pélaeomagnetic direction must be determined from an independent
source; for example, the palacomagnetic direction from adjoining horizontal
and /undeformed strata or from the established APWP (Apparent Polar

Wander Path, sce section 2.7.2) for the area being investigated. For the sake

of simplicity, only the expected inclination (x) with the upper (x+b) and

lower (x-b) limits (these values usually form straight lines on the contour

will be shown
plot; Figure 2.3b))/sz will guide the program in finding the highest k value

within the range of the expected palacomagnetic directions. A listing of the
program, called theJF,OLDCONT program, with a brief explanation is given
in APPENDIX C. Three mcan palacomagnetic directions are calculated
by this method. The first is derived from the two-dimensional maximum k
vélue,_ the second is from the highest k value within the range of the ex-

pected palaeomagnetic direction and the third is from the usual one-
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dimensional maximum k value. Also, the F distribution value (the ratio of
ky/K1), Ky, kp and kg are presented for the McElhinny test where Ky, ko
and kjy represent k-parameters before the tilt adjustment (in situ), at 95
percent limit and after fully unfolded respectively. One of the advantages
of using this new method is that no restrictions are placed on the orientation
of each limb during the acquisition of the sccondary magnetisation. This
means that it is possible to rclate stages of .unfolding to the gcometry of a

fold at the time of remagnetisation.

The FOLDCONT program is tested using a set of dummy data. Let a
palaeofield direction Dec/Inc = 190°/0° be taken as the prcdicted
palacomagnetic dircction; this is typical of the ficld direction in the study
area of this thesis during Pi;rmo-Carboniferous times. Rocks on both limbs
of a fold in an area located somewhere in South Wales recorded this
palacofield during folding. At that time (~ 290 My, see Table 3.2),the limb
1 and limb 2 were between a quarter and fully folded. The field and the
labor/atory measurement data are shown in Table C-1, APPENDIX C. For
the sake of clarity, the magnetic directions were dispersed slightly so that the
maximum k value was lowered to a value typically found in real data. These
data imply that the fold was more symmetric when the remagnetisation oc-
curred. Figure 2.4 shows the relationship between the mean inclinations and
unfold.ing stages of each limb. It can be seen clearly that each possible in-
. clination value is reP;esented by a unique straight line. Hence, the position
of the expected palaeofield inclination (0°, located between contour lines
-2.90 and 2.79) on the contour is fixed. If both limbs of the fold are unfolded
sirhultaneously, the mean inclinations will have a profile which js similar to

the cross section of Figure 2.4 along the diagonal line from points (0,0) to
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(100,100) % unfolding. Whatever the distribution of k-parameter is, the
mean inclination derived from the usual fola test will fall within a range of
-2° and -20°. In other words, the result may deviate from the predicted
palacoficld direction. The nearest value (-2°) is achicved if the maximum
k-parameter lics near to the intersection point between the diagonal line énd
the inclination line of -2°. In this case, the maximum k should be near the
(100,100) % unfolding point which means that both limbs should be.un-
folded fully (i.e. the beds restored to horizontal) in order io achieve the
mean inclination as close as possible to the palacofield direction at the times
of remagnetisation. However, it has been mentioned earlier that in this
model the strata were remagnctised when the limb 1 and limb 2 were a
quarter and fully folded, énd not horizontal as the usual (one dimensional) |
fold test assumed. This sho&s that the one dimensional fold test has failed
to relate the palaeomagnétic directions derived from the test to a
geomagnetic field and has not been able to document the unfolding stage

when the remagnetisation occurred.

Thé results of the new fold test are shown by Figure 2.5 (see also Table
.C;l, APPENDIX C). The‘ result from the usual fold test (Inc=-13°) is
steeper than the résult from the two dimensional fold test (Inc=0.9°) and
deviates from the expecied palaeofieid direction. This means that the usual
fold test misplaces the dummy area about 6° further north (~ 600 km or
about twice the distJapce between Liverpool and Cardiff). There are two
possible explanations for the discrepancy in this study. Firstly, the diagonal
line from (0,0) to ‘(100,100) % unfolding does not intersect the straight line
repfesenting the assumed inciination (0°). Secondly, the position of the

maximum K lies far off the intersection point. These problems related to the
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one-dimensional fold test could be solved by placing the assumed inclination

line near the maximum k as done by the two-dimensional fold test.

Other explanations for the deviation of the palacomagnetic direction de-
rived from one-dimensional fold tests from the expected direction (assuming
implicitly that the result§ from the one dimensional fold test are correct) are
possible. They include COMPOSITE MAGNETISATIONS and STRUC-
TURAL MODIFICATIONS and are discussed by Hudson and others
(1989). These authors propose a general term (“cross-over geometry”) to
describe directions of magnetisation which are most closely grouped at an
intermediate stage of untilting (previously known as “syn-folding”
magnetisation). They note further that the acquisition of magnetisation
during folaing is not the oﬁly mechanism producing a cross-over geometry:
of magnetisation (Figure 2.6). There are three major classes of mechanisms
which can produce a cross-over geometry of magnetisation; (1) acquisition
of magnetisation during folding (“true” synfolding), (2) combinations of
pre_—f(/)lding, “syn-folding” and (or) post-folding components magnetisation
and (3) structural modifications of rocks that contain pre-folding
rﬁagnetisation. Both mechanism of Class 2 and Class 3 will not record the
the ofientation of the geomagnetic field during its acquisition. Itvmay then
be pdssible that the result of the fold test (one dimensional) from these
classes will not be parallel to the expected palaeofield direction for the area

‘being investigated. | .

In summary, the usual (one-dimensional) fold test will be valid when
magnetisation predates or postdates all folding. For general cases, the two

dimensional fold test presented in this study provides a more complete
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analysis especially when remanences are “true” syn-folding (Class I, see
above). An example of “true” syn—folding is the remancnce of the South
Waies red beds which is incorporated in this study (see also McClelland-
Brown, 1983; Hudson and others, 1989). Since the geology of the area is
complex, especially in southern Pembrokeshire, the author prefers to use the
term “syn-deformational” rather than b”syn-folding” magnetisation. Hudson
and other§ (1989) proposec that in. the mechanism of Class 1 (syn-
deformational magnetisation) the direction of the remanence should then
be parallel to the orientation of the geomagnetic field at the stage of folding
during which remagnetisation occurred. Generally, this cannot be done by
application of the usual (one dimensional) fold test (sec the dummy data
cnse) since the palacomagnetic direction derived from the test is determined
by the k ;/alues only. In théis case, the assumed palacomagnetic field has to
be given a majér role in a fold test as in this presentation of the fold test.
The FOLDCONT program has also been tested on various real data (e.g.
see Table C-2) and other computer programs (c.g. the PLUNGE program
which runs on a BBC micro). The results show that the program works well

- but does not necessarily mean that it is error-free.

2.7.2 Palacomagnetic Pole

Since i)alaeomagnetic directions reflect the ambient field at the time the
. rocks acquired theif magnetisations, the palacopole position in the present
geographical reference axes can be calculated if a model for the geomagnetic
field configuration is assumed. If the paleomagnetic directions have not
saﬁpled and averaged out secular variations (for example, the results from

a single lava flow) the derived palaeopole is a geologically-instantaAneo"us
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position of the pole called the Virtual Geqmagnetic Pole (VGP). However,
the palacopole derived from scdiments, where the processes of
magnetisation will generally have taken a long time and averé_gcd out the
secular variations, yields a timec-average of the field called the
palacomagnetic pole. Hence, there are two methods for estimating the posi-
tion of the palacomagnetic pole. Firstly, it can be derived from a collection
of palacomagnetic directions (declinations and inclinations). By avcraging
the declinations and the inclinations, the secular variations are averaged
out. Secondly, it cah be calculated from a number of VGPs (latitudes and
longitudes). In practice the results obtained by cither method differ only
slightly (Collinson, 1983). Averaging VGPs has a minor computational ad-
vantage since the result is automatically corrected for site latitudes and

longitudes although this is éigniﬁcant only for a wide spread of sites.

The formula for calculating the palacopole position in the present ge-
ographical reference axes is given by
sink, = sink cosp + cosh, sin p cos D
(pl; = @, + P (for cos p > sink sinlp)
or
9, =0, + ‘(180° - B) (for cos p < sinh sink )
where
sinp = sin psin D/ cos)yp
- cotp = 1/2tan | gfpr the axial geocentric dipole)
p = ancient colatitude
A, 0, = tﬁe latitude and longitude of the site
Xp, ¢, = the latitude and longitude of the palaeopole

D,I = the declination and inclination of the palacomagnetic direction
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The error associated with the pole position is given by an oval of semiaxes

dp = Y a,, (1 + 3cos ?p)
dm = a, sin p /cos I
where
a,; = the cone of 95% confidence
The crror dp lies along a great circle passing through the sampling sitc und

the palaeomagnetic pole and the error dm is in the direction perpendicular

to this great circle (see Figure 2.7).

Successive positions of palacomagnetic poles in a time sequence from a re-
gion in the present geographical coordinate system trace out a path called
the APWP for that rcgion.? The positions of the palacomagnetic poles are
usually different to the position of the present geomagnetic pole. Hence, the
APWP will imply that the region has moved relative to the Earth’s rota-
tional axis. An established APWP for a tectonic unit can also be used as a
dating tool to determine whether a magnetisation residing within a rock is
‘a younger overprint (i.e. yields a pole position plotting on a part of the

APWP younger than the rock age). R
2.7.3 Rock Magnetic Studies

. Knowing the magnetic minerals in palacomagnetic samples before and after
e

‘a thermal treatment will give valuable information on the chemical changes

which may occur during the treatment. This is important in

paiaeomagnetism, since the purpose of thermal demagnetisation is to isolate

the components making up the NRM. The aim will not be achieved suc-
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- Figure 2.7 Relationship to calculatc the palacomagnctic pole (P

“sampling site and the remancnce vector. P is the present geogra
site. PG is the Greenwich meridian. Sce section 2.7.2.

ph

) from the coordinates of the

ic pole and S is the sampling

43




cessfully if the constituents of the specimen being investigated change
chemically. Since red beds contain haematite, they are often considered to
be stable when heated in air. However, it has been reported by several
workers (Dunlop, 1972; Collinson, 1983) that there is sometimes a pro-
duction of magnctite during the heating process of red sediments. Different
magnetic properties of magnetite and haematite (see section 2.3) provide a
method for distinguishing these minerals in palacomagnetic samples. For
example, Dunlop’s coercivity spectrum technique reveals that heating above
620° causes increase in magnetite content without reducing the haematite.
The basic principle of Dunlop’s technique is a comparison of the different
cocrcivities of magnetite and hacmatite. A specimen is given an IRM
(Isothermal Rerﬁancnt Magnetisation) in progressively increasing ficlds to
produce an IRM acquisitiori; curve. From this curve, the magnetisation in-
crement is calculated using a 0.1 T interval and is plotted against the ex-
ternal field. The curve illustrates the cocrcivity spectrum. It is generally
believed that the magnetite production is due to the breakdown of some clay

minerals and not due to reduction of haematite; the haematite itself may

become hardened due to annealing (Dunlop, 1972 and Collinson, 1983).

IRM is acquired. by magnetic particles when they are exposed to a strong
steady magnetic field for few seconds. The acquisition curves for specimens
:containing haématite is differcnt from those containing magnetite, since
haematite and magns:tjte saturate at different fields. Magnetite saturates at
lower fields than haematite although haematite has a saturation
magnetisation (J.) only about 0.5% of that of magnetite. However, the IRM
acduisition curve is not very discriminating for some cases when the quan-

tity of magnetite within red beds is very small compared with the haematite.
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The blocking temperatures of magnetite and haematite are also markedly
different. If a specimen is given two IRMs (lower and higher fields) at
orthogonal directions to each other, thermal demagnetisation of the IRMs
will be able to detect the presence of magnetite and haematite in the speci-
men (T: Rolph, personal communication). It can clearly be seen that the
components carried by magnetite and by haematite should be orthogonal to
cach other on orthogonal plots. The combination of the IRM acquisition
curves and thermal demagnetisation of the IRMs may provide a better
method for identifying the magnetic minerals in rocks qualitatively and
possibly quantitatively (by calculating the intensity of each component on

the orthogonal plots).
2.7.4 Anisotropy of Magnetic Susceptibility (AMS)

A study of anisotropy of magnetic susceptibility (AMS) determines the re-
lationship between the orientation of the sample and the ability to acquire
magﬁetisation in different directions. The susceptibility axes are deﬁned
‘below. For an anisotropic medium the relationship between the acquired
‘ fnagnetisation and the external magnetic ficld is given by

Ji =A Z kii Hi
where
J, = the magnetisation component in i direction
H; = the a?piied field component in j direction
k,, = the susceptibility tensor
For a given reference frame and with some assumptions (e.g. k;; = k), the |
su;sceptibility tensor can be transformed into an ellipsoid with maximum

(k,), intermediate (k,) and the minimum (k,) susceptibility axes (k, >k,
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> k,). The axes of reference are called the principal axes. An anisotropy
susceptibility meter determines the orientation of these three principal sus-

ceptibilities.

The shape of susceptibility cllipsoid is defined by the magnitude of the
principal susﬁeptibilitics and a‘ number of terms are uscd to describe the
ellipsoid and the causative magnetic fabric (see Tarling, 1983). However,
only three combinations are generally agreced to be most useful in AMS
studies. They are

A = anisotropy factor = k, /k,

L = lineation factor = Kk, /k,

and F = foliation factor = k,/k,
The eccentricity E of the elﬁpsoid is given by

E = F/L = (k,)?/k, k,
If E > 1 the ellipsoid is oblate and for L ~ 1 it is disc-shaped.

If E < 1 the ellipsoid is prolate and for F ~ 1 it is cigar-shaped.

McElhinny (1973) reported that anisotropies of 10%, 20% and 50%
'(A= 1.1, 1.2 and 1.5) are able to deflect a magnetisation direction by 2.7°,
5.2° and 11.6° reépectively. However the relationship between the suscepti-
bility axes and the NRM is often not clear. The two parameters may be
'unrelat.ed if the AMS is dominated by the paramagnetic constituents in the
rock. Van den Ende‘ (1977) studied the rglationship between the NRM and
the susceptibility axes in Permian red beds from South France. It was found
that the cause of the NRM and the alignment of the susceptibility axes are
independent although in some places both are of primary origin. Turner and

others (1985) studied the relationship between the magnetic fabric of the red
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beds from the Coal Measures of Central England and the direction of
magnetisation. It is believed that these re‘d beds were formed in a humid
environment. These authors found that the angular difference between the
remanence and the k, (k) axis was quite small. They suggest that de-
positional processes probably played an important role in the magnetisation
of the red beds they investigated. This implies that the process of
magnetisation in red beds under humid is less complex than under arid en-
vironments. Hrouda and Janak (1971) studied Devonian red beds from
Central Moravia (Czechoslovakia). They did not relate the susceptibility
axes with the NRM directions but were able to show that susceptibility
cllipsoids are rotational which means that the intermediate and maximum
susceptibility axes cannot be distinguished and the minimum susceptibility
axis concentrates around tﬁe poles to the bedding. One facet of this study
has bcen to find out whether there is any relationship between the NRM
directions énd the susceptibility axes in Dévonian red beds from South
Wales. The Devonian outcrop in South Wales has been rotated by 40°
clockwise according to McClelland-Brown (1983). However, this argument
depends critically on the 1ge of the NRM and it may also be tested by de-
termining whether or not the AMS is rotated in the same way as the
remanence. The felationship between the NRM and the susceptibility axes
may be found by applying bedding corrections to the susceptibility axes and

by comparing these axes from the un-rotated and rotated areas.
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CHAPTER 3 PALAEOMAGNETISM OF OLD RED SANDSTONES,

SOUTH WALES

3.1 Introduction

3.1.1 Previous Results

The palaeomagnetism of the Old Red Sandstone (ORS) of the Anglo-Welsh
C-ivette (basin) has been studied since the earliest palacomagnetic i1vesti-
gations iﬁ the 1950s. it was found that the inclinations of the
palaeomagnetic directions varied according to the attitude of the bedding
(Creer, 1957) and were evidently neither entirely pfe- or post-folding in ori-
gin. ‘For some time, this was a puzzle to palaeomagnetists. Thermal
demagnetisation studies of these rocks, however, subsequently revealed that
‘a vvariable but often strong component of secondary magnetisation was
superimposed on a magnetisation of possible primary Devonian age. This
secondary magnetisation appeared to have been acquired during the
gVariscén, (also referred to as the Hercynian or Armorican) orogeny
(Chamalaun, 1964). - The variations in inclination could be reduced to a
: .
minimum if the magnetisation acquired when both limbs of the fold struc-
tures being investigated were partially unfolded to make an angle of 30°

with the horizontal. Chamalaun and Creer (1964) therefore proposed that

the pole position derived from this component within the ORS of the
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Anglo-Welsh cuvette was applicable to a palaeomagnetic field post-dating
their deposition. It was concluded that remagnetisation had occurred in
both dipping and horizontal beds. It is now generally agreed that the ORS
was remagnetised during the Variscan orogeny although the mechanism of

remagnetisation is not well understood.

Chamalaun and Creer (1964) found that the dircctions of magnetisation
isolated in some of their specimens at higher temperature (Mean Dec.=66°
and Inc.=-37°). were in agreement with the direction of remanence in
Lower Devonian lavas from the Midland Valley of Scotland. However,
they did not consider that calculation of a pole position from these speci-
mens from the Anglo-Welsh cuvette was justified. One of the .reasons given
was that the specimens became capable of acquiring isothermal remanence
during storage when a temberature of 500°C was reached. Although the
specimens were kept in zero field, they had to be transported over a distance

of 24 km to a magnetometer.

In a later study of the ORS, McClelland-Brown (1983) used sophisticated
“vector analysis to resolve the component of Permo-Carboniferous over-
printing and isolate directions inferred to be of primary Devonian origin.
The higher temperature components were considered to be representative
of the Lower Devonian palaeofield direction. The mean direction for this

higher temperature components is as follows :

é

in situ Dec.=121.5°

Inc.=-26.8°
tilt-corrected Dec.= 98.1°
‘ Inc.=-19.4°
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By comparison with Lower Devonian field directions elsewhere in Britain,
she interpreted this result as indicative of a 40° clockwise block rotation.
The clockwise rotation of the Devonian palaeomagnetic directions is sup-
ported by the observation that the Permo-Carboniferous components have
also been rot_ated by the same amount. McClelland-Brown concluded that
the area she investigated in southern Pembrokeshire had been rotated since
the ccquisition of the secondary magnetisation. She also noted that the
westgrnmost site (Mill Haven) gave a more westerly declination and she
suggested that the Mill Haven Permo-Carboniferous directions may have

been rotated more than the sites to the east.

More recently Stearns and Van der Voo (1987) rcported a palacomagnetic
study of the Llandstadweil Formation in Pembrokeshire also of Lower
Devonian age. Their sampling locality is on the same thrust sheet as the
Mill Haven fold of McClelland-Brown and within Zone 1b of Hancock’s
classification (see Hancock and others, 1983). They argued that their results

did not support McClelland-Brown'’s observation of either a 40° clockwise

rotation or a syn-deformational (or syn-folding) magnetisation residing in

the Lower Devonian red beds from this area. However, McClelland (1987)

defended her previous conclusion and maintained that rotation had oc-

‘curred in southern Pembrokeshire. She aiso rejected the idea of a rotation

on a very localised scale which was suggested by Stearns and Van der Voo.

FIK

It is difficult to judge which observation is more reliable. However, Stearns

and Van der Voo did not give any detail on their stepwise unfolding

'method. The author has used the FOLDCONT program (described in

CHAPTER 2 also see Table C-2) to analyse their data and it was found
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that the age of magnetisation is more likely to be syn-deformational not
pre-folding as they concluded. In the author’s opinion, Stearns and Van der
Voo’s conclusion is more difficult to accept since it is based on the results

from one location only.

One aspect of tﬁis project was originally to detect any rotations within the
South Wales main coalfield using palacomagnetic techniques. The sampling
localities were distributed around the basin and across major Variscan
structures. The study has been extended to the Lower ORS of southern
Pembrokeshire to determine the integrated effect of post-Devonian rotations
and to attempt to resolve the dispute concerning the scale of rotation re-
corded here. The sampling localities are the same as McClelland-Brown's
and are located within Zor;e 1a of Hancock. This zone is dominated by a
few large amplitude (2 - 3 km) macrofolds (i.e. folds with an axial plane
separation of more than 150 m). These macrofolds are relatively uncompli-
cated by parasitic .mesofolds (an axial plane separation of less than 150 m)
as are other zones within Zone 1. The plunges are sub-horizontal (0 - 10°)
“or gentle {10 - 30°). The lominant sense of plunging is to the east although
west-plunging folds are not uncommon. One west-plunging fold which is
important in this context is the Castlemartin Corse anticline and the results

‘from this area are relevant to the interpretations discussed in this chapter.

'3.1.2 Remagnetisatipn in Red Beds

Research conducted during the 1980s has confirmed earlier evidence indi-
cating that sedimentary rocks over a large portion of North America and

Europe were remagnetised during Permo-Carboniferous times (e.g.
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McCabe and Elmore, 1989). However, th¢ widespread remagnetisation of
British Palaeozoic rocks has been known since 1960s (Belsh¢ and Everitt
(1960), Chamalaun and Creer (1964)). Belshé and Everitt (1960) found dif-
ferent palaeomagnct’ic results from sedimentary and non-sedimentary rocks
of Carboniferous age. The results from the sedimentary rocks were close to -
the Triassic palaeofield direction. These authors suggested that the
magnctisation in these roc‘ks was acquired by ancient weathering. Tneir
view was supported by geological evidence that the rocks had sometimes
been reddened to depths of as much as 300 metres. However,
remagnetisation in red beds due to near surface weathering has few sup-
porters in the palacomagnetic community nowadays. It seems that the hy-
po:hesis of fluid migration gluring orogenic loading (e.g. Oliver, 198¢) as a

cause for remagnetisation is, in general, more acceptable.

Acquisition of magnetism in red beds is a very complex phenomenon. Roy
and Morris (1983) suggest a simple three phase model of acquisition. The
modél consists of a first phase DRM (Detrital Remanent Magnetisation)
"closely associated with deposition, a second phase D-CRM (Depositional-
Chemical Remanent Magnetisation) produced by chemical changes during
formation and dewatering and a third phase CRM (Chemical Remanent
'Magneiisation) produced during compaction, cementation or later
metamorphism. Although, the acquisition of each phase may overlap, this
simple scheme can accommddate models to explain whether the
magnetisation in red beds was acquired soon or long after deposition. For
exaﬁple, if the CRM phase is dominant, it may be inferred that the

magnetisation was acquired long after the deposition of the rocks.
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The palaeémagnetic fold test enables the rémanence acquisition to be dated
relative to the age of the folding. From this information, the terms primary
and secondary remanence are often used. However, to use the term “pri-
mary” to denote the remanence which has higher blocking temperature
without knowing the age of the remanence is inappropriate and a
remanence may be younger than the rock age although it predates folding
(Roy and Morris, 1983). The blocking temperature depends on grain size
and shape as well as on mineralogy. High blocking temperature haematite
may, for example, be in the form of detrital specularite grains or large

authigenic grains deposited in the porosity.

Knowing the nature of the :;nagnetic carrier in red beds will probably help
to understand the process of the acquisition.' It is known that haematite is
the principal mineral responsible for remanence in these rocks. The
haematite usually occurs as two principal phases: as large grains and as fine
pigment coating silicate grains (Collinson, 1983). It is known that the large
-specularite grains may be of primary (detrital) or secondary (authigenic)
origin (Turner, 1980). The anisotropy susceptibility measurements in this
'siudy show that the minimum susceptibility axis (after tilt correction) are
parallel .to the bedding pole. However, this does not necessarily mean thét
the remanence is of depositional origin (Piper,1987) and there is no unam-

, L

biguous test to establish whether or not the remanence in a red bed is

strictly primary (i.e. acquired at the time of deposition).
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3.2 Location and Sampling

3.2.1 Geological Outline

This section is based mainly on the papers of George (1970) and Owen
(1974). Figure 3.1 is a generalised geological map of South Wales. The map
shows the outcrops of the Old Red Sandstones (ORS). These are generally
attributed to sedimentation in Devonian times although this style of depo-
sition probably commenced in Upper Silurian (Downtonian) times and
continued into early Carboniferous times in some areas. The basin of depo-
sition of the ORS which covered southern England a‘nd the southeastern
part of Wales‘bordering the paratectonic Caledonides is called the Anglo-
Welsh cuvette (George, 19?0). Before the close of Silurian times much of
Britain was affected by stréng earth-movements that caused deformation
and uplift of the Lower Palaecozoic geosyncline. With the uplift, the sea re-
treated southward to the present vicinity of Devon and Cornw.all and
terrigénous sediments were laid down between the Devonian sea and the
land in the north. These sediments were deposited under fluviatile and
'deltaic condition and are mostly unfossiliferous. The sedimentary rocks
consist mostly of .marls and sandstones. The rock sequence in this region
falls into two stratigraphic divisions: the Lower Old Red Sandstone and the
:Upper Old Red Sandstone. The Middle Old Red Sandstone is unknown in
South Wales and theye is a strong unconformity between the Upper and the

Lower divisions.

The Variscan (Armorican or Hercynian) orogeny spanned from at least late

Devonian times to the middle Triassic (Owen, 1974). The orogenic climax,
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as far as Western Europe is concerned, seems to have moved northward
with time. In Sduth Wales, there are three major belts of folded and frac-
tured strata (so-called disturbances) - the Neath, the Swansea Valley and
the Llandyfaelog-Careg Cennen disturbances. Their trends are NE - SW.
The first two disturbances run across the main coal field (sce Figure 3.2).
In Pembrokeshire, where the (Siluro-Devonian) Acadian folding converges
with the (Carboniferous-Permian) Variscan Front, the Variscan structures

are more intense. The folds are sharp with steep limbs.

The Lower Palaeozoic rocks in Pembrokeshire swing into an east-and-west
strike parallel to the Variscan folds. The swing has been interpreted as a
remoulding of earliér structures of northeast-and-southwest trend by pow-
erful south-north stresses dﬁ‘ring Variscan times. However,vsuch a rotation
has not obeen éccepted by George (1970). Recently, Dunne(1983) presented
a new model for the tectonic evoluticn of South West Wales duringvthe
Uppcrl Palaeozoic. He suggested that during the late stages ot; Variscan de-
formation southern Pembrokeshire was rotated clockwise by displacements
_on-the Johnston Thrust (see Figure 3.3a where the Johnston Thrust is indi-

cated by letter J).
3.2.2 Sampling

Twenty block samp}es and 376 core samples were collected from various
parts- of the basin (Figure 3.2). All 11 localities are located within the grid
area defined by latitudes 51.50°N to 52.00°N and longitudes of 355°E and
357;’E. The samples were oriented using a magnetic compass and many

~orientation measurements on cores were checked using a sun compass. Also-
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the magnetic effect of the surroundings was monitored by sights on distant

objects and it was found to have no effect on the magnetic readings.

The sampling localities can be grouped into three regions;
-Group 1 : localitics around Brecon and Abergavenny.
-Group 2 : localities around Carmarthen.

-Group 3 : localities around southern Pembrokeshire

Group 1 consists of Locality 1, Locality 2, Locality 3 and Locality 4. The
attitudes of the beds from this group are only mildly folded. There are three
sites from Locality 1: GGB1DV37, GGBIDV38 and GGBIDV39. A feld
test can be performed on these sites since the first two are moderately dip-
ping southeast and the othé; is close to horizontal. These sites are separated
by the Neath Disturbance Which is unexposed. Core sampling was used at
this locality. Locality 2 consAists‘ of 11 block samples; GGB1DVO1,
GGB/IDVOZ, GGBI1DV03, GGBIDV04, GGB1DV14, GGBIDVI5,
GGBIDV16, GGBIDV17, GGBIDVIS, GGBI1DVI19 and GGB1DV20.
_Except for the last block{ 4 cores), 5 cores were drilled in the laboratory
from each block.{ The beds are gently dipping to the sduth. GGBIDV35
and GGBI1DV36 are from Locality 3 and GGB1DV40, GGBlDV4l and
| GGBI1DV42 are from Locality 4. Core sampiing is used in both localities.

The beds are sub-horizontal (0 - 10°).

¢

There are five (5) localities in Group 2. Most beds in this group are mod-
erately dipping to the south (except Locality 9 south and north). The core
sampling technique was used in this group except at Locality 9 where block

and core sampling were both used. Locality 5 has only one site,
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GGB1DV24. This site was divided further into three sub-sites according to
the dip of the beds. Locality 6 consists of sites GGB1DV21, GGB1DV22
and GGB1DV23. Locality 7 has three sites, GGB1DV45, GGBIDV46 and
GGB1DV47. Locality 8 has two sites, GGB1DV43 and GGBIDV44. Lo-
cality 9 is an open fold with the fold axis running E-W. The fold i§ an ideal
s'tructure. on which to perform a fold test. There are.9 block sample sites
,(GQBIDVOS to GGBIDV13) and 9 core sample sites (GGBIDV26 to
GGBI1DV34). Five cores were drilled from each block except GGB1DV09
which comvprises only 3 cores. Eight sites (5 from block samples) were taken
from the southern limb and six sites (4 from block samples) from the
northern limb. Four sites (all from core samples) were taken from the hinge

zone area where the dip of the beds is horizontal.

Group 3 has two localities:; Locality 10 and Locality 11. This group is lo-
cated within the Variscan front (see also sectioh 3.1). The beds from this
groups are mostly steeply dipping south or north (see Figure 3.3b). Sites
GGBII DV48, GGB1DV49 and GGB1DV50 belong to Locality 10 and sites
GGBIDVS1 and GGBI1DVS52 to Locality 11. Since the fold in Locality 10
(the Freshwater East anticline) is different to the fold in the Locality 11 (the
Castlemartin Cofse anticline), a fold test éan be performed on each locality.
However, McClelland-Brown (1983), in her analysis, considered these folds
as a single major anticline (the Freshwater anticline; on the BGS geological
‘map this is célled tl}q Orielton anticline). The Orielton anticline is a com-
pound fold comprising the Freshwater East (Locality 10) and the
Castlemartin Cofse (Locality 11, Freshwater West) anticlines and the in-
tel;vening the Orielton syncline (Hancock and othefs, 1983). In this study,

a fold test is performed on each possible fold configuration. For example,
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the Orielton anticline comprises sites GGB1DV48 and GGBIDV49 sam-
pled from the northern limb of the Freshwater East anticline and site
GGB1DVS5I from the southern limb of the Castlemartin Corse anticline; the

rest of the sites are from the Orielton syncline.

Ten cores from' block samples GGB1IDVI11 and GGBIDVI13 (both from
green beds) have very low intensitics of magnetisation and they were ex-
cluded from any further treatments. Ten core samples were lost during the
fieldwork. This left 453 specimens (87 from 18 block samples) of 1 inch di-

ameter and 1 inch in length for thermal demagnetisation.

Table 3.1 is a summary of the location and sampling technique used in the

field work.

Table 3.1 Locality and National Grid Reference.

Loc. " area Nat.Grid Lat(°N)/Lon(°E) sampling
1 Llanthony ¢.S0(2860,2530) 51.92/356.97 core
~ 2 Clydach ¢.S0(2320,1350) 51.81/356.85  block
3 Ponstiscill ~ ¢.SO(0630,1230)  51.80/356.64 core
4 Storey Arms c¢.SN(9715,2080)  51.88/356.51 - core
5 Llanddarog  c.SN(5150,1660)  51.82/355.84 core
6 Oaksland c.SN(4245,1620)  51.82/355.72 core
7 Pen-y-coed  ¢.SN(3490,1465)  51.80/355.60 core
8 Pilgrim Rest c¢.SN(3145,1245)  51.78/355.55 core
9 Llanstephan ¢.SN(3450,0950)  51.76/355.59 block +core
10* Freshwater E. ¢.85(0220,9780) c.51.6/355.1 core
11 Freshwater W.c.SR(8840,9950)  ¢.51.7/355.0 core

Note : * This locality includes Manorbier Bay ¢.SS(0550,9760)
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3.3 Experimental Methods

All experiments were carried out in the Geomagnetism Laboratory of the
Department of Earth Sciences with the exception of the isothermal
remanence acquisition studies which were undertaken in the Department
of Geography, the University of Liverpool. The instruments used through-
out were a Molspin spinner, an MM demagnetiser and a computer plus
printer all contained within a field-free space provided by a set of large

Rubens coils monitored by a set of fluxgate detectors.
3.3.1 Thermal Demagnetisation

In generél, 15to0 18 spec_irﬁens were heated at the same time in a magnetic
field-free oven. They were put on a tray and arranged systematically. They
were faced in different directions between steps in order to minimise the ef-
fect of any stray magnetic field inside the oven. 1If possible, a space was re-

tained between specimens. Most specimens were heated up to 700°C and

‘some up to 720°C. Only three specimens disintegrated during heating to

350° and 400°C. The temperature increment applied was 50°C for temper-

‘atures less than 580°C and 25°C or 20°C for temperature higher than

575°C or 580°C. The parameters of the oven applied consistently to all

‘specimens are as follows :

heating rate : 100°C/minute
hold time : 20 minutes
cooling rate : 500°C/minute
end temperature: 28°C
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The directions and intensities of the spgcimens were measured using a
Molspin spinner magnetometer with a sensitivity of ~10E-7 A.m?/kg. The
oven and the spinner were located inside the low field cage designed to
cancel the Earth’s magnetic field. In other words, the specimens were
treated and measured in an almost magnetic field-free environment during
the thermal treatment. Two hundreds and three out of 453 specimens had
to be taken out of the cage for room temperature susceptibility checks after
their direction§ and intensities had been measured. This was undertaken at
every step to monitor any changes in magnetic mineralogy during heating.
The susceptibility measurements of each batch of specimens took only a few

minutes.
3.3.2 Isothermal RemanentiMagnetisation (IRM)

Sixty four specimens (unheated and heated) were given a stepwise IRM up
to 3 Tesla (T). The incremental magnetic field was chosen in such a way that
it is about equally spaced in a logarithmic scale. The direction of the field
Was to the north (X direction). Three different pulse magnetisers were used
. fo impart the magnetic field to the specimens. For magnetic fields less than
1 Jesla (T), smaﬂ and medium pulse magnetisers were used. For higher
fields, a Trilec pulse magnetiser was used. The intensities were measured
using a. Molspin spinner magnetometer connected to an IBM portable
'@microcomputer. Aft?: the high_est field was reached, the specimens were
given a lower field (300 mT) in an orthogonal direction to the previous ones
(Z direction). Bdth component d;:ections might be fecovered using a ther-

mal demagnetisation technique (T.Rolph, personal communication). The

specimens were thermally demagnetised up to 680°C or 700°C in a stepwise
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manner. The values for the Y direction and the dip during the
demagnetisation for all the specimens were chosen zero. This means that the
horizontal component would point to the east instead of to the north and
the inclination would be (90° - the applied field direction) in the orthogonal

plots.
3.3.3 Anisotropy of Magnetic Susceptibility (AMS)

Seventy specimens were subjected té AMS measurements. They co;nprise
15 sbecimens from Locality 1 (Llanthony), 19 specimens from Locality 9
(Llanstephan), 18 specimens from Locality 10 (Freshwater East) and 18
specimens from Locality 11 (Freshwater West). These localities were chosen
by their suitability for the f_vfold test. The instrument used was a Molspin
spinner-Anisotropy susceptibility meter. Since the susceptibility of the spec-
imens was weak, the longer spinning time (~ 128 revolutions) was chosen

during the measurements.

3.4 Data Analysis

3.4.1 Permo-Carboniferous Component

The NRM (Natural Remanent Ma_i_gnetisation) intensities of the specimens
are significantly above the noise level of the Molspin spinner. Figure 3.4a is
‘a histogram of NRM intensities. The average value is 3.5 X 10E-6 A.m?/kg.
Generally, the intensity of coarse sandstones is lower than fine
sandstones/siltstones. The directions of the NRMs generally reflect the di-
reétions of the speciméns subsequehtly isolated on their orthogonal plots

(described below). In other words, most specimens did not change their di-
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rections during their thermal treatment from their NRM directions until
they became unstable. This means that the majority of the specimens are
carrying only one component of NRM. Figure 3.5 shows the NRM di-
rections for each specimens (in situ and tilt corrected and see Figure 3.6 for
comparison). The directions are clustered about the Upper Carboniferous
palaeofield direction for southern Britain (i.e. shallow inclination toward the
south-southwest). Few specimens deviate from this direction. It is likely
that this deviation is due to human error during field works or measure-
ments in the laboratory. For example, more than half of these specimens
come from site GGBIDV26 (see Table A-1, APPENDIX. A). Some
markings on the samples from this site were uncertain because they were
_applied in a hurry due to the incoming tide and approaching night. These
specimens, being supposed to have Permo-Carboniferous components (PC),
are classified as having XX components and excluded, accordingly, from

PC site mean calculations.

The V'PLOTCORE program (available from the department’s library disk)
was used to determine the mean direction of each component. The program
'mainly consists of drawing and analysing orthogonal plots, circular plots
and intensity deéay curves for selected components. Linear segments in the
orthogpnal plot are used to define the palacomagnetic directions in this col-
| lection. Three data points were the minimum chosen to define a segment but
' generally more were used in stable samples. For single component samples,
“the diregtions derived from this technique (3-D least square method) are ih
agreement within the 95 percent confidence limits to those derived from
théir circular plots (based on Fisher statistics). Where the NRM of a spec-

imen consists of two or more components, there will be large discrepancies
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between the results derived from both method and end point estimations

from circular plots are not then reliable.

The majority of these specimens showed single component behaviour and
hence exhibit only one linear segment on the orthogonal plot. By comparing
the value of alpha-95 (more appropriate MAD = Maximum Angular De-
viation), at least thrce data points were chosen as to determine the charac-
teristic magnetisation of the specimen. Figure 3.4b is a histogram of the
calculated alpha-95s for Permo-Carboniferous (PC) components. The aver-

age is less than 10° and no specimens have alpha-95 more than 40°.

Figure 3.6 shows the equal area prejection of the direction derived from the
linear segmént on the orthogé)nal plot for each spécimen. The directions are
clustered round the Late Palacozoic reversed palaeofield direction for
southern Britain. It can be seen clearly that the in situ directions are more
tightly | grouped than the tilt-corrected directions. The expected reversed
palaéomagnetic directions at the sampling area of Group 1, Group 2 and
' Group 3 from 310 My up to present times are shown in Table 3.2. The pole
positions during these times are adapted from Piper (1987) and the DIRE
program (in the department’s library disk) was used to calculate the

palacomagnetic directions.

i

Figures 3.7, 3.8 and 3.9 show some palacomagnetic results (fully tilt cor-
rected) ffom Groups 1, 2 and 3 respectively. The inclinations depend on the
attitude of the beddings. For example, if the bedding is dipping to the north
(south), in general, the inclination is positive (negative). This observation

71




THERMAL DEMAGNETISATION

SAMPLE GGB1DY2003

88

Figure 3.7a Some examples of palacomagnetic results from Group 1 (Brecon/Abergavenny

area). The intensity unit is 10E-5 A.m?/kg.

Four first lctters are a sample code

(G=Devonian, GB = Great Britain, 1= South Walcs); the next four letters are a site code

and the last two letters are a specimen code).
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Figure 3.8a Some examples of palacomagnetic results from Group 2 (Carmarthen area) (see

caption Figure 3.7a).
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Figure 3.8b.

THERMAL DEMAGNETISATION

SAMPLE GGB1DYV2203
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Figure 3.8e. .
SAMPLE GGB1DV2507

THERMAL DEMAGNETISATION
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‘THERMAL DEMAGNETI SATION

Figure 3.8h.
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SAMPLE GGBIDV4817

THERMAL DEMAGNETISATION

Figure 3.9a Some examples of palacomagnetic results from Group 3 (southern

Pcmbrokeshirc) (see caption Figure 3.7a).
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Table 3.2 The expected reversed palacomagnetic directions for Group. 1 (Brecon/Abergavenny area),
Group 2 (Carmarthen area) and Group 3 (southern Pembrokeshire) from 310 My up to present. The
pole positions are from Piper (1987).

GROUP 1 " GROUP2 GROUP 3
Age (My) Dec/Inc Dec/Inc Dec/Inc

310 187.0/174 185.3/17.6 185.3/18.0
300 188.2/07.5 187.1/07.7 186.6/08.2
290 189.2/-02.8 188.2/-02.5 187.8/-02.0
280 . 189.0/-06.7 188.0/-06.5 187.5/-06.0
270 193.4/-08.2 192.5/-07.8 192.0/-07.3
260 192.2/-13.6 191.2/-13.3 190.8/-12.8
250 191.6/-19.2 190.7/-18.9 190.3/-18.4
240 194.7/-27.5 193.8/-27.2 193.4/-26.7
230 204.0/-42.2 203.3/41.7 203.0/-41.3
220 208.6/-46.7 207.9/-46.2 207.6/-45.8
210 206.6/-61.7 206.3/-61.4 206.0/-61.1
200 217.9/-69.0 217.7/-68.7 217.5/-68.4
190 213.4/-65.1 213.1/-64.7 212.8/-64.4
180 205.6/-59.5 205.2/-59.2 204.9/-58.9
170 210.7/-55.3 210.2/-54.9 209.9/-54.5
160 203.2/-55.2 202.7/-54.9 202.4/-54.6
150 197.0/-57.6 196.6/-57.4 196.3/-57.1
140 193.1/-60.1 192.7/-60.0 192.5/-59.7
130 181.6/-60.8 181.3/-60.8 181.2/-60.6
120 180.2/-60.8 179.9/-60.8 179.8/-60.6
110 181.6/-60.8 181.3/-60.8 181.2/-60.6
100 180.0/-54.3 179.5/-54.3 179.3/-534.1
s0 181.2/-51.1 180.6/-51.1 180.4/-50.9
80 134.0/-55.5 1183.6/-55.5 183.4/-55.3
70 187.7/-54.1 187.2/-54.0 187.0/-53.8
60 187.6/-57.2 187.2/-57.1 187.0/-56.9
50 187.0/-57.¢ 186.6/-56.9 186.4/-56.7
40 184.8/-59.4 184.5/-39.4 184.3/-59.2
30 176.4/-63.6 176.2/-63.6 176.1/-63.5
20 177.6/-65.0 177.4/-65.1 177.4/-64.9
10 178.4/-65.7 178.3/-65.7 178.3/-65.6

supports previous results reported by Creer in 1957 (for comparison, see

‘Table 3.3).

Each figure usually consists of 4 graphé. They are the intensity plot in the
top left; the circular plot in the bottom left, the orthogonal plot for all data
points in the top right and if NOT all data points are used to determine the
palaeomagnetic directions for the specimens, the bottom right shows the
orthogonal plot by which the direction is calculated and listed in APPEN-
DIX A. The intensity plot is used especially in judging the originality of the

“higher temperature components. If there is a significant increase in intensi-
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ties, the component should be suspected. This can be seen in the orthogonal
plot that the dgta points would direct not toward the origin of the graph or
become unstable. The circular plots are mostly used only qualitatively (ex-
cept if no linear segments on the orthogonal plots can be defined due to
disintegration of the specimen during thermal treatment»or the intensities
resists to change with the temperature); sometimes the last data point is not

plottzd on the graph and possibly due to plotting errors.

In some specimens a linear segment generally below 300°C can be defined
quite easily (see Table A-la or Table A-1b, APPENDIX A). However,
these directions (Lower Température (LT) components) are not consistent
within sites and only those near the present Earth’s field dircction can be
regarded &s viscous magneitisations. No interpretation will be given con-
cerning these components in this thesis. Hence, the term of “two compo-
nents” usually refers to Permo-Carbo‘nifero»us (PC) and Higher Temperature
(HT) components unless otherwise stated. In this case, only the HT com-
ponent is plotted in the bottom right of the figure. Single component speci-

mens are those interpreted as Permo-Carboniferous overprints.

A detail explanation of Figures 3.7 to 3.9

| Figure 3.7a to Figure 3.7i are rcpresentative for the specimens from Group
1. Almost 60 % out‘of 142 specimens show two coﬁmponents (PC and HT).
Figures 3.7b, 3.7d, 3.7e, 3.7f, 3.7h and 3.7 are'thevexamples of these speci-
mens (cf Figure 3.13). Generally, the NRM intensities from this group de-
' éreése smoothly with temperatures. This shows that the HT component is

real.
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Figure 3.8a to Figure 3.8i are from Group 2. All show a single componenf
(PC). Two (GGB1DV4402 and GGB1DV4403) out of 220 specimens (less
than 1% of the population from this group) have HT component. The in
situ and tilt-corrected both HT components disagree with any
palaecomagnetic direction expected for this area (see Table A-1 and Table
3.2). The intensity plots generally are decreasing smoothly although for
some specimens the intensities increase slightiy‘ after 600°C is reached (see
Figures 3.8a, 3.8b, and 3.8f). Other specimens increase significantly before

700°C; for example, Figures 3.8h and 3.8i.

Mostly specimens from Group 3 show erratic intensity plots after 600°C
(see Figure 3.9a to Figure 3.9i). There are only 2 out of 91 specimens (about
2%) from Group 3 which :possibly show two component behaviour (sce
Figure 3.96, (GGB1DV4909) and Figure 3.9h (GGB1DV5202)). A
south}vest-positive‘ component of specimen GGBIDV4909 is subtracted to
recover a south-shallow component. The substantial increase in the intensi-
_ties above 600°C in this specimen, however, shows that a magnetic phase is
being generéted in the furnace above this temperature. It is possible there-
fore, that the south-shallow component is an artefact. The other specimen
(GGB1DV5202) has westerly declination and negative inclination before
and after bedding correction (this direction is not sensitive to bedding- cor-
’rectio}n). This HT. c:)mponent is determined by three data points; at 640°,
660° and 680°. Since the position of the second point is much closer to the
thi(rd than to the first, this component is apparently being determined by the
- first and second points only and in this case the direction is highly suspect.
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In short, the HT components from Grbup 2 and 3 may be generated inside
the oven during the thermal treatmént for two main reasons. Firstly, the
HT component specimens are only found in a very small percentage (about
1% and 2%; cf almost 60% for Group 1). Secondly, the directions are dif-
ferent to any palacomagnetic directions expected for the area (see Table

3.2).

Figure 3.10 shows the in situ mean declinations from horizontal or south-
ward dipping beds‘(which’ comprise the majority of the sites) of each local-
ity. The numbers near the end of the arrows are the inclinations (which vary
according to the dips of the beds since ihe rf:manence predates full folding).
It can be clearly seen thag the wéstern sites have the more weste.ly di-
rections. Any differences céuscd by orientation procedures of the samples
from these sites can be ruled out. Almost half of the samples collected from
Group 3 (southern Pembrokeshire) were oriented using both a magnetic and
sun C(/)rnpass. Figure 3.11 shows a histogram of the differences in orientation

of the samples using the magnetic and sun compass. A good agreement is

shown which is mostly within a degree or two.

The maximum difference between the mean declination of the sites from
Group 1 and Group 3 is more than 50° (see Table 3.3). There are two
‘principal ways in which the difference in the mean declinations from the two

groups may be explained:

1. Southern Pembrokeshire has been rotated by 40° clockwise
(McClelland-Brown, 1983) or "
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Table 3.3 Palacomagnetic results (in situ). Loc = locality, Lat = latitude, Lon = longitude,
“Tilt/Dir = bedding correction (Dir = dircction of the tilt), Dec = declination, Inc = incli-
nation, N(n) = number of specimens accepted (demagnetised), a-95 = the cone of 95%
confidence, k = Fisher precision parameter.

Site Loc | Lat®®) | Leng(®)| Tilt) | Dir®) | Dec(®) | Inc(®) | 395°) | N(m) k
GGB1DVO1 2 | 5181 | 35685 15 165 | 193.2 0.1 110 5(5) 48
GGB1DV02 2 | s1.81 | 356.85 15 177 | 1928 10.8 15.1 5(5) 26
GGB1DV03 2 | 51.81 | 356.85 17 136 | 211.7 8.5 154 5(5) 25
GGB1DV04 2 | s1.81 | 356.85 19 160 14.1 3.9 137 5(5) 32
GGBIDV05 9 | 5176 | 355.59 18 167 | 2104 | -14 29 5(5) 701
GGBIDV06 9 | 51.76. | 355.59 10 190 | 2088 1.2 a1 5(5) 341
GGB1DV07 9 | 5176 | 35559 48 168 | 209.4 36 6.8 5(5) 126
GGB1DV8 9 | 5176 | 355.59 40 340 | 2068 | -12.8 39 - 5(5) 380
GGB1DV09 9 | 51.76 | 35559 64 333 | 203.1 5.0 53 3(3) 476
GGBIDV10 9 | 5176 | 35559 45 349 | 208.6 34 34 5(5) 512
GGBIDVI2 9 | 51,76 | 355.59 65 382 | 1977 29 42 5(5) 327
GGBIDV14 2 ] 5181 | 356.85 15 165 | 190.5 2.1 10.7 4(5) 74
GGBIDV15 2 | 51.81 | 356.85 15 165 | 1909 6.7 115 5(5) a5
GGB1DV16 2 | 51.81 | 356.85 15 165 | 1832 32 9.8 5(5) 62
GGBIDV17 2 ] 5181 | 358 ] 15 165 | 1842 2.5 56 5(5) 186
GGBIDVI8 2 | 5181 | 356.85 15 165 | 186.4 0.3 17.9 5(5) 19
GGBIDV19 2 | 5181 | 35685 | - 15 165 | 187.2 36 | 93 5(5) 68
‘GGB1DV20 2 | 51.81 | 356.85 15 165 | 1904 9.1 6.9 4(a) 177
GGBIDV21 6 | 51.82 | 355.712 19 132 | 1864 65 | 47 | 11(11) 93
GGBIDV22 6 | 51.82 | 35572 24 123 | 1885 8.1 47 9(9) 123
.GGB1DV23 6 | 51.82 | 35572 14 140 | 192.1 -15.5 32 0 361
GGB1DV24a s | 5182 [ 3558 ] . 55 160 | 201.6 3.3 - 1) -
GGB1DV24b 5 | 51.82 | 355.84 57 168 | 195.0 79 6.1 6(6) 121
GGB1DV24c s | s1.82 | 3s55.84 62 162 | 194.1 16.6 5.1 | 10(10) 90
GGB1DV25 "5 ] 5182 | 35584 62 | 162 | 1962 10.2 a6 | 10(10) m
GGB1DV26 -9 § 5176 | 35559 54 330 | 2069 | -13.5 38 | 8(15) 212
GGBIDV27 9 | s1.76 | 355.59 25 166 | 2080 [ -6.3 22 | 18(18) 248
GGB1DV28 .9 | 5176 | 355.59 14 180 | 2155 4.8 234 2(3) 116
GGBIDV29 9 | s1.76 | 355.59 0 0 2042 | -10.5 838 1) 47
GGBIDV30 9 | 51.76 | 355.59 4 251 | 202.7 3.0 32 8(8) 294
GGBIDV31 9 | s1.76 | 355.59 0 0 203.5 2.9 s6 | M 118
GGB1DV32 9 | 51.76 | 355.59 0 0 198.6 34 14 7(7) 66
GGB1DV33 9 | 51.76 | 355.59 41 327 | 209.1 -184 5.6 5(5) 190
GGB1DV34 9 | 51.76 | 35559 32 324 | 2100 | -12.8 52 9(9) 98
GGB1DV35 3 | 5180 | 356.64 4 130 | 1877 13 | 51 ] 13013) 67
GGBIDV36 3] 5180 | 356.64 4 130 | 190.5 4.7 10.7 6(6) 40
-GGB1DV37 1| 5192 | 35697 40 140 | 189.2 17.1 6.8 | 13(13) 38
GGB1DV38 1] 5192 | 356.97 40 140 | 1890 | 9.1 115 8(8) 24
‘GGB1DV39 1] 5192 | 35697 2. 215 | 1903 5.6 42 | 20(20) 62
GGBIDV40 4] 518 | 3551] 6 130 | 190.7 2.4 109 F0) 31
GGB1DV41 4 | 51.88 | 356.51 6 130 | 1877 | -11.2 6.3 12(12) 48

" GGB1DV42 4 | 51.88 | 356.51 6 130 | 1916 | -140 12.1 8(9) 22
GGB1DV43 8 | 51.78 ] 35555 39 172 | 2140 2.7 5.7 18(19) 38
. GGB1DV44 8| 5178 | 35555 39 172 | 206.6 54 5.5 6(6) 147
* GGB1DV45 7 | 51.80 | 355.60 38 192 | 201.5 1.4 7.0 5(5) 121
GGB1DV46 7 ] 5180 | 35560 | 38 192 | 1975 3.7 4.1 9(9) 155
GGB1DV47 7 | 51.80 | 355.60 38 170 | 2002 |} -133 a5 | 15(15) 74
GGB1DV4S 16| 51.64 | 35520 90 004 | 2003 -52.2 73 | 28(24)] 17
GGB1DV49 10 | 51.64 | 355.15 82 006 | 2088 | -386 4.1 | 19(19) 67
GGBIDV50 10 | 51.63 | 355.14 42 184 | 2166 6.3 55 | 13(13) 57
GGB1DVS51 11 | 51.65 | 354.95 96 184 | 2302 45.2 3.1 | 18(18) 129
GGB1DV52 1t | s1.66 | 35494 52 022 | 2448 | 172 6.2 | 16(17) 35
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2. The folding in the west has had the resultant effect of rotating the
palacomagnetic directions due, for example, to incomplete plunge cor-
rections. '

Table 3.3 lists the in situ site mean directions. Twelve out of 453 specimens
were excluded from the site mean calculation. inyv site GGBIDVO4 (from
one block sample) has normal polarity. it is possible that there was some
mistake during orientation for this block sample cither during sample :ol-
lection or re-ofientation before drilling in the laboratory. Sites GGBI1DV01
to GGBIDV03 and sites GGBIDVI4 to GGBIDV20 (these sites were
sampled to verify the polarity of site GGBIDV04) all from the same lo-
cation have reversed polarity. In calculating the mean for this locality the
GGBIDV04 site mean direction is converted to a reversed direction by
adding 180° to its declinatioﬁ: and giving an opposite sign to its inclination.
It can therefore be concluded that the polarity of the secondary
magnetisation found in the South Wales red beds is overwhelmingly re-

versed.,
3.4.2 Fold Test

The FOLDCONT program has been used in this study and the output of
the program can be seen in the APPENDIX C and APPENDIX B. The
ﬁrogram calculates the mean direction associated with the highest k value
(élso see CHAPTER'Z). There are two ways of finding the highest k; by
uﬁfolding both limbs of a fold simultaneously (usual fold test) or separately
in a stepwise manner. The latter always gives higher k values than the for-
- mer Imethod. However, the mean direction derived from this k value does

not necessarily represent the palaecomagnetic field at the time when the
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(b) samples from Freshwater West (Locality 11)

Figure 3.12b Fold test without plunge correction (see Table B-1, APPENDIX B).
(a) samples from Freshwater East (Locality 10)
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cluded that the plunge already existed when the magnetisation occurred or
- the direction of the plunge is to the east instead of to the west (in other
words, the plunge is steeper than it is today). If the latter is correct, there
would be slight increase in k values and the inclination line of -6° would be
shifted toward the peak of the contour. This means that the derived incli-
nation (using the new method) would be even closer to the expected incli-
naticn and the inclination derived from the one dimensional would deviate
more from the expected direction (the inclination becomes more positive).
However, since there is still no k values exceed the k5, the former iﬁterpre-

tation (the plunge was already existed) is considered as a valid one.

The inclinations from both methods are within the range of -11° to -1°.
This fold test also indicates that the fold has been tightened-up slightly since -
the acquisition of the secondary magnetisation, possibly the southern limb

has been folded more than the northern limb.

Thé results from Llanstephan yield a fold test which is close to negative
(10% percent before fully folded) whereas the results from Llanthony can
'l')e close to positive (17% percent folded). There are two explanations for
this. First, it is likely that the age of the deformation in Llanthohy (Locality
1) is post-Variscan age, or at lcast younger than at Locality 9, since the age
of the deformation in Llanstephan (Locality 9) is generally agreed to be of
‘ Variscan age. It ha‘s been assumed implicitly that the remagnetisation at
- both localities occurred at the same time (during the Variscan orogeny) and
there is a geological evidence that the climax of the Variscan deformation
m(;ved northward with time (Owen, 1974). Second, the alpha-95 circles

from both localities do not overlap. Hence the two palaeofield directions
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possibly' represent the Earth’s magnetic fields at different times. The first

explanation is likely to be more acceptable.

Figure 3.'12b(a) shows the results of the fold test on specimens from
Freshwater East. The fold is called the Freshwater East anticline (see Figure
3.3b).l The northern limb is almost twice as stecp as the southern limb.v The
southern limb has to be left in situ and the northern limb has to be unfolded
by 46% to achieve an optimum grouping (Dec.=204.8° and Inc.=-7.1°
with alpha-95=6.4°). This implies that the fold was more symmetric when
the \rock acquired the secondary magnetisation. If both limbs are unfolded
simultaneously, they have to be unfolded by 32% (Dec.=205.9° and
Inc.=-18.8° with alpha-95=6.5°). The inclination derived by this method
lies outside the expected rénge (-11° to -1°). No k vaiues, however, are
greater than ky (=70.8). If the in situ palacomagnetic directions are cor-
rected for vthe plunges of the fold (North limb=08°/297° and South
limb =14°/095°), there is a decrease in k values and still below the ko
( =4918; it is different to the previous one because two different plunges act
on the same fold). However, if both plunges are in the same amount and
"direction (14°/095°), the k values are significantly increased and some of
them exceed the kz (=70.8; it is the same as without a plunge correction
»because all palacomagnetic vector involved are-corrected by the same plunge
'correction). If this plunge correction (14°/095°) is the correct one for both
limbs of the anticline, the palacomagnetic directions may then be considered
as the valid ones. In this case, the northern and southern limbs have to be
unfolded by 50% and 6% reépectively to achieve the optimum grouping
(Dec.=21 1.5° and Inc.=-1.1° with alpha-95=4.0°). By applying the plunge

correction to the east for both limbs, the palacomagnetic directions are ro-
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tated about 7° to the west. This direction cannot be rejected at 95% level
of confidence because its k passes the McElhinny test. And if the amount
of the plunge is increased progressively at that direction, the k-parameter
reaches in a maximum at 24°. On the contrary, the k-parameter decreases
if the plunge direction is to the west (297°). For this reason, the apparent
~ direction for the northern limb of the Freshwater East anticline is to the east
as for the other limb. Palacomagnetically, this discrepancy could be ex-
plained by the possibility that the plunge was steeper when the rocks were
remagnetised than it is today and the direction of the plunge is still to the
west. In applying the plunge correction, a negative plunge should then be
given. In this thesis, however, the amount and direction of the plunge of the
northern limb of this anticline is assumed to be the same as the other limb
so that there is no need to éonvert the sign of the plunge. It is probable that
this p'roblem éannot be analysed further here because the remanence in red
beds has been shown to be rotated by the effects of penetrative deformation
(Star’{latakos, 1991) with the least rotated vectors coming from those sites
with lowest internal strain. Hence a complete analysis would also require
’ the measurement and analysis of strain indicators at each of the

palacomagnetic sites.

Figurc_a 3.12b(b) shows the results of the fold test on the specimens from the
Castlemartin Corse anticline, Freshwater West (Locality 11). The northern
‘limb is less steep thpn the southern limb (see Figure 3.3b). There are two
peaks on the contour plot; at the top left and at the bottom right. The for-
mer is close to the expected direction. If the expected inclination is not in-
tr(;duced in the fold test, the fold test would pick the latter peak because it

is higher than the former. The mean direction derived from this k is close
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to palaeofield during Lower Devonian times which is not correct (see AP-
PENDIX B, the mean direction derived frbm “k maximum”). If both limbs
are unfolded simultaneously, they have to be unfolded by 52% |
(Dec.=228.6° and Inc.=4.1° with alpha-95=14.1°). If the limbs are un-
foldedl separately,' the northern limb has to be unfolded by 20% and the
southern limb by 72% (Dec.=229.3° and Inc.=-10.9° with
alpha-95=13.9°) to achieve optimum grouping. The inclinations dcrived
from the usual mcthod are .out of the (-11°, -1°) range. No k values exceed
the ky (=62.7). However, if the in situ palacomagnetic directions are cor-
rected for the plunge (North limb=07°/275° and South lirﬂb= 15°/310°),
some k values bécome higher than the ky (=60.8). The palacomagnetic di-
rection derived from the fold test is Dec.=233.8° and Inc.=-10.8° with
alpha-95=6.9°. It is about é0° more westerly than the mean direction for

the Freshwater East anticline (Dec.=211.5°).

The directions derived from the fold tests at these two localities (Table
3.4b) ;upport the observation that the declinations are more westerly for the
mpfe westerly sites (cf Locality 10 (Dec=211.5°) and Locality 11
'(Dec=233.8°)) and therefore these results provid.eb bsobme support for-
McClelland-BrOWn’s hypothesis that the southern Pembrokeshire area has
been rotated. As menticned earlier that in this thesis, a fold test is per-
formed on each possible fold configuration in this area (see section 3.2.2)
and the results of t}lese fold tgsts should not contradict each other. The
Freshwater East anticline (Locality 10) and the Castlemartin Corse
anticline (Locality 11) can be considered as an anticline and a syncline (the
Orielton anticline and the Orielton syncline). The following are the results

of the fold tests on these folds.
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Figure 3.12c(a) shows the results vof the fo}d test for the anticlinal structure.
In the contour plot, the inclination lines do not form straight lines and they
are slightly bent. No explanation is given in this thesis concerning the unu-
sual form of these inclination lines. The palaeomagnetic result is
Dec.=204.1° and Inc.=-1.1° with alpha-95=>5.8°. This derivation is justi-
fiable because its k is much higher than the ky (see APPENDIX B). Since
there is a decrease in k-values (but some are still higher than its k,) after
applying the plunge correction (North limb=08°/297° and South
limb=15°/310°), it may then be possible either that the plunge probably
existed when the rocks acquired their magnetism or the plunge direction at
the northern limb is not to the west (but 14° to the east; see also the fold test
result for the Freshwater East anticline above). The latter gives the more
wcstérly mean palaeomagneétic direction (Dec.=214.4° and Inc.=-2.3° with
alpha-95=6.2) with its k value comparable to the k without the plunge

correction and higher than its kj.

Figure 3.12c(b) shows the results of the fold test for the syncline. No k
values exceed the k. Thz plunge correction (North limb= 14°/095° and
South limb=07°/275°) increases the k values slightly but all are still below
the k5. Both with and without the plunge cofrection the data yield a mean
palaeomagnetic direction which is more westerly than the mean direction for

the anticline.

’

In short, assessment of the results from the Orielton anticline and syncline
indicates that southern Pembrokeshire has been rotated (relative to Locality
1, Llanthony) with a condition that the plunge direction at the northern

limb of the Freshwater East is to the east (palacomagnetically). This is in
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Table 3.4a Usu.al fold test results (in situ).

Locality

Llanthony (1)
Llanstephgn (é) _
Freshwater E. (10)
Freshwater W. (11)
Anticline (10+11)

Syncline (10-+11)

Note : p = passes the McElhinny test at 95% level of confidence.

Unfolded Dec(°)/Inc(®) a95

2%
10%
32%
52%
56%

20%

188.6/ -6.1
206.8/ -5.2
205.9/-18.8
228.6/ 4.1
204.1/ 1.1

230.4/-11.7

2.2

1.9

6.5

14.1

5.8

12.9

N(site)

11

k

366 p

124

44

17

20

the same sense as McClelland-Brown suggested in 1983,' although the

amount is varied according to how westerly the locations are. These results

are over-shadowed by a larger rotation for more westerly sites and they

could be refined further if the sites being analysed are not so widely sepa-

rated.

It must be stressed that the mean direction derived from the highest k value

does not necessarily represents the palacomagnetic field at that time of ac-
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quisition. Hence, the configuration of the fold should not be determined

from this k parameter alone but instead by reference to the palaeofield di-
rection predicted from the apparent polar wander path from adjoining sta-
ble crustal areas. From this study it can be seen clearly that the k value
from this new method is usually close to the highest k. The following (Table
3.4a and 3.4b) is summary of the results of the fold tests based on unfolding
both limbs of the fold simultaneously. The dircctions derived by this one

dimensional method are not neccssarily in agreement with the predicted

palaeofield during Variscan times ( ~ 280 My when the inclinations must.

lie within a range of -11° and -1°, see Table 3.2). This can be refined further

by the application of the two dimensional fold test (see Table 3.5).

The plunge correction is se;:n to play an important role in a fold test. The
direction of the plunge or evén the amount of the plunge itself will determine
the outcome of the fold test. It would be interesting to see whether a very
accurate plunge measurement is necessary in order to perform the fold test
prope/rly or whether the fold test can provide the information about the

plunge of a fold more accurately than any other method. These results show

that there is a clear relationship between the plunge correction and the

McElhinny test. For example, before applying the plunge correction, no k
values gxceed the k9 during partial tilt correction on the specimens from the
'Freshwater East and the Castlemartin Corse anticlines. However, after ap-
plying the appropriate plunge correction to each anticline, some k values are
higher than the k, (the test becomes positive). This means that the plunge
can also cause the McElhinny test to be negative. It may then be possible
io ﬁse the McElhinny test for estimating the plunge of a fold in certain cirf

cumstances.

120




Table 3.4b Usual fold test results (plunge-corrected).

Locality Unfolded Dec(°)/Inc(°) a95 N(site) k

Llansfephan &) 10%  206.3/ -8.6 1.9 11 121 f
Freshwater E. (10)  36%  2019/-14.9 7.9 3 30 f
Freshwater E. (10)* 34%  212.1/-13.4 4.1 3 107
Freshwater W. (11) 54% 2330/ 1.1 7.1 2 65
Anticline (10+11) 56% 204.3/ 0.8 10.6 3 17
Anticline (10+11)* 54°}o 214.4/ 1.8 6.1 3 49
Syncline (10 +11) 30%  229.1/-10.8  11.6 2 25 f

’

Note : * the plunge correction for the northern limb is 14°/095°
instead of 08°/29%°. ,
f = fails the McElhinny test.

E}RelatinAg, the stage of unfolding at which the palaeomagnetic direction
mostly grouped to th? geometry _of the folds in southern Pembrokeshire at
the time of acquisition has been tried by previous workers. For exampie,
Chamalaun (1964) suggested that the limbs being investigated made an an-
- gle (of 30° with the horizontal when the remagnetisation occurred.

McClelland-Brown (1983) suggested that the plunge varied during the evo-
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lution the folds she investigated. However, these authors considered the
structures as one major anticline which is not correct. In this study; the ef-
fort is restricted fo the configuration of the fold based on the new fold test
(two dimensional) results when the remagnetisation occurred. Table 3.5 lists
the predicted attitude of the limbs of each fold from this study relative fo_
the horizontal when the remagnetisation occurred by assuming that the in-
clination of the palacomagnetic direction at that time was within the range

of (-11° and -1°).

Table 3.5 The attitude of the limbs relative to the horizontal based on the
two dimensional fold test (plunge-corrected except for Llanstephan). All k

values pass the McElhinny test with the exception the k for the syncline and

Llanstephan.

Locality N(°)/S(°) dipping Dec(°)/Inc(®) k

Llanthony (1) ~ 0/11 188.6/-6.1 368
- Llanstephan (9) ~ 49/16 207.3/-9.1 151
' Freshwater E. (10)*  ~ 43/41 211.5--1.1 113

Freshwater W. (11) ~ 38/31 233.8/-108 71

Anticline (10+11)* ~ 43/44 214.4/-14 49

Syncline (10+11) ~ 38/31 229.1/-10.8 25

' Note : * the plunge correction for the northern limb is 14°/095°
instead of 08°/297°. '
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3.4.3 Non-Permo-Carboniferous Component

Eighty seven specimens (about 19%) showed two component behaviour
(Figures 3.13a and 3.13b, only three data points for each component are
shown). Figure 3.13a shows some examp_les of positive inclinations (down)
and Figure 3.13b ﬁegative inclinations (up). Of these, 18% coﬁe from
Group 1 (Brepon/Abcrgavenny area). Group 2 (around Carmarthen) and
Group 3 (southern Pembrokeshire) only contribute‘ 0.5% each and are ex-
cluded from further discussi(;n. These specimens (almost 60% of specimens
ffom Group 1) are from Locality 1 (Llanthony), Locality 2 (Brynmawr),
Locality 3 (Ponstiscill), and Locality 4 (Storey-Arms). The lithology of
these rocks is sandstone and they are purple in colour. The formatibns are
Lower Devonian Brownstz’pnes except the rock from Ponstiscill which is
believed to be Upper Devoﬁian. The higher temperature components from
Locality 2 (Brynmawr) are sometimes difﬁcﬁlt to isolate from the influence
of the Permo-Carboniferous component. The room temperature susceptibil-
ity of these specimens seemed to remain constant or showed slight change
thréughout the demagnetisation process (see Room Temperature Suscepti-
bility Results, Figl_lre 3.19). Figure 3.14 shows the higher temperature
components on a stereonet. There are three categories of consistent di-

rections within a site; Category A, B and C.

“In situ directions }yith moderate positive inclinations (downward) and
declinations mostly within the SW quadrant fall into Category A and the
negative inclinations (upward) within this quadrant belong to Category B.
Thé rest belongs to Category C where their declinations lie mostly within the

SE quadrant with negative inclinations (see Table 3.6a, 3.6b and 3.6¢).
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Table 3.6a Higher temperature components (Category A, N =24).

SPECIMEN Dec Inc Tilt Dir CDec Clnc 95 Temp. range
GGBIDVO104 1969 433 15 165 1914 30.1 124 450-720
GGBIDV0202 203.7 375 15 177 1999 239 05.7 625-720
GGBIDY0302 2289 20.5 17 136 2225 204 204 550-700
-GGBIDVIS03 2253 319 IS5 165 218.6 23.7 048 550-700
GGBIDVI6OI 1968 29.3 15 165 1936 163 202 600 - 700

GGBIDV1704 2449 41.6 15 165 2329 374 088 625-700
GGBIDVI705 294.0 04.0 15 165 2922 133 23.7 600 -700

GGBIDVI90S ~209.2 355 15 165 203.5 24.2 28.5 500-700

GGBIDV3503 2038 28.8 04 130 201.7 27.6 17.6 580 -660
GGBIDV3507 252.3 31.1 04 130 2502 332 175 600 - 700
GGBIDV3509 233.6 248 04 130 231.8 256 11.5 600 - 680

GGBIDV3601 202.1 19.1 04 130 2008 17.9 069 550-680
GGBIDV3604 1838 424 04 130 181.0 40.0 30.3 620-700

GGBIDV3901 1923 348 02 275 1936 345 143 640 - 700
GGBIDV3902 1905 322 02 275 1917 32.0 08.6 640 -700
GGBIDV390S 2140 365 02 275 2152 355 23.8 580-700
GGBIDV3906 2208 224 02 275 2214 21.2 154 620 -700
GGBIDV3907 2525 38.1 02 275 253.1 363 124 600 -700
GGBIDV3908 222.6 124 02 275 2229 11.1 143 580-700
GGBIDV3909 2384 295 02 275 2390 279 27.0 600-700
GGBIDV3%10 2129 59.0 02 275 2157 580 11.6 580-700
GGBIDV3911 298.1 154 02 275 2979 13.6 255  620-700
GGBIDV3919 2618 165 02 275 2619 145 22.0 600 - 700
GGBIDV3921 2452 248 02 275 2456 23.1 214 580-700

/

Note :
Dec/CDec = in situ/tilt-corrected declination
Inc/CInc = in situ/tilt-corrected inclination

. (or see APPENDIX, Table A-1 foi. more information).

Some specimens with positive inclinations (but negative after applying

bedding corrections) in this quadrant are also included into Category C.

Eighteen specimens (including 4 specimens from Group 2 and Group 3) are
_ .
excluded from site mean calculations. One specimen (GGB1DV4205) was

probably wrongly oriented since it belongs to XX components. The rest are
excluded due to having shallow inclinations (characteristic of a PC compo-

nent) or having deviated from any categories defined above.
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The in situ Iﬁean for Category A direction is Dec/Inc = 226.4°/33.3° and
alpha-95=11.0°. This corresponds to a pole position situated at Lat/Lon
= 9°S/313°E which lies within the APWP for southern Britain (see Piper,
1987). Therefore it is likely that Category A direction is the primary Lower
Devonian direction for southern Britain. This direction is an agreement with
the high temperature component observed by Channell and others (1991)
from the Lower QRS from central South Wales (Dec=232.2°, Inc=31.9°).
These authors reported that this component predates the Acadian (Middle
Devonian) folding. The specimens falling in this category are from Locality
3 (Ponstiscill, 5 specimens), Locality 2 (Brynmawr, 8 specimens) and Lo-
cality 1 (Llanthony, 11 specimens). Tﬁe bedding correction for these sites is
almost negligible except for sites from Locality 2. However, the tilt-corrected
mean (Dcé/’lnc = 223.6°/’36.1° and alpha-95=11.2°) is not significantly

different to the in situ mean direction.

The in .situ mean B direction (Dec/Inc = 204.0°/-42.2° and
alpha-95=11.3°) is close to a direction for younger times (~ 230 My,
Triassic; see Table 3.2). The specimens falling in this category are mosily
from Locality 4 (Storey Arms, 17 specimens). Five specimens are from Lo-
cality 2 and 3. As in Category A case, the bedding correction for these sites
is also negligible. The tilt-corrected mean is Dec/Inc = 210.3°/-44.5° and
alpha-95=11.7°.

| i .

‘The “interpretation of Category C is still unclear. Category C comprises
specimens mostly from Locality 1 (Llanthony, 17 specimens). Locality 3

and Locality 2 only contribute 1 and 5 specimens respectively. The bedding

correction for these sites is significant since the strata in Locality 1 dip
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Table 3.6b Higher temperature components (Category B, N =22).

SPECIMEN Dec Inc Tilt Dir CDec Clnc a95 Temp. range
GGBIDV0303 171.5 -17.3 17 136 176.1 -30.7 13.5 600 -700
GGBIDVIS0I 272.7 -864 15 165 3329 -73.6 08.0 650 -700
GGBIDVI702 236.6 -66.6 15 165 272.1 -66.7 17.6 550 -700

GGBIDV3501 1778 -32.2 04 130 1798 -348 16.7 450 - 640
GGBIDV3S11 2205 -02.9 04 130 220.7 029 124 600 -700

GGBIDV4001 220.1 -11.5 06 130 2213 -114 098 580 - 640
GGBIDV4002 217.7 -29.0 06 130 221.1 -29:1 09.6 580 -620
GGBIDV4004 211.6 -139 06 130 213.1 -14.7 05.0 580 - 680
GGBIDV4007 2243 47.3 06 130 230.7 -46.6 27.6 500 -640

GGBIDV4101 206.2 -555 06 130 2149 -564 11.3 550-700
GGBIDV4102 1965 -59.9 06 130 206.7 -61.8 11.2 530-700
GGBIDV4103 191.6 -34.2 06 130 1955 -369 10.2 550-700
GGBIDV4104 2110 -51.2 06 130 2185 -51.8 07.8 600 -700
GGBIDV4i05S 1655 -30.1 06 130 167.8 -34.9 148 600 - 700
GGBIDV4107 2508 -52.5 06 130 2569 -49.1 144 600 - 660
GGBIDV4108 199.7 568 06 130 208.8 -58.5 25.6 600 -680
GGBiDV4109 251.2 -38.8 06 130 255.0 -35.6 24.6 4350-680
GGBIDV4201 1769 452 06 130 181.8 -49.1 08.0 550-680
GuBIDV4202 220.2 -35.1 06 130 2244 -349 05.2 580-680
GGBIDV4203 211.7 -46.1 06 130 218.0 -46.7 09.2 550 - 660

GGBI1DV4207 1955 403 06 130 2004 -42.6 02.6 500 -580
GGBIDV4209 159.6 -13.1 06 130 1604 -183 37.2 550-700

moderately to the southeast. However, both the in situ (Dec/Inc =
143.66/-12.I°) and tilt-corrected (Dec/Inc = 144.5°/-44.9°) mean C di-
rect.ions are different to any expected palaecomagnetic directions for the area
’forvthe last 310 My (see Table 3.2 for Group 1). Table 3.6a, 3.6b and 3.6c
list the palaeomégnetie directions for higher temperature components for
Category A, Category B and Category .C respectively.

3.4.4 IRM Results

i

From IRM (Isothermal Remanent Magnetisation) acquisition experiments,
it can be concluded that the magnetic mineral responsible for the remanence
is most likely to be haematite (Figures 3.15a, 3.15b and 3.15c). Figurés
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Table 3.6c Higher temperature components (Category C, N=23).

SPECIMEN | Dec Inc Tilt Dir CDec CInc 95 Temp. range
GGBIDV0301 . 1223 -24.0 17 136 119.5 404 21.1° 600 - 700
GGBIDV1604 1248 -19.3 15 165 120.1 -30.4 43.3 450-700
GGBIDVi801 1188 -61.3 15 165 090.2 689 139 625-700

GGBIDVI903 1443 023 15 165 1439 -11.7 10.2 450 - 700
GGBIDVI904 147.6 034 15 165 1473 -10.9 08.6 550 -700

GGBIDV3506 1489 00.3 04 130 14389 -03.5 23.0 640 -700

GGBIDV3701 141.0 -22.7 40 140 142.0 -62.6 12.5 580 -680
GGBIDV3703 126.0 -05.0 40 140 120.7 435 108 .580-680
GGBIDV3705 1454 054 40 140 1465 -34.4 12.3 580 - 680
GGBIDV3706 160.6 -03.2 40 140 167.3 -40.1 14.7 580 - 700
GGBIDV3707 1565 10.6 40 140 138.3 -27.7 19.7 550-700
GGBIDV3708 1675 -17.0 40 140 183.7 -50.3 29.7 550-700
GGBIDV3709 1103 -12.6 40 140 096.5 454 11.5 580 - 700
GGBIDV3710 1494 -01.0 40 140 1523 40.3 14.7 580-700
GGBIDV3711 1449 -43.7 40 140 1699 -829 152 550-700
GGBIDV3713 147.6 428 40 140 178.7 -81.t 21.1 580-700

GGBIDV3801 127.6 -13.0 40 140 120.2 -51.7 09.0 580 - 680
GC8IDV3802 137.1 -24.0 40 140 1339 -63.9 07.1 580-700
GGBIDV3803 178.8 -02.8 40 140 18380 -32.6 04.0 600 - 700
GGBIDV3804 1427 084 40 140 143.2 -31.6 154 3580 - 680
GGB1IDV3805 1458 21.3 40 140 1457 -185 195 550-700
GGBIDV3806 137.0 -37.9 40 140 1288 -77.7 069 620 - 680
GGBIDV3808 162.2 04.8 40 140 166.3 -32.0 07.2 550 -700

3.15a, 3.15b and 3.15¢ represent samples from Group 1, 2 and 3 respec-

tively. The unheated samples started to saturate at 2 T. However, most

‘heated samples became hardened and the field of 3 T was not enough to

determine whether the increase in acquired remanence started to flatten out.

Also, below 1 T the curves are concave instead of being convex. This prob-

ably results from breaking down of clay minerals to form magnetite which

saturates at around 300 mT. It seems that samples from Group 1 exhibit the
N

least chemical changes.

The thermal demagnetisation of the IRMs gave a better picture of the
magnetic carrier in the red beds. Decay curves of the heated and unheated
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samples show that the magnetic mineral is haematite. It can then be seen
that the blocking temperatures are above 600‘;C. The unheated samples
howevef, sometimes show less steeper inclination. This can be seen in sam-
ples from Group 1 (about 45° less, see Figure 3.16b) and indicates that
haematite in these red beds is present as two components with bfoad[y
overlapping blocking temperature components. As a result thermal
demagnetisation was not able to separate them. However, all heated speéi—
mens clearly show two component behaviour on the orthogonal plots (Fig-
ure 3.16, 3.17 and 3.18). This confirms that there was a chemical alteration
during the heating process which appears to have produced magnetite since
the blocking temperature for the lower blocking temperature component is
generally below 600°C. Is new magnetite formed during demagnetisation
responsible for the higher te%,_mperature components which were observed.in

some specimens ? This seems unlikely for three reasons:

1. These components are identified mainly in the haematite (550 - 700°C) -
range.

2. Since the specimens showing two component behaviour are only a very
~ small proportion of the collection, a contribution of the new magnetite

to the higher temperature component seems unlikely.

3. All specimens showing two components are from Group 1 which
~ proved more resistant to the chemical changes during the laboratory

experiments.
i , |
The low field cage and the modern thermal demagnetiser seem to be suc-
cessful in creating a very low field environment. The system enables the

higher temperature stage of demagnetisation to separate coherent compo-

nents from spurious effects. This study failed to find the higher compohenté
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Figure 3.16a Thermal demagnetisation of the IRM from Group 1 (Brecon/Abcrgavenny
arca). The last two letters refer to a sample code ;16 means DV 16 (IRM i-heated samples and
IRM2-unheated (fresh) samples). The intensity unit is 10E-5 A m’ | kg.
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THERMAL DEHAGNETISATiON

Figure 3.18b.
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which were reported by several earlier workers. (Chamalaun and Creer,
1964; McClelland-Brown, 1983) and it seems possible that the components
observed by these authors were IRM’s introduced in the demagnetising ov-

ens used and/or acquired prior to measurement.
3.4.5 Room Temperature Susceptibility Results

During the thermal treatment 203 specimens had their susceptibilities
monitored (Figure 3.19). Some specimens exhibited no change in suscepti-
bility. This includes those showing two component behaviour (Group I).
The lithology is sandstone and purple in colour. The rest show increase in
th=ir susceptibility values to about 10 times their original valuer. The
lithology of the rock in thesé cases is mudstone or siltstone. It can therefore
be concluded that the possibility of creating the new mineral‘(magnetite)
through the breaking down of clay minerals is more likely to be the cause
than any reduction process from haemAatite to magnetite. This former

transformation in red beds happens at temperature above 500°C.

3.4.6 AMS Results

' Figure 3.20 is a histogram of the magnitude of the anisotropy. The mag-
nitude is defined as the difference between the maximum and the minimum
relat,i.ve to the minin;um suscepfibility. From this study, 12% is the average
magnitude of the anisotropy for South Wales red beds but it is rarely as
mﬁch as 32%. The relationship between the susceptibility axes is described

below.
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Figure 3.20 Histogram of the magnitude of anisotropy in per cent. k1 an

mum and minimum susceptibility axis.
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Figure 321 Equal area projection of susceptibility axis for core samples from Locality 1
(Lianthony). Triangle, square and small circle symbols are for maximum, intermcdiate and
minimum susceptibility axis. Large circle symbols are for mean NRM dircctions.

* Solid =lower hemisphere : ~

(a) in situ (the orientation of the fold axis is represented by the arrow)

(b) tilt-corrected




Figure 3.22 Equal area projection of susceptibility axis for block samples from Locality 9

(Llanstephan) (see caption Figure 3.21).
- (a) in situ (the oricntation of the fold axis is represented by the arrow)
(b) tilt-corrected
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Figure 3.23 Equal area projection of susceptibility axis for core samples from Locality 10
(Freshwater East) (see caption Figure 3.21).

(a).in situ (thc oricatation of the fold axis is represented by the arrow)

(b) tilt-corrected
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Figure 3.24 Equal arca projection of susceptibility axis for corc samples from Locality 11
(Freshwater West) (see. caption Figure 3.21).
(a) in situ (the oricntation of the fold axis is represented by the arrow)

" (b) tilt-corrected :

153




Table 3.7a The summary of AMS studies. N = number of specimens. The
definition of A, L, F and E is given in CHAPTER 2, Basic
Palacomagnetism (section 2.7.4). P = percentage of prolate ellipsoids in %.

Locality N A L F E P
Llanthony 15 1.073 1.020 1.053 1.032 7
Llanstephan 19 1.133 1.037 1.094 1.055 16
Freshwater E. 18 1.122 1.024 1.095 1.069 6

Freshwater W. 18 1.140 1.055  1.080 1.025 39

Figures 3.;21, 3.22,3.23 andi' 3.24 show the results of AMS (Anisotropy of
'~ Magnetic Susceptibility) studies. The big circle is_ the average of the NRM |
directions for each site. The arrow (only shown in in situ stereographic
projecfions) is pointing to the bearing of the fold axis and the position of the
arroW on the projections shows the plunge of the axis. The fold axes of the
'Freshwater East and the Castlemartin Corse anticlines shown in Figure 3.23
apd Figure 3.24 are the average values of four plunges on each limb (see
séction 3.4.2 Fold Test). These plunges are calculated by means of the ori-
E:entation of the bedding/cleavage intersection lineation (Dr. P.L. Hancbck,

written communication).

In general, after bedding correction, the minimum susceptibility axis tend
to cluster around the pole to the bedding. This means that the nature of the
susceptibility is most probably of primary origin and has evidently not been
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appreciably reoriented by later straining of the rocks. The other axes (max-
imum Kk, and intermediate k,) tend to orientate themselves parallel to the
bedding plane. These axes are about perpendicular to each other (see Table
3.7b). This result seems to contradict the palacomagnetic results which
show a predominance of secondary magnetisations. This is evidently be-
cause the AMS experiment is not measuring the magnetic fabric of the
minerals responsible for the remanence. The AMS results show that depo-
sitional origin of the fabric has to be interpreted independently of the résults
from NRM measurements. AMS presumably resides in paramagnetic
and/or ferromagnetic compounds which do not contribute to a magnetic
remanence. As é result, there is no clear relationship between the AMS axes

and the direction of the NRMs.

Table 3.7b The mean maximum and intermediate axes (tilt-corrected).

k1 k2
Locality Dec(°)/Inc(®) Dec(®)/Inc(®)
Llanthony (1) 245/ 8 155/-2
~Llanstephan © 246/ 3 156/-7
Freshwater E. (10) 257/-8 167/3

Freshwater W. (11) 296/12 206/-10

Note : k1 and k2 are the maximum and intermediate axis respectively.

Since the specimens of Locality 9 (Llanstephan) were taken from the same
single block samples, they do not sample a large volume of rock. It is
probably for this reason that the AMS results show a better grouping than

- the rest (the k-parameters are about 10, see Table 3.7c). To provide more
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Table 3.7c Fisherian statistics for the mean maximum and intermediate
principal axes.

k1 k2
Locality N k/a95 k/a95
Llanthony (1) 15 4/19°  4/19°
Llanstephan (9) 19  11/11° 10/11°

Freshwater E. (10) 18 5/16°  5/17°
Freshwater W. (11) 18 4/20° 4/18°

information on the way that this anisotropy is acquired it would be neces-
sary to undertake more systematic sampling; for example the samples being
investigated could be restricted to only one bed where the conditions (é.g.
current fldw velocity and dfirection éf sediment source) were possibly uni-
form. Table 3.7a, 3.7b and 3.7c lis§ the summary of the AMS studies. In
general, the magnitude of the anisotropy for specimens from Group 2 and
Group 3 is about 6% higher than for specimens from Group 1. The AMS

observed at all localities suggests that it is primary in origin.

The percentage of the prolate ellipsoids (where E < 1) in Locality 11
V(;Freshwatcr West) is very much higher than in other localities (39%, see
gTable 3.7a). Some samples are most prominently of fine grained argillaceous
ifacies. It is possible that this lithology xs responsible for the higher percent-
age of the prolate elwlipsoids in responding to horizontal stresses before the
folding episode started. This can be seen by grouping the maximum sus-
ceﬁtibility axes in the direction of the fold axis (see Figure 3.21a, Figure

3.22a, Figure 3.23a and Figure 3.24a).
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Although the principal axes (the maximum and intermediate) of suscepti-
bility do not exhibit the tight groupings of the overprinted component of
remanence, there is a clear indication that they have been rotated in the
same sense as the inferred remanence rotation (see Table 3.7b and 3.7c).
The declinations of the maximum and intermediate axes at Locality 11
(Freshwater West) are about 40° more westerly than those at Locality 10
(Frechwater East). The amount is twice as much as the rotation of the

remanence vector between these localities (Table 3.5 and Figure 3.10).

3.5 Conclusion and Discussion

Analysis of the Permo-Carboniferous overprinted components has yielded
a variety of results when subjected to fold tests and has enabled the geom-
etry of the folds at the time .of this remanence acquisition to be determined.
At Locality 1 (Llanthony), the beds were apparently sub-horizontal when
the rocks acquired the secondary magnetisation. However in Locality 9
(Llan/stephan), the beds were approximately in their present in situ positions
when the remagnetisation occurred. In other words, the fold already existed
.vgrhen this oiferprinting episode took place. If the rocks in both localities were
remagnetised at the same time, it is therefore likely that the deformation in
the Locality 1 (Llanthony) is younger than the fold in Locality 9
;i(Llanstephan). This hypothesis is in agreement with the geological evidence
:‘showing that the cli‘max of the_ Variscan orogeny moved northwards with
time (Owen, 1974). The slight differences in the palacomagnetic directions
from both Iocalities may be explained by possible unaccommodated plunge
corﬁponents, block rotations within the area and/or associated experimental

CIrors.
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The fold test results from Locality 10 (Freshwater East) are more difficult
to interpret. The northern limb has to be unfolded by 50% with the south- |
ern limb retained nearly in situ (~ 6% unfolding) to achieve optimum
grouping. The fold then becomes more symmetrical with both limbs dipping
moderately to the north and south. In comparison to the fold at Locality 9
(Llanstephan), both northern limbs were dipping 40°-50° relative to the
horizontal when the overprinting event took place. HoWever the southern
limb of the fdld in Locality 9 (Llanstephan) was sub-horizontal. It therefore
seems that later north-south stresses have tightened-up the structures at
both localities in terms of steepening the northern limb of the fold in Lo-
cality 10 and the southern limb of the fold in Locality 9. The appropriate
plunge corrections improve Athe in situ palacomagnetic directions at Locality
9 and Loéality 10. Hence, tf.le axis of this fold was approximately horizontal |
when the secondary magnetisation was acquired. If the direction of the ob-
served plunges are correct, the foid test suggests that the fold axes Were

steeper than they are today.

'P.robably, the fold test results from Locality 11 (Freshwater West) are the
most difficult to i.nterpret. There are two peaks on the k-parameter contour
plot. Since the inclination lines are unique, only the correct one is chosen
‘by the fold test. This shows that the fold test based on the k-parameter
| alone may lead to incorrect mean directions.
: .
- In the eastern part of the study area, no declination anomalies were de-
tected. It seéms that the movement of the major Variscan structures since
thé acquisition of magnetism of the rocks does not contribute to any

palacomagnetically-detectable rotations in the area. Table 3.8a lists the in
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situ locality means except for the localities where a fold test can be carried
out. For these localities the mean directions derived from the fold tests are
given. After being tilt-corrected (with respect to the results of the fold test
in each group), the group mean direction is calculated by averaging the site
means (see Table 3.8b and Figure 3.25). Figure 3.26 shows the pole position
for specimens from Group 1, Group 2 and Group 3. Only the pole from
Group 3 (southern Pembrokeshire) deviates from the APWP for southern

Britain.

From the AMS studics, the difference of the magnitude of anisotropy be-
tween specimens from Group 1 and Group 2 and/or Group 3 is very small
(~ 6%). It can be concluded thercfore that the difference in NRM di-
rections between the groupé cannot be explained in term of remanence de-
flection by the susceptibility anisotropy. However, this conclusion is made
with the réservation that the AMS studies determined a depositional (pri-
mary) effect whereas NRM in South Wales red beds is of secondary origin.
AMS appears to be rotated clockwise in the western part of the study area
by a somewhat larger arount than the overprinted remanence. This sug-

gests that some rotation took place before this remanence was acquired.

The Permo-Carboniferous overprinting appears to have completely re- -
5 placed the primary Lower Devonian component in these red beds in the
isouth-western part ‘o‘f the study area whilst this secondary remanence has
evidently survived any overprinting influences in Triassic or later times.
Partial overprinting of Permo-Carboniferous age is also widely recognised
| in,igneous rocks as far north as Central Wales (Briden and Mullan, 1984,

McCabe and Channel, 1990). Maximum palaeotemperatures of the order
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Dir. For GROUP (N= 3>
orx = uppersicowver hemisphere

i-‘igure 3.25 Group mcans in 2 st&con_ct. G1 is the group mean for the Brecon/Abergavenny
arca (Group 1), G2 for the Carmarthen arca (Group 2) and G3 for the southern
‘Pembrokeshire arca (Group 3). ' ’ :
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Figure 3.26 Palacomagnctic poles from Group 1 (PG1), Group 2 (PG2) and Group 3 (PG3).
Only PG3 deviates from the APWP for southern Britain (redrawn from Piper, 1987).
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Table 3.8a Locality means (in situ except Locality 1,9,10 and 11).

Loc Dec(®) Inc(®)  a95 N(site) k

366

1 186.6 -6.1 2.2 3
2 191.3 1.2 5.5 It 69
3 189.1 -1.7 15.3 2 270
4 190.0 -7.6 13.9 3 79
5 196.7 9.5 7.5 4 151
6 189.0 -10.1 8.8 3 196
7 199.7 -8.1 8.2 3 224
8 210.3 4.0 17.9 2 196
9 207.3 -9.1 1.7 11 124
9* 202.2 -4.9 5.3 4 306
10 211.5 -1.1 4.0 3 113
11 233.8 -10.8 6.9 2 71
Note : * from the hinge zone area
Table 3.8b Group means.
' Site
GROUP Lat(°)/Lon(°®) Dec(®)/Inc(°) a95 k
1 51.8/356.9 193/ -4 7 86
2 51.8/355.6  198/-10 5 111
3 51.6/355.0 223/ -6 55 22

Pole
Lat(®)/Lon(°)

-39/340
-41/332
-30/304

~of 200° - 300°C were apparently attained in southern Wales during these

‘times (Olivef, 1988), and rcmagnetisatio-n was probably motivated by fluid

motion during orogenic loading.

In contrast, in the north-eastern part of the study area some specimens

appear to show a primary Devonian component and a Triassic (?) compo-
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nent, although in each case these are sporadic in occurrence. The Permo-
Carboniferous overprinting episode here and the location of the area relativé
to the Variscan front evidently resulted in a less complete replacement and
precipitation of remanence-carrying phases. The higher temperature com-
ponents (95% found in the north-eastern area) represent the acquisition by
haematite deposited during the Lower Devonian and the possibly Triassic
times. A different typc of remanence aéquisition is possibly represented by

the palaeomagnetic direction of Category C.

The Triassic overprinting and syn-deformational magnetisation at the
early stages of folding in the north-eastern area are possibly inter-related.
According to thevrcsults of the fold test, the age of the deformation in this
area is younger than that of the south-western area but still Variscan in age.

The Triassic overprinting could be a side effect of later deformation.
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CHAPTER 4 MAGNETOSTRATIGRAPHY OF THE WESTPHALIAN
A

4.1 Introduction

Magnetostratigraphy is the study of changes in the Earth’s magnetic field
recorded through stratigraphic successions of sediments and bedded igneous
rocks (Turner,1987). One of the arcas encompassed by magnetostratigraphy
is geo’magpetic polarity reversal stratigraphy. By convention the preseut-day
polarity is normal with the N-secking compass ncedle pointing to geographic
north. Since the work of Matuyama it has been known that the polarity of
the Earth’s magnetic field has changed from normal to reversed during
geological time; these are geomagnetic field reversals (Cox and Hart,1986).

The last established reversal occurred about 730,000 years ago from re-

“versed to normal polarity. When rocks are magnetised, they may record and

preserve the polarity of the Earth’s magnetic field at that time. Since po-

larity reversals are global, geomagnetic polarity stratigraphy can potentially

“be used as a means of worldwide correlation of rock units. The correlation
‘would be meaningful if there is some stratigraphic control on the rock being

.
“correlated and the magnetisation is essentially a primary phenomenon. The

stratigraphic control is achieved by means of fossil or isotopic dating.

4.1.1 Permo-Carboniferous Reversed Superchron
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Table 4.1 Nomenclature (Cox and Hart, 1986; Piper, 1987).

duration (My) name

0.1 - I subchron (event)
I - 10 chron (epoch)
10 - 100 superchron

The chronology of rcversals is referred to the polarity time scale
(Piper,1987). Table 4.1 shows the nomenclature used to define polarity in-
tervals in the polari‘ty time scale. Prior to times older than ca. 4 - 5 My
(million years) it has been established from the chronology of marine mag-
netic anomalies. Since there is no ocean floor older thén 200 My preserved
for study, t_he e);tcnsion of ;he polarity time scale to Palaecozoic tinies re-
quires palaeomagnetic studies of continental sedimentary rocks. Although
the palaeomagnetism of Palaeozoic rocks has been studied since the 1950’s,
much of the remanence record which has been resolved is either composite
or secéndary and worldwide correlation of magnetic polarities is difficult.
Itis generally agreed that palaeomagnetic techniques used three decades ago
' afé sub-standard compared to modern techniques and they often failed to
recognise reniagnefisations. As a consequence, any palaeomagnetic results
derived prior to the advent of modern cleaning techniques and component
;malysis should be re-examined thoroughly.

The duration of the "Permo-Car‘boniferous Reversed (PCR) superchron is
believed to be about 70 My long and is the longest period of constant po-
. larity recognised in the Phanerozoic eon. Palacomagnetists generally agree

that the upper boundary of the superchron lies between the Lower and the
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Upper Tartarian or within the Upper Tartarian stages of Upper Permian
times (Irving and Pullaiah,1976). Recently, Molina-Garza and others (1989)
took the upper boundary to be about 251 +/- 4 My based on
palacomagnetic study of the Dewey Lake formation (Late Permian),
Northwest Texas. However, the base of the superchron had been a contro-
versial topic for some time and two possible solutions have been proposed.
An age younger than Westphalian D was suggested byv McMahon and
Strangway (1968) while an older age has been proposed by other authors
(see below). McMahon reported 4 zones of normal polarity in the Maroon
and the Minturn Formation - Vail, Colorado, and she placed the base of the
superchron within the Maroon Formation (reported by Miller and Opdyke,
1985). Miller and Opdyke (1985) re-studied the same section and failed to
find the normal zones with:fm this section. They proposed that the normal
zones recognised by the earlier workers were overprints and suggested that
the base of the PCR must lie within the Westphalian C and D or older for-
mations. Roy and Morris (1983) prefer to locate the base of the superchron
within the Westphalian A (see Palmer and others, 1985). Irving and
. Pullaiah (1976) suggesteC that the lower boundary should be within the
Namurian or between the Namurian and Wcstph.alian. Rec;:ntly, Harland
and others (1990) accepted a base for the PCR superchron at 323 My

(Kinderscoutian, Namurian).

4.1.2 Previous Results

Palaecomagnetism of British Carboniferous rocks has been studied since the
1950s (Belshé,1957; Everitt and Belshé,1960). However, the reliability of the

results has been over-shadowed by identification of the importance of
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remagn_etisation in Palaeozoic rocks. Palmer and others: (1985) attempted
to construct the Carboniferous polarity time scale for the British Isles and
northwestern Europe and to correlate this time scale on a worldwide basis.
Figure 4.1 shows the Westphalian section of this time scale. Westphalian A
is indicated by normal or mixed polarity. However some disagreement can
be detected in the palacomagnetic results which Palmer ahd others referred

to.

For example, the palacomagnetic direction rcportcd by Titman (1971) from
intrusive igneous Carbonifcrous rocks from Derbyshire does not record a
remanence dating from Upper Carboniferous times (Piper and others,
1991). The characteristic Upper Carboniferous palacomagnetic direct’on for
Britain is éhallow in inclinati;ion (sce Table 3.2, CHAPTER 3) and the steep
inclination (-60.7°) derived from ;hese rocks is clearly not an Upper
Carboniferous direction although the isotopic age of the rock is 313 +/- 16
My. The age.given is probably on the low side due to argon loss and the
rock unit is presumed to be older than the Westphalian A and to correlate

with Lower Carboniferous lavas in the same area.

"Belshé (1957) reported normal polarity within Westphalian A sediments
‘from Lancashire. A better grouping of the palacomagnetic directions after
bedding correction indicated a positive fold test. This suggested that the
magnetism pre-date; the deformation. However, the palacomagnetic direc-
tion from these sediments is close to the Triassic direction from Britain.
Evéritt and Belshé (1960) suggested that these sediments may have bgen
remagnetised during Triassic times. In addition, the remanence may be
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composite because it was derived from NRM directions and not studied

with thermal or AF magnetic cleaning.

It is therefore concluded that the British Westphalian A rocks have not
been studied palacomagnetically in a proper way, or thoroughly tested in a
way sufficicnt to produce a bolarity time scale for these times. The follow-
ing scctions describe a palacomagnetic study of the Westphalian A rocks
from South Wales which has aimed to contribute to this objective. The
stratigraphic ége of these rocks is Q&'ell-deﬁncd by the faunal content of ma-

rine bands.

4.2 Location and Sampling

Figure 4.2 is a generalised Egeological map of the South Wales Coal meas-
ures of Westphalian age. They occur within three separate outcrops: The
Pembrokeshire coalficld in the west, the South Wales coalficld main basin
in the middle and the small Forest of Dean coalficld in the east (to the east
of the area shpwn on Figure 4.2) (Thomas,1974). The strata lie conformably

“on the underlying Namurian sediments. Lithostratigraphically, these
§edimentary succéssions ére divided broadly into Lower Coal Measures,
‘Middle Coal Measures and Upper Coal Measures. The Lower Coai Meas-
E;ures aré,equivalent to the Westphalian A, the Middie Coal Measures to the
‘Westphalian B/C and the Upper Coal Measures to the Westphalian C/D
divisiéns used within continental Europe. The boundaries between these di-
visions are now defined by well dated marine bands although the boundary
be£ween Westphalian C and D is not precisely positioned (Barclay,1989).

The Gastrioceras Subcrenatum and the Amman (Vanderbeckei) marine

169




sapyedop dunjdwes

0} Jojo1 sraquiny “(0L6] ©31009) LA\ YINOG UL SIIMSTIA] [E0]) jo sdonQ 7'y dndiy

—uwy 0T

uooeg

usylsuiIey

uersy NN ¥
j00js10puneg —- €
soBlyy —2Z
YompAID — 4

S0INBPON (90D m

170




(a)

Lower Cosl Measures
MB 1o Amman MB)

merkum subcrenatum
(After Owen 1004)

WEST
AMMAN RIDER T—%

YARD

X .
UPPER SEVEN-FEET spoe —_ E“" ot
A Roolet
u R SEVEN-FEET Tr— - © © Planolites
E'J&IFDEEEJ.{. " " . ~ ~ Marine fossils
;°: . w» w Non-marine bivalves
£ ¢ Fich fragments
‘Carbonicola Bed' S N
(b) -
AMMAN, RIDER,YARD

GARW 5 £ \ AND SEVEN-FEET

Mudstone and Siltstone

:{ Sandstone

>

“FAREWELL ROCK' | }FIVE-FEET-GELLIDEG

M2 (?Honley)
Manne Band
M1 (? Springwood) -+ GARW 30
Marine Band e e
s 20
o
Subcrenatum | 7L 10
Marine Band | ~ ~
- 0

Figure 4.3 Thickn‘ass variations of the Wesiphalian A rocks in the main basin.
- (a) Isopachyte diagram (Thomas,1974)
(b) Generalised vertical section (Barclay,1989)
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Figure 4.4 Corrclation of the Westphalian A rocks in the main basin and in the
Pembrokeshire coalficlds (Thomas, 1974).
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Figure 4.5 Locality 4 (Little Haven). The vertical section is from Hancock and others (1982).
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bands are used internationally as the lower and upper boundaries of the

Lower Coal measures (Westphalian A).

The Lower Coal Measures can be considered to record an environmental
transition from mainly marine recorded by the Namurian deposits to mainly
paralic as recorded by the Wéstphalian. Strata below the Garw coal have
few coal scams and plenty of marine bands. In contrast, marine bands are
rare and coal scams are thick and common above the Garw coal. A thick
sandstone layer just below the Garw coal is known as the ‘Farcwell Rock’.
It indicates that there is no workable coal seam beneath it. Figure 4.3 shows
variations in the thickness of the Lower Coal Mcasures in the main basin.
Since some horizons have becn preserved and the thinning happened in one
direction (to the northeast), :it is that likely these variations are not due to

erosion only but reflect the extent of the former sedimentary environment.

The Lower Coal Measures in the Pembrokeshire coalficlds are found in the
Littl¢ i{aven - Amroth coalficld. The coalfield is a narrow belt stretching
from Little Haven (St. Bride Bay) in the west to Amroth (Carmarthen Bay)
| invthe east. The strata have been severely deformed. The correlation of the

measures with those in the main basin is shown in Figure 4.4

éFour ldcalities were chosen as the sampling areas. Accessibility and ex-
posed Outcrops were major constraints in choosing the sampled areas. Lo-
célity» 1 (Clydach,Brynmawr) yields an almost complete section of
Westphalian A rocks. The thickness of these rocks is about 60 metres. The
bottbm part of the section is exposed in the southern side of the Valley road

(A465) and in bdth banks of a small stream near Llanelly Hill
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(Clydach,Brynmawr) the upper part of the section is exposed. The Clydach

section seemed to be the best section for the following reasons :

1. Clydach is located in the northeastern part of the main coalfield where

the thickness of the Westphalian A rocks is thinner (~ 60 m).

2. Some marker horizons like the Gastrioceras Subcrenatum Marine

Band, Farcwell Rock and Garw Coal are well defined in the Clydach

gorge.

3. At the time of the ficldwork, coal mining activities were mainly on

seams above Westphalian A.

However, in the event the ;esolution of ihe sampling depended largely on
the rock type. The shales which are the dominant lithology in the Lower
Coal Measures proved to be too thinly bedded for drilling ‘for
palaeqmagnetic study. Hence, most of the sampled material is siltstone and

sandstones.

COre sampling was used on th¢ bottom part of the section on both sides of
phe Valley road. ‘Two sites (FGBISW02 and FGB1SW03) were sampled
from two thick beds of Namurian rocks in the northern side of the Head of
Ethe Valley road. In the southern side of the road, Westphalian A rocks crop
out. Site FGBISWOé} to FGBISW14 were spread stratigraphically from the
base- to half-way through the upper boundary. The upper barts of this sec-
tion can be found in the stream section, near Llanelly Hill. It proved in-
coﬁvenient to employ core sampling in this part of the section since the

location of the rocks proved difficult to locate and the terrain is quite rough.
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Hence, block sémpling was used on these parts (sites FGBISW28 to
FGBI1SW32). The position of these sites from Locality 1 on a stratigraphic

column is shown in Figure 4.9.

Only five block samples could be retrieved from the rocks aboVe the Garw
coal from Locality 1. To gef a better resolution of sampling above the Garw
coal. Loéality 2 (Rhigos,near Merthyr Tydfil) which comprises a stream
section was sampled. Outcrop is found on both side of the stream bank. The
rocks sampled from this locality are above the Garw Coal up to the upper
boundary of the measures comprising the Amman (Vanderbeckei) marine
band (sites FGBISW20 to FGB1SW26). Site FGBISW27 is within the
Westphalian B but the rock proved very hard to drill in the laboratory and

no cores could be retrieved from this sample.

To determine the age of the magnetisation with respect to deformational
events, it is advantageous to sample folded beds (section 2.7.1, CHAPTER
2). Since folded beds are rare in the main basin, the sampling was extended
to Pembrokeshire where rocks of this age are significantly deformed. Five
block samples l(site FGBISWI15 to FGBISW19) from Saundersfoot (Local-
ity 3) were kindly‘provided by Dr.A.Hartley (University of Wales, Cardiff)
from his collection. The results of the fold test ;however, was inconclusive.
bore sainpl,ing of this area was then carried out in order to clarify the pre-
vious results (sites FGBISW33 to FGB1SW40). Sites FGBISW33 to
FGB1SW36 are from both limbs of the Ladies Cave anticline and the re-
mainder ére from a small syncline which is located a few tens of metres from
the /anticline to tﬁe north. The sampling was extended to Locality 4 (Little

- Haven) (sites FGB1SW41 and FGBISW44). Sites FGBISW43 and
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FGB1SW44 were sampled from both limbs of a major fold whereas sites

FGB1SW41 and FGB1SW42 were from a smaller fold, north of the major

fold (see Figure 4.5).

Table 4.2 is a summary of the location and sampling technique used in the

field work.

Table 4.2 Locality and National Grid Reference.

Loc. area Nat.Grid
| Clydach  ¢.SO(2320,1350)
1 Clydach c.SO(2180,1170)
2 Rhigos c.SN(9210,0580) .
3 Saundersfoot ¢.SS(1390,0440)
4

Little Haven c¢.SM(8520,1250)

Lat./Lon.

51.80/356.85
51.80/356.85
51.73/356.42
51.71/355.31
51.76/354.90

sampling

core
block
block
core
core

- The results from Clydach (Locality 1) were chosen as a reference for the

other localities for the following reasons :

- block and core sampling were used

- the area has not been disturbed severely

« - a complete section of Westphalian A rocks was sampled.

However, the age and the stability of the magnetisation would be inferred

from the results of a fold test from the Pembrokeshire samples.
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4.3 Laboratory Measurement

Palacomagnetic measurements were carried out in the Geomagnetism
Laboratory, Department of Earth Sciences and Isothermal Remanence -
Magnetisation (IRM) acquisition in the Rock Magnetic Laboratory, De-
partment of Geography, University of Liverpool. Most cores were measured
with a 'Molspiri spinner magnctometer and the measurcments were carried
ouf in a low field cage (see section 2.5, CHAPTER 2). Since previous AF
demagnetisation studies of these specimens as part of an undergraduate
project had shown that this method was not effective (Dr. J. Shaw, personal
éommunication), thermal demagnetisation was then chosen as a cleaning
m:thod in the present study. Thermal demagnetisation was also em; loyed
by Noltimiér and Ell“;ood (iz977) in palacomagnetic studies of South Wales
coals (within Westphalian B, C and D). The maximum temperature at
which the NRMs of their samples could be tested was 330°C. Above this

temperature the direction became unstable.

* Three hundred and thirty two specimens (74 from block samples) were
measured for their NRMs and 239 specimens (64 from block samples) were
sﬁbjected to stepwise thermal demagnetisation. Twenty of these were
ineasuréd on a SQUID magnctometer sipce their intensitics were below, or
élose to, the noise level of the Molspin spinner magnetometer. An MM
(Magnetic Measurerr;ent) thermal demagnetiser located in the cage was used
to demagnetise the specimens. On average the specimens were subjected to
stebwise thermal demagnetisation up to 500°C in steps of 50°C. Sixteen
cores were further demagnetised to temperatures above 650°C.
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| Figure 4.8a Equal area projection of in situ NRM directions. Some directions are clustcred
‘about the pr«sent Earth’s field dircction.
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Due to their low NRM intensities (see Figure 4.6), most samples did not
produce smoothly decreasing intensity plots or single components on
orthogonal plots. Figure 4.7 shows some exampleé of ihe results. Hence, the
orthogonal plots could not be used to isolate components and the mean di-
reqtion at specimen level had to be determined by application of Fisherian
analysis to directional groupings to find the mean direction. In general, most
specimens were stable up to 350°C-400°C. The mean direction for cach
specimen was taken by averaging these stable directions (see Table A-2,
APPENDIX A). Figure 4.8a shows the individual NRM directions before
cleaning. Figure 4.8b and Figure 4.8c show the directions after cleaning. It
is observed that the cssentially continuous distribution between present
Earth’s field directions and a SSW directed shallow direction becomes more
cléarly bimodal with clcaniﬁg so that some directions remain close to thev
present Earth’s field but most of the others become more concentrated in

the SSW shallow direction.

One ilundred and twenty eight specimens show shallow inclinations in a

direction SSW - NNE which is a characteristic of the Upper Carboniferous
ﬁbleld direction for this area (see Table 3.2, CHAPTER 3). O.nly one speci-
men from site FGBISWOZ (Upper Namurian) has normal polarity
(FGBISW0217,see Table A-2,APPENDIX A) and the rest, including .the~

whole section of the Westphalian A rocks, have reversed polarity.

The in situ (except sites FGBISW15,FGBISW17 and FGB1SW19 which
are fully tilt-corrected; see the end of this section) mean direction for these
Westphalian A directions (109 cores) is Dec/Inc = 194.5°/3.7° with

alpha-95 = 7°, N=26 sites (sites FGBISW02 and FGBISWO03 are ex-
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cluded since they are from Upper Namurian rocks, see Table 4.3). This
corresponds to a pole position at Lat/Lon = 35° S/339° E. However, it is
apparent that this analysis can be more refined. The geology in the
Peml;rokeshire area is vebry complex and it seems that the tilt adjustment
influences many of the palacomagnetic directions. For example, sites
FGB1SWI15, FGBISWI17 and FGBISW19 have to be fully tilt-corrected in
order to give the Upper Carboniferous direction while, sitcs FGB1SW35
and FGBISW36 have to be left in situ to stay in this direction (seé Table
4.3).

To exclude the results from this area as later overprints may be justified.
Most specimens from Rhigos (Locality 2, site FGB1SW22 to FGBISW24)
arz poorly-stable and showed large alpha-95 vélucs; only 3 specime1s out
of 25 coniribute to the site:- means (see Table A-2, APPENDIX A). The
palacomagnetic results from -this locality are therefore also excluded. The
mean direction from Locality 1 (Clydach, Brynmawr) may be considered
as representative of the Westphalian A direction from South Wales al-
though a primary origin cannot be confirmed by a fold test. Figure 4.9
's’hows results from the Clydach section. The in situ mean direction for 16
sites (69 specimens) is Dec/Inc = 193.7°/2.2° with alpha-95 = 6.1°. This
éorresponds to a pole position at Lat/Lon = 35.9° S/ 339.9° E (dp=3.1°
‘and d.m=6.1°) which is close to other pole positions from Upper
gCarboniferous rocks from southern Britain (sge Figure 4.10). However, if
this .palaeofield in situ direction is compared to the expected directions for
the area (see Table3.2 for Group 1), it is close to younger times (~ 295 My;
cf Westbhalian A (319-310 My)). Since the strata are dipping to the south

~ (see Table 4.3), the bedding correction will rotate the palacomagnetic vector
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: Figurc 4.10 'l:hc position of the Westphalian A pole from this study on the APWP for
- southern Britain (modificd and redrawn from Piper, 1987). The position of the polc reflects

- that the Westphalian A rocks from Clydach (Brynmawr) cscape from younger overprints.
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Table 4.3 Site means directions.

SITE Dec Inc Tilt Dir CDec Clnc  N(n) k
FGBISW02  208.1 2.5 8 173 208.1 4.0 7(22) 17
FGBISW03 206.5 -2.6 8 173 2069 9.2 12(22) 10
FGBISW04 1933 18.7 7 175 1927 2.1 3(12) 14
FGBISWO0S  189.9 4.0 7 175 1898 2.8 4(8) 9
FGBISW06 1858 5.0 7 175 1858 -1.9 H4) -
FGBISWO07 199.7 1.9 7 175 199.7 44 6(9) 26
FGBISW08 194.8 -1.9 7 175 195.0 -8.5 6(9) 22
FGBISW09 191.7 24.2 7 175 1909 17.5 1(4) -
FGBISWI0 1995 6.7 7175 1993 04 910) 93
FGBISWI11 201.5 1.9 7 175 2016 -4.4 4(6) 33
FGBISWIi2 188.3 10.9 7 175 188.1 4.0 5(8) 24
FGBISWI3 1959 -11.7 7 175 1966  -18.3 3(6) 13
FGBISWI14 198.2 L1 7 175 1983 -S54 6(7) 20

FGBISWIS 357.7 -55.3 110 359 1798 -14.7 5(5) 124
FGBISWI17 0353 -56.3 104 4 1667 -15.0 5(5) 21
FGBISWI9 2076 95 38 17 2089 278 5(5) 21
FGBISW22 1949 16.1 10 79 1919 20.2 2(5) 42
FGBISW24  209.7 214 1S 154 206.0 125 - I(5) -

FGBISW28 1895 6.1 8 155 190.2 -12.7 5(3) 69
FGBISW29 1933 1.6 7 200 1933 5.4 5(5) 89
FGBISW30 194.1 -1.0 10 183 1943 -108 -5(5) 20
FGBISW31 207.6 24 6 172 207.6 2.4 45) 49
FGBISW32 173.6 -23.1 12 161 1751 -348 2(4) 113

FGBISW33 2105 13.7 38 180 2115 -19.2 5(7) 9
FGBISW34 2069 @ 350 47 178 2015 -1.7 3(5) 23

FGBISW35 2005 5.9 71 18 20838 76.6 49) 7
FGBISW36 196.2 -25.0 82 18 1949 57.00 5(7) 15
FGBISW42 186.5 5.5 47 188 1855 -524 1(4) -
Note :

N(n) = number of specimens accepted (demagnetiscd)
Dec/CDec = in situ/tilt-corrected declination

Inc/Clnc = in situ/ftilt-corrected inclination

k = Fisher precision parameter

Tilt/Dir = bedding correction (Dir = dircction of the tilt)

-even closer to the expected palaeofield direction at the times when the cli-

max of the Variscan orogeny in South Wales occurred (~ 280 My).

‘In summary, although the phenomenon of the geomagnetic ﬁ(;ld for staying
;1ln one pélarity for a long time is not uncommon one, the palacomagnetic
result presented here‘is unable to confirm whether the palaeofield during the
Westphalian A times is overwhelmingly in a reversed state or not. The rea-
son’ for this is that the observed palaeofield is close to a palaeofield for
younger times. If these rocks was remagnetised during the climax of the
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Variscan orogeny, the remagnetisation in South Wales probably occurred in
most types of rocks except coals. Noltimier and Ellwood (1977) reported
normal and reversed horizons within the Westphalian B, C and D coals
from South Wales (see also Figure 4.1). If these coals were also
remagnetised, the normal horizons would not have been detected by these
authors since the polarity of the geomagnetic ficld at the times of
remcgnetisation is known to be in a reversed state (see CHAPTER 3
Palacomagnetism of Old Red Sandstoneé, South Wales). The study of
magnetostraﬁgraphy during Westphalian A times must still be carried out
elscwhere in the country where younger overprints are thought to be un-
known or to restricted to special type of rocks which escaped from

remagnetisation, for example South Wales coals (Westphalian A).

Directions for sitt FGR1ISW15, FGBISW17 and FGBISW19 (block sam-
ples from Locality 3 (Saundersfoot)) are more scattered before bedding
correction (see Figure 4.1 1). A better grouping is achieved if the site means
are _fl;lly tilt-corrected. The results of this fold test indicate that this
remanence has been essentially stable at least since the deformation oc-
’cxurred although it should be noted that it was not possible to resolve a

component structure in these samples.

| Howe\}er, another fold test on 20 core samples from the same locality sug-
gests that the magnetisation occurred during folding (Figure 4.12). The
specimens were measured with a SQUID magnetometer (see Table 4.4 and
Table A-2, APPENDIX A). The SQUID magnetometer is about ten times
mofe sensitive than the Molspin magnetometers. Due to the shortage of

time, however, only 20 cores were measured with this instrument (see Table
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4.4 or Table A-2, APPENDIX A). The process of demagnetising the speci-
mens was also stopped at 550°C since the intensities of the specimens were
consistently increasing and above 400°C the directions became unstable. It
was clear that chemical changes were taking place in the furnace and that
this was the maximum tempecrature to which the NRM could be tested.
Linear segments in the orthogonal plots could still not be recognised to iso-
late components and the mean direction for éach specimen was calculated

in the same way as for those measured on the spinner magnetometer.

Specimens were taken from limbs of a chevron fold (the Ladies Cave
anticline; sites FGBISW33 to FGBI1SW36). The fold possesses long straight
limbs and a narrow hinge zone. The anticline is inclined with the axial sur-
face dipping steeply south (Hancock and others,1982). The northern limb
is steeper than the southern 1imb. It can be seen clearly (see Figure 4.12a
and 4.12b and Table B-2, APPENDIX B) that the palacomagnetic di-
rections from both limbs are in better agreement if botﬁ limbs are unfolded
by 32% (with or without plunge correction). Although no k-values pass the
McElhinny test, there is a slight increase in the values and the peak of the
'coﬁtour is shifted toward more positive inclination. More sites are nceded
in order that the ké value becomes lowered. If each limb is unfolded sepa-
rately (the new method, see section 2.7.1, CHAPTER 2) the results will de-
ﬁend oﬁ _the chosen inclination used as the expected palacomagnetic
direction. However, flfom the contour of the k-parameter (see Figure 4.12),
itv is clear that the k values which are higher than 30 (~ 5% less than the
k maximum) cover a quite wide area. This suggests that there is uncertainty
~in the expected palaecomagnetic direction, in this case especially in the incli-

nation. The expected in situ inclination could be from about -10° to +25°
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Figure 4.11 Equal area projection of the site mean directions from sites FGBISWI5,
FGBISW17 and FGBISW19 (block samples from Saundersfoot, Pembrokeshire). The di-

rections are better grouping after bedding correction.
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without any significant differences resulting in the k values. One conclusion
that can be drawn from this fold test is that the age of the magnetisation is
syn-deformational which in turn will constrain further the range of the ex-
pected inclination, say from about -10° to + 10°. The interpretation here is,
therefore, that the age of magnetisation of the Westphalian A is syn-
deformational not pre-folding as suggested by the result from the block
samples (sites FGBISWIS, FGBISWI17 and FGBISWI19). Results dis-
cussed bclow indicate the reason why the fold test result from the block

samples is doubtful.

Core samples from Pembrokeshire fall into two groups; the first group (29
specimens) are those with intensities well-above the noise level of the spinner
and a second group (the majority: 90 specimens) which have very weak in-
tensities. Twenty specimens from the second group were measured with the
SQUID magnetometer. The specimens from Pembrokeshire show a large
within-site scatter (see Table 4.4). The in situ directions of specimens meas-
ured v;'ith the spinner have steep inclinations. In contrast, the specimens
mqasured with the SQUID have shallow inclinations. One possible expla-
'nétié)n of this observation is that the specimens which have higher intensities
have been remagnetised recently due to weathering. This is probable be-f
cause their palaeomagnetic directions (in situ) are very close to the present
iiarth’s magnetic field. Due to the attitude of some beds, some directions
after bedding correctéon show shallow inclinations which could mistakenly
be interpreted as an Upper Carboniferous direction. Hence, only the shal-
low in situ directions are accepted hére as ancient remanences. When these
direétions are adjusted for tilt (without plunge correction) within the ex-

pected inclination range of -10° to +10°, the fold test yields Dec/Inc =
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Figure 4.16 Thermomagnetic curves for unheated (a) and heated (b) samples. Heating and
cooling curves are different for both samples.




Table 4.4 Palacomagnetic results from Pembrokeshire (core samples).

Specimens measured with a SQUID are given symbol +.
The figures illustrate the results.

The unit of NRM intensity used is 10E-5 A m

SPECIMEN

FGB1SW3303
FGRB1SW3305
FGBISW3306
FGB1SW3308
FGB1SW3309
FGBISW3310
FGBISW3311

FGBISW3403

FGBISW3406
FGBISW3407
FGB1ISW3408

FGBISW3409 -

FGB1SW3501
FGRISW3502
FGB1SW3503
FGBISW3505
FGRISW3506
FGB1SW3507
FGB1ISW3508
FGBISW3509
FGBISW3510

FGRB1SW3601
FG131SW3602
FGB1SW3604
FGBISW3605
FGB1SW3608
FGB1SW3610
FGB1SW3611

FGB1SW4106
FGBISW4109
FGB1SW4110
FGBISW4111
FGBISW4113
FGBISW4114
FGBISW4115
FGB1SW4116
FGB1SW4117
FGBISW4118

' FGBISW4119

FGB1ISW4120

FGB1SW4201
FGB1SW4202
FGB1SW4204
FGB1SW4214

 FGB1SW4303
 FGBISW4309

FGB1SW4310

{FGB1SW4409
FGB1SW4411

Dec

303.68
223.61
261.49
234.05
18531
209.71
196.24

21193
22334
203.41
196.15
206.18

33855
343.83
348.70
19355
146.21
189.86
234.08
184.10
007.74

005.70

© 351.22

205.96
216.59
206.57
167.82
186.56

318.02
34358
353.01
348.94
341.70
345.15
342.99
34225
333.17

Inc

59.76
27.21
77.48
11.45
38.03
-04.69
-06.43

24.18

3L
33.24
2452

74.66

7147
07.16
-32.10
-04.88
-12.69
33.16
73.51

68.53

67.75
-08.97
-28.68
-38.10
-18.28
-25.64

74.48
65.55
66.02
71.10
70.03

66.74
69.64
71.22
41.18
35.17
75.72

-28.35
0545
8633
89.04

6752
74.65
66.98

57.66

61.13 °

Tilt Dir CDec’

38 180 23335
38 180 217.87
38 180 198.89
38 180 234.04
38 184.18
38 218.02
38

202.14

180
180
180

178
47 178
47 178
47 178
178

209.97
199.58
200.01
193.45
204.80

71 018
71 018
71 018
71 018
71 018
71 018
71 018

008.25
007.80
009.04
17734
153.32
178.64
249.05
056.52
71 018 015.10
82 018 013.41
007.96
220.66
223.32
207.26
149.67
82 018 180.03
322.47
334.19
338.61
334.91
332.21
334.11
333.61
33255
32839
356.63
323.03

47 188
188
188
185

070.03
18552
183.10
184.19

71 336
71 336
71 336

325.76
-332.07
332.03

179
179

204.09
204.43

30740

Cinc

58.51
-02.07
48.55
-11.41
00.15
-36.68
-42.50

-15.92

20.31
-12.09
-11.97
-17.67

06.94
00.19
02.67
7739
18.81
64.81
42.37
71.16
02.76

-12.98
-11.88
71.63
49.17
43.21
50.28
54.57

42.56
3434
35.78
40.20
38.59
37.44
35.46
38.24
3935
15.25
-18.73
19.05

-11.76
-52.43
42.29

6032

-01.10
04.14
-03.69

7193
6739

| kg.

NRM

0.0134
0.0028
0.0207
0.0030
0.0110
0.0053
0.0045

0.0088
0.0114
0.0093
0.0088
0.0114

0.1733
0.1314
0.1136
0.0052
0.0058
0.0056
0.0060
0.0052
0.0949

0.1369
0.3032
0.0072
0.0066
0.0054
0.0057
0.0070

0.0297
03214
0.1967
0.0453
0.0332
0.0538
0.0597
0.1908
0.0910
0.0456
0.0824
0.0816

0.0230
0.0095
0.0281
0.6473

0.0498
0.0897
0.2250

0.0227

0.0265

A+ A+ A+ 4

+ 4+ ++

++++ 4+

POLAR PLOT

DIRECTIONS

in Situ N = 49

Star (circle) symbol = lower (upper) hemisphere.

Number of Data

INTENSITY
10E-3 A m2 7 kg

OO0,
UOCXAIVUOURUO0 UK
W I O S

0
" DOO
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202.2°/7.9° with alpha-95=6.5°. In summary, the results of the fold test on

the core samples are more meaningful than those from the block samples

and the age of the magnetisation is syn-deformational.
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4.4 Rock Magnetism

One of the magnetic methods used to identify the magnetic carriers in this
investigation is IRM (Isothermal Remanent Magnetisation) study (see sec-
tion 2.7.3, CHAPTER 2 and section 3.3.2, CHAPTER 3). Heated and un-
heated Samples were studied including cases where there was chemical
change during thermal treatment. Thirty six samples (from 18 sites) con-
sisting of 18 heated and 18 unheated samples were given IRMs of 3000 mT
through several steps. Another IRM of 300 mT was given to the samples,
after the 3000 mT IRM but in an orthogonal direction. The IRMs were
stepwise ‘thermaily demagnetised. Figures 4.13, 4.14 and 4.15 show some
examples of the results. The terms IRM3 and IRM4 rcfer to heated and
unheated samples and the last two digits represent the site numbevrs. Table
4.5 shows the maximum te:mperature experienced by the heated samples

during the thermal demagnetisation of the NRM

Table 4.5 Maximum temperatures reached during thermal
demagnetisation of the NRM.

Sample T(°C) Area

SWO08 550 Clydach
SWI10 625 Clydach
SW17 500 Saundersfoot
SWi8 100 Saundersfoot

Most samples were saturated around 100 mT. Four heated samples from

sites FGB1SW21, FGB1SW24, FGB1SW29 and FGB1SW30 acquired very
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strong IRMs in a field as low as 20 mT. The acquisition experiment for
these samples was terminated at 20 mT since the IRM intensity gained by

the samples were out of the range of the spinner.

It secems likely that the magnetic mineral which is responsible for the
rcmanence is magnetite, élthough the presence of hacmatite, a mineral re-
quiring high remanences to saturate it, cannot be ruled out (see IRM Ac-
quisition for Sample SWO0S8 (unheated)). The thermal demagnetisation of the
IRM (see Figure 4.15a) shows that this mineral it is likely to be goethite
(instead of haematite) because a phase is present which loses its remanence
after being heated at 100°C. Generally, there is no significant difference
between heated ,arid unheatcd samples. Most samples show single compo-
nent behaviour on the orthogonal plots and a few per cent their IRM in-
tensity is left after 600°C. This indicates that magnetite is the dominant
magnetic cérrier. The presence of magnetite as the predominant magnetic
phase in these scdirme,nts implies alkaline and~ mildly reducing conditions
duriné deposition and/or diagenesis (Piper, 1987 p. 64-65). Time consider-
ations have not permitted study of the size or domain structure of this
rhagnetite, but it has clearly been susceptible to aéquisition of secondary
components as shown by the smearing of NRM directions. A few samplés
‘were measured to study their magnetic hysteresis with a VSM
magnetometer. This proved to be unsuccessful due to the very low quantity

‘of magnetite in the samples and the dominance of the paramagnetic con-

stituents.

Figure 4.16 shows thermomagnetic curves of a unheated and heated sam-

ple. At 400°C the unheated sample experienced a chemical change. The new
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mineral also appears to be magnetite. However, for the heated sample
nothing happened at that temperature. And the Curie temperature for this
new mineral is about 575°C, which is the Curie temperature of magnetite.
The heating and the cooling curves for the heated samples are not exactly

the same. This indicates further chemical change.

4.5 Discussion

From rock magnetic studies, the magnetic mineral which is responsible for
the remanence is shown to be magnetite. Magnetite is also a product of
chemical alteration due to heating. This happens at about 400°C. It is pos-
sible that the clay minerals are the source of this alteration, which is also
observed in red beds (Collinson,1983). However, from a previous chapter
(CHAPTER 3 Palaecomagnetism of Old Red Sandstones, South Wales) the
breakdown of the clay minerals is observed to happen at higher temper-
atures. Another explanation is that it is due to the presence of pyrite. The
pres_erice of pyrite in the specimens are indicated by the physical appearance

of the specimens showing grey-black in colour and rich in organic content.
’Above 350°C pyrite changes to magnetite (Tarling,1983) and it seems that
this mineral was broduced under reducing conditions during the diagenesis

of thes¢ sediments.

+The age of the mag}lgtisation remains uncertain. The"main difficulty is in
finding rocks which are appropriate for a fold test in the main basin. The
complexity of the geology of the area adds another problem in interpreting
the,fold test. The problems become worse because some samples have been

overprinted in a Recent field. This overprint component has an intensity
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well above the noise level of the spinner. After bedding correction, some
directions are close to an Upper Carboniferous direction and some have
normal polarity. If this problem is not acknowledged, the fold test yiclds
an incorrect conclusion. However, the arrival of a new SQUID
magnetometer enabled 20 very weak samples of 1 inch diameter (from 4
sites) to be measured. The scatter within sites is less than theose obtained
with the spinner. All of them have a reversed polarity and ghc fold test ap-
plied to these samples indicates that the remanence was acquired during
foldiﬁg. Since the age of the folding is Variscan, the age of the magnetisation
is probably late Carboniferous. The possibility of later remagnetisation
during Triassic or Pcrmian times can be cxcluded because a contrasting field
diiection Would then be expected (Table 3.2, CHAPTER 3) and causative
geological events are not so obvious. The palacopole position (see Figure
4.10) reflects a magnetisation recording a palacomagnetic direction for Up-

per Carboniferous times in southern Britain.

The polarity of all palacomagnetic directions which could be considered to
 be primary from this study of Westphalian A rocks is reversedly
magnetised. Although the palaeofield derived from this study suggests that
1t represents geomagnetic field for younger times, this result supersedes
iprevioﬁs studies reported by Belshé (1957) and Titman (1971) both in term
of the stratigraphic control and of the palacomagnetic techniques used, in-
cluding modern instrumentations. Therefore, the Westphalian
magnetostratigraphy for the British Isles and northwestern Europe pro-
poéed by Palmer and others in 1985 must be revised. The palacomagnetic

results from contemporaneous rocks from other parts of the country or from
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Westphalian A coals (which are thought to be escaped from

remagnetisation) from South Wales are desirable to test this result.
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CHAPTER 5 CONCLUSION
5.1 Summary

5.1.1 Fold Test

A new method for applying a fold test to a collection of palacomagnetic
directions has been discussed. It has been reported by some workers (e.g
Hudson and others, 1989) t_hat the mean palaeomagnetic direction derived
from the highcst value of thé k-parameter in a fold test employing a partial
tilt correction does not necessarily coincide with the expected
palacomagnetic direction for the afea being investigated. Thercfore, any

conclusion drawn from such studies may be incorrect.

. T,he higheﬁt k can be ottained either by unfolding both limbs of a fold si-
rﬁultaneousiy (the. usual method) or by unfolding the limbs separately (this
study) in a stepwise manner. The latter method will give the true highest k.
it has been demonstrated in this study that the palacomagnetic directions

derived from both methods may be incorrect.
A simple solution to this problem is that the expected palacomagnetic di-
rection must be determined first before applying the fold test. The expected

palaeomagnetic direction can be predicted either from palacomagnetic re-

sults from adjoining horizontal strata of the same rocks from the same area
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or from an established apparent polar wander path (APWP) which is valid
for the area. For the sake of simplicity, in this study, only the inclination is
used for finding the meaﬁ direction. The rhean inclination of palacomagnetic
directions from both limbs ot: a fold has a simple distribution in responding
to partial unfolding of each limb; each possible inclination is usually re-
presented by a straight linc. The direction with the highest k-value within
the accepted inclination is considered as the mean palacomagnetic direction.
Using this new method, the fold test yields a mean direction which is close
to the expected direction. Thus if a remanence can be linked to a specific
magnetisation event, this implies that the geometry of the fold at the time

the rock acquired its magnetism can be determincd.

S.1.2 The Results of the Fold Test

Permo-Carboniferous (secoﬁdary) components from Locality 1
(Llanthony), Locality 9 (Llanstephan), Locality 10 (Freshwater East) and
Locality 11 (Freshwater West) were subjected to the fold test. The results
'frém Locality 1 and Locality 9 are almost in the oppdsite sense to each
other. At Locality 1 the remagnetisation occurred at the earliest stage of
,f.olding whereas at Locality 9 it took place at the latest stage of folding. The
%age of fnagnetisation is still syn-deformational. The age of the deformation
in Locality 1 could be Late Caledonian, Variscan or post-Variscan and in
Locality 9 it is possibly Variscan (Dr.R. Gayer, personal communication;

Owen and Weaver, 1983).

There are two possible explanation for this puzzle :
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1. The age of the deformation in Locality 1 is younger than that of the
deformation in Locality 9 (but still possibly Variscan in age), if the

overprinting event occurred at the same time in both localities.

2. Alternatively, if the deformation at both localities took place at the
same time, the remagnetisation process in Locality I must have taken

place earlier than in Locality 9.

The results of the fold test from Locality 10 and Locality 11 (southern
Pembrokeshire) suggest that the age of magnetisation is syn-deformational.
The plunge for the northern limb of the Freshwater East anticline in Lo—l
cality 10 is directed to the west whereas the plunge for the southern limb is
to the east. No specific geological explanation for this discrepancy is given
here because it is beyond the scope of the thesis and it is possible that the
remanence in this area has been variably rotated by the effects of
penetrative deformation. The results of the fold test suggest that the the |
direction of the plunge for the northern limb should be in the opposite di-
recfion in order that the plunge correction improves the grouping of the
'p'alacomagnetic vectors and some of the k values pass the McElhinny test.
For this ground, in this thesis it is assumed that the plunge for this limb is
the same as for the other limb (i.e. to the east). The direction of the plunge
for theCastlemartin Corse anticline in Locality 11 is to the west. The plunge
icorrection for both anticlines bring the scattered directions between limbs
into- agreement and significantly increase the k values. The mean
palaeomagnetic direction for Locality 11 (Freshwater West) is more westerly
thén for Locality 10 (Freshwater East). These directions cannot_be rejected

at 95% level of confidence since their k values pass the McElhinny test.
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However, these anticlines are part of a bigger anticlinal structure called the
Orielton anticline which is a compound fold comprising the Castlemartin
Corse and the Freshwater East anticlines and the intervening Orielton
syncline (Hancock and others, 1983). The result of the fold test applied to
the Orielton anticline is ambiguous since the McElhinny test is positive with
or without the plunge correction. Without the plunge correction, the mean
palacomagnetic direction is close to the results from Locality 9
(Llanstephan) which suggests that there is no rotation of the area. With the
appropriate plunge correction, the fold test gives a more westerly direction
implying that rotation has occurred. This ambiguity is likely to be caused
by a wide separation of the sitcs being analysed so that the k; is very low
(less than 3). On the other hand, the results of the fold test on the Orielton
syncline show that there aré no k-values passing the McElhinny test. How-
ever, both results could be refined if the sites involved in the assessment

were increased in number and not widely separated.

5.1.3 Rotation

It has been proved, palacomagnetically, that there is no rotation involved
in the movement between major blocks (separated by major Variscan dis-

turbances) in the main basin (Group 1) since Late Carboniferous times.

. The mean of Group 2 (the Carmarthen area) and Group 3 (the southern
Pernbrokeshire area) are about 5° and 30° more westerly than the mean of
Group 1 (the Brecon/Abergavenny area) respectively. These discrepancies
caﬂnot be explained in terms of remanence deflection by the susceptibility

anisotropy. From the AMS studies, the magnitude of the anisotropy rarely
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Table 5.1 Group means.

Area .Lat(®) Lon(®) Dec(?) Inc(®) deflection(®)
Group 1 51.8 356.9 193 -4 0
Group 2 51.8 355.6 198 | -10 5
Freshwater East L6 ass1 2l 1 18
Freshwater West 51.7 355.0 234 -11 41
Mill Haven * 51.8 354.8 241 -21 52

Note : * McClelland-Brown (1983)

exceeds 30% and the average value is 12%. McElhinny (1973) pointed out
that even the magnitude is 50%, the total deflection of a magnetisation di-
rection is only 11.6°. Most anisotropy is perpendicular to the bedding plane
(oblat;:, E > 1). Hence, most of this effect would be perpendicular to the
'bgdding plane and not s2nsitive to the declinations in the bedding. These
more westerly declinations for western sites must, therefore, be explained in
terms of a rotation of the area. It is more likely that tectonic rotation caused
palacomagnetic directions in the area to be deflected more for more westerly
sites Table 5.1 lists the amount of the deflection relative to the mean
palagémagnetic direction ‘for Group 1. The mean direction of Group 3 is

the average value of the mean directions for Freshwater East (Locality 10)

and Freshwater West (Locality 11). |

216




5.1.4 Polarity of Westphalian A Sediments

From this study, the polarity of the palacomagnetic direction for the
Westphalian A is overwhelmingly reversed although the palaeofield direc-
tion is applicable to younger times and cannot be unambiguously tested by
means of a fold test. The mean direction from Locality 1 (Clydacﬁ,
Bryr.mawr) may be considercd as a representative of the Westphalia:i A
direction from South Wales. The dip of the strata is sub-horizontal 0° -
12°). The mean in situ direction for 16 sites (69 specimens) is Dec/Inc =
193.7°/2.2° with alpha-95 = 6.1°. This corresponds to a pole position at
Lat/Lon = 35.9°S/339.9°E (dp=3.1° and dm =6.1°) which is very close to
tk : expected pole position for the Upper Carboniferous rocks from scithern

Britain.

The palacomagnetic results from oiher localities show a large within-site
scatter. Most specimens from Locality 2 (Rhigos) showed large alpha-95
values and most specimens from Pembrokeshire (Locality 3 (Saundersfoot)
-and Locality 4 (Little Haven)) had very weak NRMs which are below the
npise level of a Molspin spinner magnetometer. Some specimens from this
a:rea which had their intensities well above the noise level showed Recent
E;ovcrprihts. Due to the time available, only 20 very weak specimens from
Locality 3 (Saundersfoot) were able to be measured with a SQUID
inagnétometer. Thes:e specimené were sampled from a chevron fold called
the Ladiés Cave anticline. All are reversed and the mean direction (the ex-
| pecfed inclination is within -10° and 10°) is Dec/Inc = 202.2°/ 7.9° with

alpha-95=6.5° which is close to the results from Locality 1 (Clydach,
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Brynmawr). However, the age of magnetisation for these specimens appears

to be syn-deformational.

5.1.5 Rock Magnetic Studies

Owing fo very low concentrations of magnetic minerals within the samples
from both red beds and Westphalian A sediments, only IRM techniaues
yielded positive results. The IRM acquisition technique accompanicd by
thermal demagnetisation of two different IRMs (which are orthogonal to
each other) revealed that haematite is responsible for the remanence in the

red beds and magnetite in the Westphalian A sediments from South Wales.

The techhique was also erﬁployed to detect any possible chemical changes
in red bed samples during thermal treatment. It was found that the chemical
changes happened above 500°C for the majority of samples. The new min-
eral is likely to be magnetite. This result is in agrecement with the results re-

porfed by earlier workers (e.g. Dunlop, 1972; Collinson, 1983).

5.2 Discussion and Suggestions

e Since the magnetisation from folded beds may be aéquired during the
straining éssociatgd with folding, the classic fold test based on two k-
yélues (in situ and 100% unfolded) may provide an inéomplete analysis
of progressive tilt adjustment and, if possible, éonsideration of the

'plunge correction should be routinely emplojed in palaeomagnetic
studies.
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There is an obvious relationship between the McElhinny test and the
plunge correction in this study. Failure of the McEihinny test does not
necessarily mean that the remanence is post-folding or that the test is
too stringent. Plunging of the fold axes may also cause the McElhinny

test to be negative.

The result of the fold test suggests that the age of the Neath Disturb-
ance at Locality 1 (Llanthony, Group 1) is probably younger (Triassic
(7)) than the age of the deformation in Lecality 9 (Llanstephan, Group
2). Some specimens from this group also yieclded higher temperature
components which are close to the expected Triassic palaeomagngtic di-
rection for the area. This study has therefore recognised regional vari-

ations in the influence of overprinted and identified temporal variations.

Further palacomagnetic results from the eastern end of the

Castlemartin Corse anticline and the western end of the Freshwater

East anticline are devirable. In conjunction with the r¢su1ts frpm this
research, the results could be used to fully confirm a regional rotation
suggested by McClelland-Brown in 1983 and to determine the amount
of the rotation involved (this study yields a mean estimate of about 10°
less ihan McClelland-Brown’s hypothesis, see Table 5.1). No general
;écord of a Devonian remaneﬁce is present to establish the magnitude

of rotations between Devonian and Permo-Carboniferous times al-

' though AMS results suggest that some measure of rotation took place

between these times.
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Since no normal horizons within the Westphalian A scdiments from
South Wales are found in this study and the observed palaeofield di-
rection is close to those for younger times, magnetostratigraphy of the
Westphaliz_m A remains unresolved. However, further studics of coals
from South Wales or palacomagnetic studies of contemporancous rocks
from other parts of the country are desirable because palacomagnetic
studies of coals seem to be successful fbr magnctostratigraphic purposes

according to Noltimier and Ellwood (1977).

The palacomagnetic results from the Westphalian A from Locality 3
(Saundersfoot, Pembrokeshire) suggest that there is no rotation of the
arca being investigated. This area is located within Zone Ic of Hancock
and others (1983). Fur‘;her palacomagnetic investigation is desirable in
this zone to confirm this results and attempt to declincate the zone of
rotational deformation at the Vafiscan Front in the Southwest Wales
area using palacomagnetic techniques. Since there is no general agree-
ment between geologists on the positioning of the Variscan Front in this
area (see Hancock and others, 1983), palacomagnetic investigations

might be used as a constraint for solving this disagreement.

The iRM studies suggest that the magnetic mineral responsible for the
remanence in the Westphalian A sediments is magnetite. It would be
interésting to study the genesis and domain state of this mineral in these
sediments since the samples from the western area are found to be more

susceptible to a Recent field acquisition than the samples from the

-eastern area.
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APPENDIX A

Table A-1a .Palacomagneﬁc results from South Wales red beds.
in situ/tilt-corrected declination.

Dec/CDec =

Inc/Clnc = in situ/tilt-corrccted inclination.
Tilt/Dir = bedding correction where Dir = dircection of the tilt.
a95 = maximum angular deviation from the straight line determined by

the three or more points in orthogonal plots ( cxcept specimens :

(GGB1)DV3104, DV4702, DV4703 and DV4716 (using Fisher statistics)).

‘The unit of the temperature is °C (cxcept 000 denotes before the treatment).
Comp = Component; LT = Lower Temperature, HT = Higher Temperature
excluded from PC site mean calculation.

PC = Permo-Carboniferous and XX =

SPECIMEN Comp Dec

GGBIDV0101
GGBIDV0101
GGBI1DV0102
GGB1DV0102
GGBI1DV0103
GGB1DV0103
GGBIDV0104
GGB1DV0104
GGBIDV0105
GGB1DV0105

GGB1DV0201
GGB1DV0201
GGB1DV0202
GGB1DV0202
GGB1DV0202
GGBIDV0203
GGB1DV0203
GGB1DV0203
GGBI1DV0204
GGB1DV0204
GGB1DV0205
GGB1DV0205
GGBIDV0205

GGBI1DV0301

" GGB1DV0301

GGB1DV0302
GGB1DV0302
GGBI1DV0303
GGB1DV0303
GGBI1DV0304
GGB1DV0304
GGBIDV0305
GGB1DV0305

GGBIDV0401
GGB1DV0401
GGB1DV0402
GGB1DV0402
GGB1DV0403
GGB1DV0403
~ GGBIDV0404
GGB1DV0404
GGB1DV0405

GGBIDV0405

3210

. 2044

228.2
201.0
266.5
192.5
184.9
196.9
119.2
183.1

211.2
191.5
290.5
197.7
203.7

016.2

211.0
186.1
298.3
187.4
198.5
175.7

 160.6

210.3

122.3.

1924
228.9
219.1
171.5
025.7
208.5
035.5
226.7

044.7

. 006.4

020.5
017.1
012.7
3153
006.3
004.5
024.5
249.5

Inc

10.1

-04.4
-17.3
-05.3
05.9
-30.8
06.8

08.5
11.6
-16.3
-03.3
02.7
-06.9
-14.5
-43.0
-02.6
17.0

Tilt Dir

15 165
15 165
15 165
15 165
15 165
15 165
15 165
15 165
15 165
15 165

15 177
15177
15 177
15 177
15 177
15 177
15 177
15 177

15 177

308.5
205.3
192.7
202.0
246.5
192.1
186.4
191.4
099.8
183.8

206.4
191.3
221.6
197.0
199.9
162.4
212.6
186.0
247.6
187.3
191.4
175.7
162.0

208.1
119.5
187.7
222.5
220.7
176.1
025.0
207.5
026.4
224.7

048.6
009.7
018.6
018.0
014.7
315.1
005.4
359.6
025.5
2439

CDec Clnc

65.1
-11.3
67.3
-12.5
529
-03.7
-23.1
30.1
-61.6
-15.2

24.5
-03.3
75.4
01.5
239
81.1
-16.7
-05.8
73.8
-04.4
49.7
05.0
11.9

05.1
-40.4
134
204
-06.2
-30.7
00.8

-26.4
06.7

16.1
284
-01.6
11.8
18.6
10.4
02.6
-25.3
10.9
15.9

a95 Temp. range

11.1
04.9
16.6
05.6
254
07.2
07.3
12.4
23.8
07.6

20.1
06.5
27.3
07.5
05.7
40.0
06.2
06.2
31.3
09.8
33.0
02.9
19.4

10.3
211
28.7
204
14.4
13.5

03.5
02.7
05.8

41.0
07.9
13.9
08.9
16.6
08.2
13.6
17.1
13.6
36.7

000 - 150
200 - 625
000 - 150
200 - 625
000 - 150
200 - 720
000 - 400
450 - 720
000 - 150
200 - 720

000 - 300
350 - 600
000 - 350
400 - 600
625 - 720
000 - 350
400 - 600
625 - 720
000 - 350
400 - 720
000 - 350
400 - 500
550 - 720

100 - 550
600 - 700
000 - 500
550 - 700
000 - 550
600 - 700
100 - 200
250 - 760
100 - 200
250 - 675

- 000 - 300

350 - 700
000 - 550
600 - 675
000 - 600
625 - 700
000 - 550
600 - 700
000 - 500
550 - 700

Al



GGBI1DV0501
GGBI1DV0502
GGB1DV0503
GGB1DV0504
GGBI1DV0505

GGBIDV0601
GGBIDV0602
GGB1DV0603
GGBI1DV0604
GGBI1IDV0605

GGBIDV0701
GGBIDV0701
G3BIDV0702
GGBIDV0702
GGBI1DV0703
GGBIDV0703
GGBIDV0704
GGBI1DV0704
GGBIDV0705
GGBIDV0705

GGB1DV0801
GGBIDV0802
GGBI1DV0803
GGBIDV0804
GGBIDV0805

GGBIDV0901
GGBIDV0902
GGBIDV0903

GGBIDV1001
GGB1DV1002
GGBIDV1003
GGB1DV1004
GGBIDV1005

- GGBIDV1201

- GGB1DV1202

GGBIDV1203
GGB1DV1204
GGBIDV1205

GGBIDV1401
GGB1DV1402
GGBIDV1402
GGBI1DV1403
GGBIDV1403
GGBI1DV1404
GGBIDV1404
GGB1DV1405
GGB1DV1405

GGBIDV1501

GGBIDV1501
GGB1DV1502
GGBIDV1503
GGBI1DV1503
GGBIDV1504

211.2
209.2
2129
211.9
206.9

208.6
208.5
204.0
208.4
214.6

019.0
209.1
106.7
208.7
310.0
206.4
2248
210.0
287.2
212.6

209.8
201.2
210.5
2054
206.8

200.1
206.8
202.5

213.5
207.1
207.8
207.8
206.8

199.0

199.9 .

195.7
194.5
199.6

197.3
186.1
187.2
201.4
189.9
237.0

. 194.1

247.1
180.6

181.6
2727
194.6
186.9
225.3
192.0

-00.5

00.4
-02.2
-01.5
-03.2

03.5
-01.3
01.4
02.1
00.3

71.4
00.9
-74.1
00.7
75.8
-02.1
333
15.1
45.0
03.6

-11.6
-14.9
-11.3
-12.2
-13.7

-04.4
-05.7
-04.8

-00.3
-04.4
-03.4
-03.9
-05.2

-03.9
-01.5
-04.9
-06.5

02.5

-09.2

7.1

-40.3
60.6

-06.1
86.2
01.9
74.6
02.6

04.4
-86.4
-02.1

09.9

31.9
-01.0

18 167
18 167
18 167
18 167
18 167

10 190
10 190
10 190
10 190
10 190

48 168
48 168
48 168
48 168
48 168
48 168
48 168
48 168
48 168
43 168

40 340
40 340
40 340
40 340
40 340

64 333
64 333
64 333

45 349
45 349
45 349
45 349
45 349

65 342
65 342
65 342

65 342

15 165
I5 165
15 165
15 165
15 165
15 165
15 165
15 165
15 165

15 165
15 165
15 165
15 165
15 165
15 165

2127

210.5
214.9
213.7
209.0

208.7
208.8
204.2
208.5
214.9

150.5
219.8
009.0
219.7
182.4
219.3
2124
2119
2325
221.3

210.6
201.4
211.4
206.5
206.9

216.4
219.6
217.7

223.1
2143
215.5
215.2
213.5

218.4
221.9
2143
211.4
226.2

199.6
177.2

194.2
190.6
191.4
177.8
194.7
207.7
180.9

181.8
3329
195.7
186.6
218.6
193.0

-13.3
-12.9
-14.5
-14.1
-16.9

-05.9
-10.8
-08.3
-07.4
-08.8

56.9
-33.3
-47.8
-33.7

52.4
-37.3

01.5
-21.0

46.8
-29.1

14.6
15.7
14.6
16.2
14.2

35.2
29.0
33.0

30.1
30.1
30.5
30.1
29.5

43.9
44.8
45.6
45.3
473

-21.8
56.6
-53.9
47.7

-19.6
734

-11.2
67.2

-11.8

-10.0
-73.6
-15.1
-04.0

23.7
-14.3

02.7
02.0
02.4
05.5
03.8

04.6

024

03.3
04.8
03.8

02.8
02.6
02.8
03.3
02.5

04.6
03.8
04.9
05.9
07.0

05.5
10.2
09.3
18.8
04.3
21.2
04.8
15.0
07.0

05.9
08.0
09.8
13.5
04.8
09.3

000 - 720
000 - 720
000 - 720
000 - 550
000 - 550

000 - 700
000 - 700
000 - 700
000 - 700
000 - 700

000 - 250
300 - 720
000 - 200
250 - 720
000 - 200
250 - 720
000 - 250
300 - 700
000 - 200
250 - 700

000 - 720
000 - 720
000 - 720
000 - 700
000 - 675

000 - 720
000 - 720
000 - 720

000 - 700
000 - 700
000 - 675
000 - 700
000 - 675

000 - 720
000 - 700
000 - 675
000 - 700
000 - 700

100 - 700
000 - 200
250 - 700
000 - 250
300 - 700
000 - 250
300 - 700
000 - 250
300 - 700

100 - 625
650 - 700
150 - 700
100-- 500

550 - 700 -

100 - 700

A2



GGBIDV1505
GGBIDV1505

GGBI1DV1601
GGBIDV1601
GGBIDV1602
GGB1DV1603
GGBIDV1603
GGBIDV1604
GGBIDV1604
GGBIDV1604
GGBIDV1605
GGBIDV1605
GGB1DV1605

GGBI1DV1701
GGB1DV1701
GGB1DV1702
GGBI1DV1702
GGBIDV1703
GGBIDV1704
GGB1DV1704
GGB1DV1704
GGB1DV1705
GGBI1DV1705

GGB1DV1801
GGBIDV1801
GGBI1DV1801
GGB1DV1802
GGBIDV1802
GGBI1DV1802
GGB1DV1803
GGBiDV1803
GGBIDV1804
GGB1DV1804
GGBIDV1805
GGBIDV1805

GGBIDV1901
- GGBIDV1902
GGBIDV1902
GGBIDV1903
GGBIDV1903
GGBIDV1903
GGBIDV1904
GGB1DV1904
GGBIDV1905
GGBIDV1905

GGB1DV2001
GGBIDV2001
GGB1DV2002
GGB1DV2002
GGB1DV2003
GGB1DV2004

GGB1DV2101
GGB1DV2102
GGBIDV2103
GGBIDV2104
GGB1DV2105

19.5
220

03.8
29.3
03.0
-00.5
-09.8
76.6
-08.8
-193
67.8
-13.3
55.2

72.1
02.9
06.2
-66.6
05.6
73.2
-05.9
41.6
03.7
04.0

1869

165
165

165
165
165
165
165
165
165
165
165
165
165

165
165
165
165
165
165
165

165

165
165

165

165

132

132

190.5

04.5
09.5

-10.4
16.3
-11.8
-14.0
05.1
81.9
224
-30.4
82.0
-27.8
70.2

57.1
-11.4
-07.8
-66.7
-08.2

61.3
-20.3

37.4
-10.5

13.3

74.0

212

70.6
-24.9
70.4
-19.1
-24.2
-21.7

-25.6
-14.9
-18.8
-20.0
-15.1

36.5
05.8

09.9
20.2
12.0
02.6
28.1
05.8
07.5
433
07.3
11.6
19.8

09.8

06.8

09.4
17.6
06.7
10.6
06.0
08.8
07.8
237

17.8

000 - 350
400 - 700

100 - 550
600 - 700
100 - 700
150 - 350
400 - 675
000 - 150
200 - 400
450 - 700
000 - 150
200 - 400
450 - 700

000 - 150
200 - 700
100 - 500
550 - 700
100 - 700
000 - 150
200 - 600
625 - 700
100 - 550
600 - 700

000 - 250
300 - 600
625 - 700
000 - 150
200 - 500
550 - 700
000 - 100
250 - 675
000 - 250
300 - 650
000 - 250
300 - 700

150 - 700
150 - 550
600 - 700
000 - 200
250 - 400
450 - 700
100 - 500
550 - 700
100 - 450
500 - 700

000 - 200
250 - 625
000 - 200
250 - 700
100 - 700
100 - 650

000 - 660
000 - 620
000- 620
000 - 620
000 - 640

A3



GGBI1DV2106
GGB1DV2107
GGBI1DV2108
GGBIDV2109
GGBIDV2110
GGBI1DV2111

GGBIDV2201
GGBIDV2202
GGB1DV2203
GGBI1DV2204
- GGB1DV2205
GGBI1DV2206
GGBIDV2207
GGBIDV2208
GGB1DV2209

GGB1DV2301
GGB1DV2301
GGB1DV2302
GGBIDV2303
GGB1DV2304
GGB1DV2305
GGBIDV2306
GGBI1DV2307

GGB1DV2401
GGB1DV2401
GGB1DV2402
GGB1DV2402
GGB1DV2403
GGB1DV2403
GGB1DV2404
GGB1DV2405
GGB1DV2406
GGB1DV2406
GGB1DV2407
GGB1DV2407
GGB1DV2408
GGB1DV2409
- GGBI1DV2410
GGB1DV2410
GGB1IDV2411
GGB1DV2411
GGBIDV2412
GGB1DV2412
GGB1DV2413
GGB1DV2413
GGB1DV2414
GGBIDV2414
GGBIDV2415
GGBIDV2415
GGBI1DV2416
GGB1DV2416
GGB1DV2417
GGBI1DV2417

GGB1DV2501
GGBIDV2501
GGBI1DV2502
GGBIDV2502
GGBI1DV2503

186.5
196.6
183.5
182.6
181.3
186.4

184.8
192.0
189.8
186.4
185.9
193.3
189.1
188.6
186.3

278.8
195.4
194.3
189.1
188.8
194.7
190.3
192.3

007.2
201.6
219.0
200.4
008.7
201.2
192.6
196.3
203.9
193.2
229.5
186.2
205.9
197.9
356.”

2023

192.9
201.5
198.7
191.9
180.7
190.4
192.8
187.1
173.3
187.3

- 030.2

190.0
045.5
186.9

339.8
194.1
024.5
194.0
020.7

-08.6

12.2
-00.8
-11.1
-09.0
-11.8

-17.2
-04.1
-09.9
-10.8
-19.6
-02.7
-02.7
-02.5
-03.7

-79.2
-18.6
-19.1
-16.7
-14.7
-10.0
-15.8
-13.8

-12.5

103.3

524
02.5
429
14.9
08.1
03.0
19.3
08.1

10.7
16.3
27.0
23.6
16.3

13.5
124
13.1
50.5
20.1
17.2
17.6
49.4
18.2
59.2

53.4
13.9

19.9
10.2
52.2
03.4
-02.0

132
132
132
132
132
132

123
123
123
123
123
123

123

162

162

223

-27.0
-12.2
-18.3
-20.5
-28.8
-10.4
-12.0
-11.9
-14.0

-66.7
-26.1
-26.8
-25.5
-23.6
-17.8
-24.4
-22.0

36.0
-35.4

06.3
-43.1

70.9
-32.5
-42.7
-45.1
-27.1
-42.4
-39.3
-42.9
-28.7
-25.1

76.0
-31.0
-16.4
-33.6
-36.2
-39.7
-09.8
-34.6
-35.9
-38.3
-11.9
-37.7

-44.4
37.7
-41.7

81.6
-40.8
50.3
-46.0
422

03.8
14.5
08.5
10.8
08.2
10.3

18.9
05.2
03.5
05.2
05.8
08.2
03.8
05.6
04.1

17.5

000 - 640
000 - 580
000 - 700
000 - 580
000 - 580
000 - 680

000 - 580
000 - 640
000 - 660
000 - 680
000 - 640
000 - 620
000 - 660
000 - 680
000 - 640

000 - 200
250 - 700
000 - 640
000 - 640
000 - 640
000 - 640
000 - 640
000 - 700

000 - 300
350 - 640
000 - 300
350 - 620
000 - 250
300 - 580
100 - 640

- 000 - 680

000 - 300
350 - 660
000 - 200
250 - 700
100 - 700
100 - 680
000 - 200
250 - 620
000 - 300
350 - 620
000 - 300
350 - 620
000 - 300
350 - 620
000 - 300
350 - 600
000 - 300
350 - 600
000 - 200
350 - 620
000 - 250
300 - 600

000 - 250
300 - 660
000-- 250

300 - 660 -

000 - 300

Ad



GGB1DV2503
GGBI1DV2504
GGBIDV2504
GGBIDV2505

GGBI1DV2505 1

GGBI1DV2506
GGBI1DV2506
GGBI1DV2507
GGBIDV2507
GGB1DV2508
GGBIDV2509
GGB1DV2509
GGBIDV2510

GGBI1DV2601
GGBIDV2601
GGBIDV2602
GGB1DV2602
GGBI1DV2603
GGB1DV2603
GGB1DV2604
GGB1DV2604
GGBIDV2605
GGB1DV2606
GGB1DV2606
GGBIDV2607
GGB1DV2608
GGB1DV2609
GGBIDV2609
GGBIDV2610
GGB1DV2611
GGBIDV2611
GGBIDV2612
GGB1DV2612
GGB1DV2613
GGBIDV2613
GGBIDV2614
GGB1DV2615
GGB1DV2615

- GGBIDV2704
GGBIDV2706
GGBIDV2707
GGBIDV2708
GGB1DV2709
GGBI1DV2710
GGBIDV2711
GGBIDV2712
GGBIDV2713
GGB1DV2714
GGB1DV2714
GGBIDV2715
GGB1DV2715
GGBI1DV2716
GGBI1DV2716
GGBIDV2717
GGBIDV2717
GGB1DV2718
GGBIDV2718
GGBIDV2719
GGBIDV2719
GGBI1DV2720

198.0
003.1
189.1
020.4
194.6
027.2
192.2
016.5
195.7
208.3
016.3
200.1
1954

175.6
200.6
087.0
205.1
007.2
035.4
344.6
065.6
207.8
323.2
211.1
216.1
116.9

303.8 -
2954

359.8
048.2
337.3
294.9
205.5
168.6
355.1
202.6
300.3

2064

208.1
207.3
207.1
208.0
205.5
213.0
208.1
216.8
209.8
228.2
211.2
121.4

. 209.8

121.7
210.5
164.0
200.7
276.0
207.1
027.8
210.4
012.0

09.2

20.0

-10.0
-06.6

-03.6

39.7

-09.6
-04.5
-10.7

-04.3
27.7
-07.9
-69.8
-08.0
29.3

62 162
62 162
62 162
62 162
62 162
62 162
62 162
62 162
62 162
62 162
62 162
62 162
62 162

54 330
54 330

54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330
54 330

54 330

2103

151.1
198.7
143.4
200.2
127.5
207.5
033.3

-209.0

2243
029.0
2109
199.7

154.1
205.4
096.2
208.3
340.8
049.9
334.7
073.2
209.2
326.5
212.2
217.5
114.0
243.0
277.4
007.9
049.0
345.0
254.9
205.1
185.3
009.9
204.0
2514
205.5

211.6
214.1
2115
213.0
209.1
219.2
211.3
223.2
2149
179.4
215.2
130.8
215.9
1174
217.0
164.8
204.6
261.3
2125
006.1
216.0
023.2

-39.0
47.1
-41.9
43.8
-34.1
47.1
-45.4
43.7
-41.3
-354
40.4
-36.5
-32.2

-28.4
23.0
04.6

223
-23.2
18.6
-02.8
16.5
05.2

12.8
279
-67.9
-44.5
-37.0
-06 6
-60.7
-56.5
15.7
56.9
-48.5
18.7
-63.2
14.9

-20.2
-29.8
-23.5
-24.8
-21.7
-25.7
-19.5
-24.9
-24.0

60.9
-20.7

20.4
-26.9
-21.8
=217

354
-24.5

333
-26.1
-47.9
-25.2

50.8

13.6

214

350 - 700
000 - 300
350 - 680
000 - 200
250 - 680
000 - 250
300 - 660
000 - 200
250 - 700
000 - 700
000 - 200
250 - 700

1000 - 700

000 - 200
250 - 640
000 - 200
250 - 600
000 - 200
250 - 640
000 - 200
250 - 640
000 - 640
000 - 150
200 - 640
000 - 700
000 - 700
000 - 200
250 - 700
000 - 700
000 - 250
300 - 700
000 - 200
250 - 790
000 - 250
300 - 700
100 - 640
000 - 200
250 - 700

000 - 700
000 - 700
000 - 700
000 - 700
000 - 700
000 - 700
000 - 640
000G - 700
000 - 700
000 - 200
250 - 640
000 - 200
250 - 660
000 - 250
300 - 700
000 - 200
250 - 700
000 - 200
250 - 700
000-- 200
250 - 700
000 - 200



GGBIDV2720
GGBIDV2721
GGB1DV2721
GGBI1DV2722
GGBI1DV2722

GGBI1DV280!1
GGBI1DV2801
GGBI1DV2802
GGBI1DV2802
GGBI1DV2803
GGB1DV2803

GGB1DV2901
GGB1DV2901
GGBIDV2902
GGB1DV2902
GGBIDV2903
GGB1DV2903
GGB1DV2904
GGB1DV2904
GGB1DV2905
GGB1DV2906
GGBIDV2906
GGB1DV2907
GGBI1DV2907

GGBIDV3001
GGB1DV3001
GGBI1DV3002
GGB!DV3002
GGB1DV3003
GGBI1DV3003
GGBiDV3004
GGBI1DV3004
GGBI1DV3005
GGBIDV3005
GGBI1DV3006
GGB1DV3007
GGBI1DV3008

GGB1DV3101
GGBI1DV3101
GGB1DV3102
GGBI1DV3103
GGBIDV3103
GGBIDV3194
GGB1DV3105
GGB1DV3105
GGBIDV3106
GGB1DV3106
GGBIDV3107

GGBI1DV3201
GGBI1DV3202
GGB1DV3203
GGB1DV3203
GGB1DV3204
GGBIDV3204
GGBIDV3205
GGB1DV3206
GGB1DV3209

206.2
121.4
202.7
020.7
202.2

148.2

133.5
038.6
220.5
185.5
210.5

231.3
206.9
134.5
206.2
326.4
190.4
127.3
197.9
210.1
192.2
200.4
289.1
2174

125.5
203.0
260.8
199.6
261.5
206.7
233.6
199.0
152.8
200.0
199.4
205.2
208.7

179.2
204.9
204.0
002.7
208.8
207.2
045.5
195.7
054.6
206.6
197.1

200.6
197.9
099.5
191.2
107.8
197.5
210.2
208.2
184.7

-04.2
37.0
-05.7
06.1
-03.5

74.5
19.1
57.5
-03.3
-334
-056.3

09.1
-18.4
06.9
-11.5
-13.7
-10.1

06.2
-14.9
10.4
-133
-45.5
-10.2

159.6

-67.7

03.3
-05.4
-67.9
-01.3

61.1
-01.7
-04.3
-03.9
-10.4

166
166
166
166
166

180

180

000

000
000

000
000
000

000
000
000

-210.3

1299
207.1
025.1
206.0

162.8
136.0
058.8
2219
186.8
212.1

2313
206.9
134.5
206.2
326.4
190.4
127.3
197.9
210.1
192.2
200.4
289.1
217.4

131.5
202.6
258.9
199.1
263.0
206.6
289.9
198.9
165.4
199.8
199.2
204.9
208.6

-22.9
17.7
-25.3
26.2
-23.3

61.7
09.3
67.0
-13.8
-47.3
-18.3

09.1
-18.4
06.9
-1L5
-13.7
-10.1
02.4
06.2
-14.9
10.4
-13.3
-45.5
-10.2

61.8
-08.2
69.3
-10.0

-02.4
-71.0
-03.2

723
-04.6
-05.9
-06.1
-04.6

23.5
01.9
01.0
14.7
-07.7
-08.1
42.5
-06.9
-11.0
-05.2
04.9

03.3
-05.4
-67.9
-01.3

-01.7
-04.3
-03.9
-10.4

03.9
01.8
03.8
09.7
03.9

25.7
03.1
25.6
07.3
263
05.3

30.9
04.8
20.1
03.0
328
05.6
234
09.3
06.3
23.3
05.2
06.6
06.4

19.9

250 - 700
000 - 150
200 - 700
000 - 150
200 - 700

000 - 250
300 - 700
000 - 150
200 - 700
000 - 200
250 - 700

000 - 350
400 - 580
000 - 150
200 - 580
000 - 150
200 - 550
000 - 150
200 - 550
000 - 700
000 - 300
350 - 550
100 - 250
300 - 700

000 - 150
200 - 600
000 - 150
200 - 600
000 - 350
400 - 620
000 - 356
400 - 620
000 - 200
250 - 580
000 - 700
000 - 680
000 - 700

100 - 300
350 - 580
000 - 550
000 - 300
350 - 550
000 - 350
000 - 300
350 - 550
000 - 350
400 - 550
000 - 700

000 - 620
000 - 680
000 - 300
350 - 600
000 - 250
300 - 600
000 - 600

000 - 600 .

000 - 680
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GGBIDV3301
GGBIDV3302
GGBIDV3303
GGBIDV3303
GGB1DV3304
GGBIDV3305

GGB1DV3401
GGB1DV3402
GGB1DV3403
GGBIDV3404
GGBI1DV3404
GGBI1DV3405
GGB1DV3406
GGBI1DV3407
GGB1DV3408
GGB1DV3409

GGBI1DV3501
GGB1DV3501
GGBI1DV3502
GGB1DV3503
GGB1DV3503
GGB1DV3503
GGBIDV3504
GGB1DV3505
GGBI1DV3505
GGBI1DV3506

GGBIDV3506 |

GGBIDV3507

GGBIDV3507 |

GGBIDV3507
GGBIDV3503
GGBIDV3508
GGB1DV3509
GGBIDV3509
GGBIDV3509
GGBIDV3510
GGBIDV3510
. GGBIDV3511
GGBIDV35l11
GGBIDV3511
GGBIDV3512
GGBIDV3512
GGBIDV3513
GGBIDV3513

GGB1DV3601
GGBI1DV3601
GGBI1DV3601
GGB1DV3602
GGBIDV3602
GGBIDV3603
GGBIDV3603
GGBIDV3604
GGBIDV3604
GGBI1DV3604
GGBI1DV3605
GGBI1DV3605
GGB1DV3606
GGBIDV3606

207.5
203.8
228.4
208.9
2129
2123

208.1
208.4
206.6
176.5
205.7
214.1

-19.4°

-18.6

41.9
-23.5
-19.3
-11.1

118
39.4
00.7

327
327
327
327
327
327

324

324

202.3

199.8
262.7
201.1
206.5
211.0

211.6
207.6
203.9

03.1

12,9

40.9
-17.6
17.9
43.8
-11.3
-13.3
09.1
15.9
-04.7
40.0

- 484

-14.0
4038
-00.7

05.9
09.2
13.8
08.4
09.1
12.3

12.7
10.4
11.4
16.0
08.8
10.6
07.5
03.1

18.8

20.5
16.7
09.3
14.6

17.6
06.2
12.1

17.3
09.9
23.0
20.4
13.8
17.5
36.8
10.9
30.0
06.8

115

12.3
37.2
12.2
12.4

288

08.7
10.3

28.3
15.2
06.9

09.8
14.1
11.9
31.0

30.3
18.8
07.8
22.7
05.1

100 - 600
000 - 600
000 - 200
250 - 580
000 - 580
000 - 580

000 - 580
000 - 580
000 - 600
000 - 200
250 - 600
000 - 600
000 - 660
150 - 660
000 - 700
000 - 660

000 - 400
450 - 640
000 - 640
009 - 250
300 - 550
580 - 660
000 - 700
000 - 550
580 - 700
000 - 620
640 - 700
000 - 200
250 - 580
600 - 700
100 - 300
350 - 700
000 - 300
350 - 580
600 - 680
000 - 200
250 - 680
000 - 250
300 - 580
600 - 700
000 - 500
550 - 700
000 - 350
400 - 700

000 - 250
300 - 500
550 - 680
000 - 300
350 - 660
000 - 250
300 - 640
000 - 200
250 - 600
620 - 700
000 - 250
300 - 660
000 - 350
400 - 700
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GGB1DV3701
GGBIDV3701
GGBIDV3701
GGB1DV3702
GGBIDV3703
GGB1DV3703
GGBIDV3703
GGB1DV3704
GGBIDV3705
GGB1DV3705
GGB1DV3706
GGBIDV3706
GGBIDV3707
GGBI1IDV3707
GGBIDV3708
GGBI1DV3708
GGBI1DV3709
GGB1DV3709
GGB1DV3709
GGBI1DV3710
GGBIDV3710
GGB1DV3710
GGB1DV3711
GGBI1DV3711
GGBIDV3712
GGBI1DV3712
GGBI1DV3713
GGBIDV3713

GGBIDV3801
GGB1DV3801
GGB1DV3801
GGBIDV3802
GGBI1DV3802
GGB1DV3802
GGBI1DV3803
GGB1DV3803
GGBIDV3803
GGBI1DV3804
- GGB1DV3804

- GGBIDV3804

GGBIDV3805
GGB1DV3805
GGB1DV3805
GGB1DV3806
GGB1DV3806
GGB1DV3806
GGBIDV3807
GGBI1DV3807
GGB1DV3808
GGBIDV3808
GGB1DV3808

GGBI1DV3901
GGB1DV3901

GGB1DV3901.

GGB1DV3902
GGBIDV3902
GGBI1DV3902
GGB1DV3903
GGBIDV3903

255.6
199.9
141.0
184.3
358.0
190.7
126.0
178.7
199.8
1454
191.8
160.6
188.7
156.5
184.5
167.5
308.1
185.7
110.3
302.2
184.9
149.4
202.2
144.9
3224
171.3
198.6
147.6

226.5
194.0
127.6
180.6
205.3
137.1
110.4
182.2
178.8
293.2
186.6
142.7
196.7
190.2
145.8
152.4
181.4
137.0
349.2
189.6
216.3
183.2
162.2

077.3
190.0
192.3
228.3
195.1
190.5
213.5
197.2

64.9
213
-22.7
14.1
62.6
17.1
-05.0
22.0
23.1
05.4
24.6
-03.2
18.9
10.6
-08.2
-17.0
65.0
13.3
-12.6
393
16.2
-01.0
10.1
-43.7

-41.0

13.1
:33.9
-42 8

80.7
13.8
-13.0
79.6
19.6
-24.0
74.9
26.6
-02.8
81.5
08.2
08.4

02.6
213
72.8
-01.9
-37.9
67.1
-18.4
59.6
20.7
04.8

36.7
-10.0

38.5
-08.0
322
38.7
-00.8

40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140

40 140
40 140
40 140
40 140
40 140
40 140
40 140

40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140
40 140

02 275
02. 275
02 275
02 275
02 275
02 275
02 275
02 275

54.2
-01.3
-62.6
-15.1
65.9
-09.4
-43.5
-10.3
00.2
-344
-02.4
-40.1
-08.8
-27.7
-34.3
-50.3
73.7
-15.1
-45.4

-12.9
-40.3
-09.3
-82.9
80.8
-21.2
08.6
-81.1

48.6
-10.6
-51.7

41.7

00.2
-63.9

36.4
-04.8
-32.6

-19.1
-31.6
08.7
-22.1
-18.5
33.1
-30.5
N
67.5
-39.6
35.7
-09.7
-32.0

38.6
-10.2
34.5
37.1
-08.3
32.0
37.7
-01.3

16.4
16.3
12.5
10.4
11.8
203
10.8
10.8
18.5
12.3
17.9
14.7
15.7
19.7
16.9
29.7
14.5
13.2
11.5
26.2
12.6
14.7
20.9
15.2
30.8
11.6
22.6
21.1

21.2
10.0
05.0
274
17.8

07.1
26.1

04.0
224
09.4
15.4
43.7
10.4
19.5

10.2
06.9
29.8
12.0
274
09.9
07.2

29.5
11.2
14.3
40.6
10.1
08.6
13.1
06.3

000 - 300
350 - 550
580 - 680
000 - 700
000 - 200
250 - 550
580 - 680
000 - 700
000 - 550
580 - 680
150 - 550
580 - 700
000 - 500
550 - 700
000 - 500

550 - 700

000 - 200
250 - 550
580 - 700
000 - 300
350 - 550
580 - 700
000 - 500
550 - 700
000 - 300
350 - 700
000 - 550

580 - 700

000 - 300
350 - 550
580 - 680
000 - 300
350 - 550
580 - 700
000 - 300
350 - 580
600 - 700
000 - 300
350 - 550
580 - 680
000 - 250
300 - 500

550 - 700.

000 - 350
400 - 600
620 - 680
000 - 250
300 - 700
000 - 250
300 - 500
550 - 700

000 - 300
350 - 620
640 - 700
100 - 350
400 - 620
640 - 700

150 - 300

350 - 640
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GGB1DV3904
GGBI1DV3904
GGBIDV3905
GGBIDV3905
GGBIDV3905
GGBI1DV3906
GGBIDV3906
GGBIDV3906
GGBIDV3907
GGBIDV3907
GGBIDV3907
GGBI1DV3908
GGB1DV3908
GGBIDV3908
GGBI1DV3909
GGBI1DV3909

GGBIDV3909

GGBIDV3910
GGB1DV3910
GGBI1DV3910
GGBIDV3911
GGB1DV3911
GGBIDV3911
GGBI1DV3912
GGBiIDV3912
GGBIDV3913
GGB1DV3913
GGBIDV3913
GGBIDV3914
GGBIDV3914
GGBIDV3915
GGBIDV3916
GGBIDV3918
GGBIDV3918
GGBIDV3919
GGB1DV3919
GGBI1DV3919
GGBIDV3920
GGBI1DV3920
GGBI1DV3921
. GGBI1DV3921
GGBI1DV3921

GGBI1DV4001
GGBI1DV4001
GGBI1DV4001
GGBI1DV4002
GGBi1DV4002
GGB1DV4002
GGBI1DV4003
GGB1DV4004
GGBI1DV4004
GGB1DV4004
GGB1DV4005
GGB1DV4006
GGB1DV4007
GGBI1DV4007

GGB1DV410!1
GGBI1DV4101
GGBIDV4102
GGB1DV4102

209.8
198.5
221.2
190.1

214.0
079.9
187.9
220.8
070.1

184.8
252.5
331.1

185.8
222.6
095.3
198.2
2384
222.4
191.9
212.9
226.6
189.9
298.1
200.5
186.8
091.6
192.9

198.1 -

003.1
188.1
195.5
150.0
027.4
192.3
049.7
175.4
261.8
013.0
188.7
2153
186.0

245.2

226.2
186.0
220.1
221.8
184.2
217.7
192.0
225.2
197.0

. 2116

194.4
196.3
184.9
224.3

190.2
206.2
181.9
196.5

139

47, 3

-05.6
-55.5
-09.6
-59.9

2122

198.5
218.1
189.6
215.2
079.0
187.5
221.4
069.8
184.7
253.1
3299
185.5
2229
095.3
197.7
239.0
2239
191.5
215.7
227.0
190.1
297.9
20L.5
185.9
091.8
192.2
198.4
003.0
188.2
195.7
190.2
027.1
192.1
049.9
175.3
261.9

-012.7
- 188.5

216.6
186.2
245.6

244.6

185.8
2213

2471

184.9
221.1
192.4
251.0
196.6
213.1
196.4
195.2
183.0
230.7

190.8
214.9
1829
206.7

524

23.1

-71.7
00.8
-11.4

-76.2

-09.0
-29.1

-06.1

-76.4
02.6
-14.7

21.6
10.5
18.9
-46.6

-08.6
-56.4
-133
-61.8

12.5

I50 - 300
350 - 700
000 - 300
350 - 550
580 - 700
000 - 250
300 - 600
620 - 700
100 - 250
300 - 580
600 - 700
000 - 300
350 - 550
580 - 760
100 - 250
300 - 580
600 - 700
100 - 250
300 - 550
580 - 700
000 - 200
250 - 600
620 - 700
150 - 250
300 - 550
000 - 300
350 - 580
600 - 700
000 - 200
250 - 700
000 - 550
000 - 700
000 - 300
350 - 680
100 - 250
300 - 550
600 - 700
000 - 200
250 - 700
000 - 150
200 - 550
580 - 700

000 - 200
250 - 550
580 - 640
000 - 200
250 - 500
580 - 620

000 - 640 -

000 - 200
250 - 550
580 - 680
000 - 700
000 - 700
000 - 450
500 - 640

000 - 500
550-- 700
000 - 500
550 - 700

A9



GGB1DVA4103
GGB1DV4103
GGB1DV4103
GGBIDV4104
GGBIDV4104
GGB1DV4104
GGB1DV4105
GGB1DV4105
GGB1DV4105
GGBI1DV4106
GGB1DV4107
GGB1DV4107
GGB1DV4107
GGBI1DV4108
GGB1DV4108
GGB1DV4108

GGB1DV4109 .

GGB1DV4109
GGBI1DV4109
GGBI1IDV4110
GGBIDV4110
GGB1DV4111
GGBI1DV4111
GGBI1DV4112
GGBI1DV4l112

GGBI1DV4201
GGBIDV4201
GGBI1DV4201
GGBI1DV4202
GGB1DV4202
GGB1DV4202
GGB1DV4203
GGB1DV4203
GGB1DV4203
GGB1DV4204
GGB1DV4204
GGB1DV4205
GGBI1DV4205
GGBI1DV4206
-GGB1DV4206
GGBI1DV4207
GGBI1DV4207
GGB1DV4207
GGB1DV4208
GGB1DV4208
GGB1DV4209
GGB1DV4209
GGB1DV4209

GGB1DV4301
GGBI1DV4302
GGBI1DV4303
GGBI1DV4304
GGB1DV4305
GGB1DV4306
GGBI1DV4307
GGB1DV4308
GGB1DV4309
GGB1DV4309
GGB1DV4310
GGB1DV4311

64.1
-15.6
-34.2

353
-13.4
-51.2

13.2
-03.8
-30.1
-20.9

76.8
-14.6
-52.5

024
-08.2
-56.8

09.8
-01.1
-38.8

33.0
-154

334
-16.8

31.7
-07.9

229
-10.3
2452

37.5
-10.2
-35.1

48.1
-27.6
-46.1

30.5
-17.4
-22.5

14.5

02.6
-17.0
-29.3
-08.4
-40.3

53.9
-09.5

50.0
-07.9
-13.1

05.7
07.1

02.0.

02.8
-03.7
09.5
-08.3
06.0
254
-18.3
-09.2
02.4

06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130

032.8
180.9
195.5
053.7
189.8
218.5
008.9
187.7
167.8
199.5
208.9
195.7
256.9
3543
203.3
208.8
336.2
190.0
255.0
016.7
167.6
011.0
178.1
049.4
199.0

06 130
06 130
06 130
06 130
06 130
06 130
06" 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130
06 130

007.2
176.9
181.8

020.7
189.1
224 4
037.7
179.1
218.0
012.7
188.1
052.4
142.3

359.0
231.0
269.4
190.8
2004

036.7
193.7

039.1
196.7
160.4

39 172
39 172
39 172
39 172
39 172
39 172
39 172
39 172
39 172
39 172 2464
39 172 284.2
39 172 221.2

2153
209.3
208.0
206.5
2224
204.6
219.1
217.1
263.7

65.5

-35 6

-10.1

39.8
14.3
10.2

220
08.9
07.8

38.0
02.8
14.8
15.6

244
25.1
14.4

33.7
26.7
25.6
16.3
19.7
246

24.8
19.5
17.7
15.2

27.0

22.7

25.0
13.1
08.0
12.3
05.2
05.2
06.8
234
00.2
08.8
05.1
19.8

219
16.0
23.5
104
02.6
21.0

129.0

06.2
37.2

21.2
13.4
11.7
08.2
09.2
14.3
16.4
15.4
16.8
15.3
12.1
12.9

000 - 200
250 - 500
550 - 700
000 - 300

350 - 580

600 - 700
000 - 300
350 - 580
600 - 760
000 - 580
000 - 200
300 - 580
600 - 660
000 - 150
200 - 580
600 - 680
000 - 200
250 - 400
450 - 680
000 - 200
250 - 450
000 - 150
200 - 450
000 - 200
250 - 550

000 - 150
200 - 500
550 - 680
000 - 150
200 - 550
580 - 680
000 - 150
200 - 500
550 - 660
000 - 150
200 - 600
000 - 640
660 - 700
000 - 350
400 - 550
000 - 150
200 - 450
500 - 580
000 - 150

200 - 500 -

000 - 150
200 - 500
550 - 700

000 - 620
000 - 620
000 - 620
000 - 620
000 - 550
000 - 620
000 - 550
000 - 600
000 - 200
250 - 600
000 - 600
000 - 550

Al0



GGB1DV4312
GGB1DV4312
GGBI1DV4313
GGBI1DV4313
GGB1DV4314
GGB1DV4315
GGB1DV4315
GGBI1DV4316
GGBIDV43i6
GGB1DV4317
GGB1DV4318
GGB1DV4318
GGBI1DV4319
GGBI1DV4319

GGB1DV4401
GGB1DV4401
GGB1DV4402
GGB1DV4402
GGB1DV4402
GGB1DV4403
GGB1DV4403
GGB1DV4403
GGB1DV4404
GGBI1DV4404
GGB1DV4405
GGBI1DV4406
GGB1DV4406

GGB1DV4501
GGB1DV4501
GGBIDV4502
GGBI1DV4502
GGB1DV4503
GGB1DV4504
GGBI1DV4505

GGB1DV4601
GGB1DV4602
GGB1DV4602
- GGB1DV4603
GGB1DV4604
GGBI1DV4605
GGBI1DV4605
GGB1DV4606
GGB1DV4607
GGR1DV4608
GGBIDV4609

GGB1DV4701
GGB1DV4702
GGB1DV4703
GGB1DV4704
GGBI1DV4705
GGBI1DV4706
GGB1DV4707
GGB1DV4708
GGBIDV4709
GGBIDV4710
GGBIDV4710
GGB1DVA4711
GGBIDV4711

256.4
220.1
290.4
217.0
213.6
332.1
2334
206.1
2373
209.0
101.9
206.7
286.8
219.0

247.4
209.7
2339
210.4
276.8
297.0
205.4

257.1
200.5
205.1
222.1
208.7

2420

192.9
340.0
206.1
197.6
204.3
206.8

199.7
2154
194.7
198.7
201.4

268.4

196.3
193.9
200.3
193.0
199.2

199.9
207.4

: 200.0

197.2
180.8
204.7
200.5
201.8
200.8
207.4
204.7
091.4
205.5

-51.1

-05.1.

-05.6
-03.3
00.8
17.6
16.5
29.8
12.6
06.3
86.0
10.1
36.7
03.8

-06.9
12.2
04.5
00.1

-11.1

-83.5

-17.6
-19.5
05.6
-01.2
-02.3

©10.7

-41.0
-04.2
-56.0
-13.8
-04.8
-08.9
-05.1

-03.7
-29.5

06.0
-03.0
-01.2
-48.7
-04.2
-09.0
-07.1

-129

-17.7
-16.0
-11.9
-133
-28.0
-15.2
-16.6
-14.8
-06.2

208
-719.2
-00.1

172
172
172
172
172
172
172
172
172
172
172
172
172
172

172
172
172
172
172
172
172
172
172
172
172
172

172

192
192
192
192
192
192
192

192
192
192
192
192
192
192
192

192
192

170
170
170
170

170
170
170
170
170
170
170
170

- 297.2

230.1
288.2
226.0
220.4
3194
229.6
201.2
2349
213.1
166.2
209.2
253.0
2240

255.0
211.2
236.7
2175
280.5
344.2
210.1
274.7
270.9
204.6
212.6
230.3
2109

284.2
193.3
353.5
213.7
199.6
209.5
211.8

202.3
238.6
195.2
201.0
204.1
309.9
197.8
194.7
203.5
193.3
203.1

215.7
223.5
212.1
209.5
192.8
219.8
215.6
216.1
210.1
187.7
223.9
007.7
212.2

-40.1
-29.2

12.9
-29.3
-27.3

53.0
-03.9
-03.8
-05.0
-244

49.5
-21.9

42.6
-22.1

-14.6
-18.8
-13.6
-29.4

00.5
-47.0
-27.3
-12.4
-18.1
-284
-32.9
-25.7
-20.6

-54.7
-42.2
-21.2
-50.2
-42.6
-45.7
-41.5

-41.3
-61.6
-32.0
-40.6
-38.6
-43.4
-42.0
-47.0
-44.6
-36.5
-50.5

-48.4
-43.4
-43.1
-45.6
-64.7
-44.0
-47.2
-45.1
-37.7

29.8
-48.9
-52.8
-30.2

11.8
03.7
399
09.4
11.1

05.3
34.2
07.0
14.5
31.7
09.1

06.5

13.9
09.9
232
08.7
20.0
42.7
10.4

17.2

10.0
11.4
22.7
08.2

31.7

09.9

000 - 250
300 - 550
000 - 200
250 - 550
000 - 500
000 - 300
350 - 580
000 - 400
450 - 600
000 - 580
000 - 350
400 - 580
000 - 350
400 - 600

000 - 250
300 - 500
000 - 250
300 - 620
600 - 700
000 - 250
300 - 620
660 - 700
000 - 250
300 - 680
000 - 580
000 - 250
300 - 680

000 - 300
350 - 680
000 - 250
300 - 620
009 - 620
000 - 620
000 - 640

150 - 680
000 - 150
200 - 680
000 - 680
150 - 660
000 - 150
200 - 660
000 - 580
000 - 580
150 - 580
150 - 580

000 - 680
000 - 250
000 - 250
000 - 680
000 - 680
150 - 580
150 - 580
000 - 680
000 - 680
000 - 200
250-- 550
000 - 150
200 - 680

All



GGBI1DV4712
GGB1DV4712
GGB1DV4713
GGB1DV4713
GGB1DV4714
GGB1DV4714
GGB1DV4716

GGB1DV4801
GGBI1DV4801
GGB1DV4802
GGB1DV4802
GGB1DV4803
GGB1DV4803
GGB1DV4804
GGB1DV4804
GGBIDV4805
GGB1DV4805
GGB1DV4806
GGB1DV4806
GGBI1DV4807
GGB1DV4808
GGB1DV4809
GGBI1DV4810
GGB1DV4810
GGBI1DV4811
GGB1DV4811
GGB1DV4812
GGBI1DV4812
GGB1DV4813
GGB1DV43813
GGB1DV4814
GGB1DV4814
GGB1DV4815
GGB1DV4815
GGB1DV4816
GGBI1DV4816
GGBI1DV4817
GGBI1DV4817
GGBIDV4818
. GGB1DV4818
GGB1DV4819
GGBI1DV4819
GGB1DV4820
GGBI1DV4820
GGB1DV4821
GGB1DV4821
GGB1DV4822
GGBI1DV4822
GGB1DV4823
GGB1DV4823
GGB1DV4824

GGB1DV4901
GGB1DV4901
GGBI1DV4902
GGB1DV4902
GGB1DV4903
GGB1DV4903
GGB1DV4904
GGB1DV4904
GGB1DV4905

130.6
205.9
009.6
199.6
228.2
191.3
200.4

2389
201.0
189.8
181.2
238.3
203.1
249.2
210.5
183.5
196.8
206.5
198.0
197.8
204.1
186.5
299.0
226.5
2389
229.5
307.7
211.0
2224
189.0
070.4
188.4
260.3
224.0
267.6
2257
151.8
199.1
290.4
196.9
001.5
195.2
241.2
207.7
010.1
200.2
316.8
190.6
127.9
195.1
199.3

0273

207.3
186.8
208.5
274.7
212.2
108.1
221.9
181.7

35.9
-11.3
11.8
-11.0
63.4

-12.3

-02.5

-149
-23.0
-01.2
-26.1
11.3
-33.0
07.7
-37.2
02.4
-35.5
63.1
-23.9

-23.9
-67.9
19.9
-75.4
459
-71.0
126.5
~63.4
53.8
-54.1
80.1
-77.0
-20.3
-79.8
34.8
-74.5
09.7
-38.2
19.4
-47.9
-76.0
-47.7
24.7
-48.8
-34.6
-56.1
05.5
-69.6
81.3
-62.4
-60.9

-48.0

-44.0
28.5
-33.6
-74.9
-36.8
43.5
-42.3
63.7

170

"139.0

218.7
018.6
2111
197.3
201.2
207.8

256.0
218.6
262.3
178.4
287.8
210.8
2824
2144
0t6.1
201.3
353.0
212.6
197.7
221.8
185.0
295.7
194.0
325.6
197.8
304.9
196.8
339.6
187.6
013.1
185.0
253.1
190.6
308.9
194.4
076.2
202.3
294.2
195.4
184.6
194.0
302.7
203.4
175.3
194.6
2814
186.4
011.3
189.7
192.3

165.5
204.5
003.9
2119
201.2
213.0
053.0
216.0
008.3

04.4

-46.1

342

333

01.5

35.1

432
08.4
32.8

000 - 150
200 - 620
000 - 200
250 - 660
000 - 200
250 - 500
000 - 400

100 - 250
300 - 680
100 - 400
450 - 680
000 - 300
350 - 640
000 - 300
350 - 640
100 - 300
350 - 640
000 - 350
400 - 640
000 - 680
000 - 700
000 - 680
100 - 300
350 - 660
000 - 300
350 - 640
000 - 350
400 - 700
000 - 300
350 - 640
000 - 150
200 - 640
100 - 300
350 - 640
000 - 200
250 - 660
100 - 350
450 - 660
000 - 300
350 - 660
000 - 200
350 - 660
000 - 300
350 - 660
000 - 300
350 - 680
000 - 400
450 - 660
000 - 400
450 - 660
000 - 660

000 - 250
300 - 620
150 - 300
350 - 660
000 - 250

300 - 660
1000 - 250
300 - 660 -

000 - 350

Al2



GGB1DV4905
GGB1DV4906
GGB1DV4906
GGB1DV4907
GGB1DV4907
GGB1DV4908
GGB1DV4908
GGB1DV4909
GGB1DV4909
GGBI1DV4909
GGBI1DV4910
GGB1DV4910
GGBIDV4911
GGBIDV4911
GGBIDV4912
GGBIDV4912

GGBI1DV4913,

GGBIDV4913
GGBIDV4914
GGBIDV4915
GGB1DV4915
GGB1DV4916
GGB1DV4916
GGB1DV4917
GGBIDV4917
GGBI1DV4918
GGBI1DV4919

GGB1DV5001
GGBIDV5001
GGBI1DV5002
GGBIDV5002
GGBIDV5003
GGBI1DV5004
GGBI1DV5004
GGBIDV5005
GGB1DV5006
GGB1DV5007
GGB1DV5007
GGB1DV5008

. GGB1DV5008

GGBI1DV5009
GGB1DV5009
GGB1DV5010
GGB1DV5010
GGBI1DV5011
GGB1DV5011
GGB1DV50i2
GGBIDV5012
GGB1DV5013
GGB1DV5013

GGB1DV5101
GGB1DV5102
GGB1DV5102
GGB1DV5103
GGB1DV5103
. GGB1DV5104
GGB1DV5104
GGB1DV5105
GGB1DV5106
GGBIDV5107

205.0
229.3
211.6
230.5
204.3
357.5
203.3
350.2
217.7
203.5
134.7
203.6
330.2
2322
171.4
200.3
183.7
210.0
200.6
066.4
207.9
122.0
205.5
1914
200.5
198.3
2195

2495
2132

195.6
213.5
213.1
000.1
216.6
225.1
213.3
343.5
226.6
041.1
2224

2112
136.8
192.6

- 151.8

-

226.7
182.0
2184
186.8
222.7

246.9

229.2
232.1
2242
221.7
024.2
228.0
228.7
2343
231.2

-39.9

-04 7
48.7
48.3
41.1
40.4

184

184

184
184
184
184
184
184
184
184
184
184

-204.7

320.7
205.0
345.6
204.6
349.4
210.0
355.8
217.8
188.1
049.0
198.4
236.3
219.6
163.4
196.7
181.0
2113
207.4
041.1
211.4
042.4
2105
354.2
200.5
203.2
220.4

207.1
2244
190.5
2273
2248
000.9
227.3
238.7
2250
346.2
240.9
0314
228.0
004.3
219.8
153.9
198.2
158.1

236.6

182.5
237.7
184.7
230.8

228.9
264.7
2183
251.8
218.1
096.6
2174
218.0
2278
2274
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07.8
31.7
05.4
30.3

09.4
33.0
18.3
13.6
09.1

08.6
38.2
16.3
46.3
08.4
33.9

16.0
37.6
229
1.5

13.6
06.9

10.1

10.2

11.7
11.5
14.6

18.2
07.7
20.1
09.3
08.4
19.1
06.5
09.7
07.4
253
09.8
21.8

38.7
06.9
16.9
07.9
06.2
07.8
30.8
14.2
18.8
08.9

09.6
16.2
06.5
20.3
06.0
36.6
06.8
07.1
08.4
10.6

400 - 660
000 - 350
400 - 660
000 - 250
300 - 680
000 - 300
350 - 580
100 - 250
300 - 500
550 - 600
000 - 400
450 - 640
000 - 400
450 - 640
000 - 400
450 - 600
000 - 400
450 - 600
150 - 600
100 - 250
300 - 580
100 - 250
300 - 600
000 - 350
400 - 640
000 - 550
000 - 450

000 - 250
300 - 640
000 - 250
300 - 640
000 - 640
100 - 200
250 - 600
000 - 600
000 - 640
100 - 200
250 - 580
000 - 400
500 - 580
000 - 200
250 - 600
100 - 200
250 - 550
100 - 250
300 - 550
000 - 300
350 - 550
000 - 250
300 - 550

000 - 640
000 - 350
400 - 640
000 - 250
300 - 640
150 - 350
400 - 640
150 - 600
150 - 600
000 - 640

Al3



GGBIDV5108
GGBIDYV5109
GGBIDVS5110
GGBIDV5111
GGBIDV5111
GGBI1DV5112
GGBIDV5113
GGBIDV5113
GGBI1DV5114
GGBI1DVs114
GGBIDVS5115
GGBI1DV5115
GGBI1DVS5116
GGBIDVS5116
G4GBIDVS1L7
GGBIDV5118

GGBIDV5118.

GGBI1DV5201
GGBI1DV5201
GGBIDV5202
GGBI1DV5202
GGBIDV5202
GGB1DV5203
GGB1DV5204
GGBI1DV5205
GGBIDV5205
GGBI1DV5206
GGB1DV'5206
GGB1DV5207
GGB1DV5208
GGB1DV5208
GGB1DV5209
GGBIDV5209
GGBIDVS5210
GGBI1DV5210
GGBI1DV5211
GGBI1IDV5212
GGBIDVS5213
GGB1DVS5213
. GGBIDV5214
GGBI1DV5214
GGB1DV5215
GGBIDV5216
GGB1DVS5216
GGB1DV5217
GGB1DV5217

-452

224

. -65.3
- -00.6
- -16.9

53.3
-19.1
77.6
-08.2

9 184
96 184
96 184
96 184
96 184
9% 184
9 184
96 184
96 184
9 184
9 184
9 184
9 184
9 184
9 184
96 184
96 184

52 022

52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022
52 022

52 022
52 022

52 022
52 022

218.6

225.1
2221
018.3
223.6
2224
359.9
2132
111.3
2258
258.6
219.1
189.7
2215
220.6
226.8
224.9

328.4
250.9
159.4
249.1
275.6
2472
244.1
142.2
246.6
153.1
068.9
2474
0734
237.0
225.8
245.7
215.7
2448
252.0
2479
012.3
240.1
217.8
255.1

2484

338.9
236.4
007.0
2479

-35.7
-323
-31.3

54.8
-42.2
-48.9
-00.5
-27.8

26.6
-36.4
-49.2
-23.9
-14.7
-32.0
-36.1

-40.5
-02.3

-06.1
03.2
-20.2
07.0
09.9

-43.1
22.5

-41.6
-73.1
20.8

-02.2
23.8

-35.8
31.7

-51.9
50.9
20.5
23.1
77.8

19.3

36.8
20.7
28.9
25.1
35.0
31.7

000 - 640
000 - 640
000 - 640
100 - 200
250 - 550
000 - 550
100 - 300
350 - 660
100 - 200
250 - 700
150 - 300
350 - 660
000 - 300
350 - 660
150 - 660
000 - 250
300 - 640

000 - 200
250 - 660
100 - 200
300 - 600
640 - 680
150 - 660
150 - 600
000 - 250
300 - 620
150 - 300
350 - 620
150 - 660
000 - 350
400 - 660
000 - 350
400 - 640
000 - 250
300 - 640
000 - 660
000 - 600
150 - 300
350 - 600
000 - 350
400 - 620
000 - 580
000 - 300

350 - 620 -

000 - 300
350 - 620

Al4



Table A-1b Palacomagnetic results grouped into components.
See caption Table A-la for more information.

SPECIMEN Comp Dec Inc Tilt Dir CDec Clnc

GGBIDV0101
GGBIDV0102
GGBIDV0103
GGBIDV0105
GGBIDV0201
GGBI1DV0202
GGB1DV0203
GGBI1DV0204
GGBI1DV0205
GGBIDV0304

GGBIDV0305 .

GGB1DV0401
GGBIDV(701
GGBI1DV0702
GGBIDV0703
GGBIDV(704
GGBIDV0705
GGBI1DV1402
GGBI1IDV1403
GGBI1DV1404
GGB1DV1405
GGBIDV1505
GGBI1DV 1604
GGBI1DV1605
GGB1DV1701
GGBIDV1704
GGB1DV180!1
GGB1DV1802
GGBIDV1803
GGB1DV1804
GGBI1DV1805
GGB1DV1903
GGBIDV2001
GGB1DV2002
‘GGB1DV2301
" GGB1DV2401
GGB1DV2402
GGB1DV2403
GGBIDV2406
GGB1DV2407
GGB1DV2410
GGBIDV2411
GGBIDV2412
GGB1IDV2413
GGB1DV2414
GGB1DV2415
GGBIDV2416
GGBI1DV2417
GGB1DV2501
GGB1DV2502

GGB1DV2503 .

GGBI1DV2504
GGB1DV2505
GGBIDV2506
GGBIDV2507
GGBI1DV2509

321.0
228.2
266.5
119.2
211.2
290.5
016.2
298.3
198.5
025.7
035.5
044.7
019.0
106.7
310.0
224.8
287.2
186.1
201.4
237.0
247.1
167.9
3123
3342
162.5
2154
241.2
321.2
332.9
337.1
315.6
2717
040.5
060.2
278.2
007.2
219.0
008.7
203.9
229.5
356.7
192.9
198.7
180.7
192.8
173.3

.030.2

045.5
339.8
024.5
020.7
003.1
020.4
027.2
016.5
016.3

165
165
165
165
177
177
177
177
177
136
136
160
168
168
168
168
168
165
165
165
165
165
165
165
1€5
165

165

165
165
165
165
165
165
165
140
160
168
168
168
168
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162
162

308.5
192.7
246.5
099.8
206.4
221.6
162.4
247.6
191.4
025.0
026.4
048.6
150.5
009.0
182.4
212.4
2325
177.2
190.6
177.8
207.7
167.7
228.2
314.3
163.6
192.6
176.1
259.7
269.7
249.1
195.0
240.6
078.1
106.3
301.7
013.5
196.5
1154
206.3
276.3
057.1
186.2
208.3
174.0
199.1

- 169.5

129.5
119.6
327.9
121.6
039.6
151.1
143.4
127.5
033.3
029.0

65.1
67.3
52.9

-61.6
24.5
75.4
81.1
73.8
49.7
00.8

-26.4
16.1
56.9

-47.8
52.4
0L.5
46.8
56.6
477
73.4
67.2
04.5
81.9
82.0
57.1
61.3
74.0
83.2
86.5
88.0
81.5
68.1
70.6
70.4

-66.7
36.0
063
70.9

-27.)

-39.3
76.0

-16.4

-36.2

-09.8

-35.9

-11.9
448
37.7
81.6
50.3
422
47.1
438
47.1
437
40.4

a95 Temp. range

11.1
16.6
254
238
20.1
273
40.0
313
33.0
04.7
02.7
41.0
28.5
247
06.8
25.8
203
10.2
18.8
21.2
15.0
36.5
05.8
07.3
09.8
10.6
17.8
04.4
11.1
14.2
19.3
22.6
10.6
16.4
17.5
313
41.1
14.0
214
16.1
46.5
16.0
334
339
20.7
30.5
40.1
35.9
244
21.3
20.2
30.0
427
317
05.6
07.4

000 - 150
000 - 150
000 - 150
000 - 150
000 - 300
000 - 350
000 - 350
0G0 - 350
000 - 350
100 - 200
100 - 200
000 - 300
000 - 250
000 - 200
000 - 200
000 - 250
000 - 200
000 - 200
000 - 250
000 - 250
000 - 250
000 - 350
000 - 150
000 - 150
000 - 150
000 - 150
000 - 250
006 - 150
000 - 100
000 - 250
000 - 250
000 - 200
000 - 200
000 - 200
000 - 200
000 - 300
000 - 300
000 - 250
000 - 300
000 - 200
000 - 200
000 - 300
000 - 300
000 - 300
000 - 300
000 - 300
000 - 200
000 - 250
000 - 250
000 - 250
000 - 300
000 - 300

000 - 200

000 - 250
000 - 200
000 - 200

AlS



GGBIDV2601
GGBIDV2602
GGBI1DV2603
GGBIDV2604
GGBIDV2606

GGB1DV2609

GGBIDV26l11
GGB1DV2612
GGBI1DV2613
GGBI1DV2615
GGBIDV2714
GGB1DV2715
GGB1DV2716
GGB1DV2717
G5B1DV2718
GGB1DV2719
GGB1DV2720

GGBIDV2721°

GGBI1DV2722
GGB1DV2801
GGB1DV2802
GGB1DV2803
GGB1DV2901
GGB1DV2902
GGB1DV2903
GGB1DV2904
GGBI1DV2906
GGBI1DV2907
GGB1DV3001
GGB1DV3002
GGB1DV3003
GGB1DV3004
GGB1DV3005
GGB1DV3101
GGBI1DV3103
GGB1DV3105
GGB1DV3106
GGB1DV3203
GGB1DV3204
GGB1DV3303
GGB1DV3404
GGB1DV3503
GGB1DV3507
GGB1DV3508
GGBI1DV3509
GGBI1DV3510
GGBIDV35l11
GGBI1DV3513
GGBI1DV3601
GGBIDV3602
GGBIDV3603
GGBIDV3604
GGB1DV3605
GGB1DV3606
GGB1DV3701
GGB1DV3703
GGBI1DV3709
.GGBIDV3710
GGBIDV3712
GGBIDV3801
GGB1DV3802
GGB1DV3803

330
330
330
330
330
330
330
330
330
330
166
166
166
166
166
166
166
166
166
180
180
180
000

000
000
000
000
251
251
251
251
251
009
000
000
000
000

327
324

-154.1

096.2
340.8
334.7
326.5
243.0
049.0
2549
185.3
2514
179.4
130.8
117.4
164.8
261.3
006.1
023.2
129.9
025.1
162.8
058.8
186.8
231.3
134.5
326.4
127.3
192.2
289.1
131.5
258.9
263.0
289.9
165.4
179.2
002.7
045.5
054.6
099.5
107.8
262.7
2334
199.5
144.6
276.0
213.9
038.1
026.3
217.7
304.6
249.5
017.5
340.3
298.3
2394
180.9
096.0
158.1
263.6
3314
154.1
149.1
130.8

-28.4

21.7
20.5
222
16.0
13.0
25.0
13.3
289
33.8
35.7
26.5
29.6
33.0
17.2
353
21.9
21.4
01.8
09.7
25.7
25.6
26.3
30.9
20.1
32.8
23.4
233
06.6
19.9
17.4
383
43.6
19.8
21.7
38.5
354
46.3
43.7
24.1
13.8
16.0
14.6
20.4
36.8
30.0
23.5
37.2
27.2
28.3

- 242

14.1
31.0
18.8
22.7
16.4
11.8
14.5
26.2
30.8
21.2
274
26.1

000 - 200
000 - 200
000 - 200
000 - 200
000 - 150
000 - 200
000 - 250
000 - 200
000 - 250
000 - 200
000 - 200
000 - 200
000 - 250
000 - 200
000 - 200
000 - 200
000 - 200
000 - 150
000 - 150
000 - 250
000 - 150
000 - 200
000 - 350
000 - 150
000 - 150
000 - 150
000 - 300
100 - 250
000 - 150
000 - 150
000 - 350
000 - 350
000 - 200
100 - 300
000 - 300
000 - 300
000 - 350
000 - 300
000 - 250
000 - 200
000 - 200
000 - 250
000 - 200
100 - 300
000 - 300
000 - 200
000 - 250
000 - 350
000 - 250

1000 - 300

000 - 250
000 - 200
000 - 250
000 - 350
000 - 300
000 - 200
000 - 200
000 - 300
000 - 300
000- - 300

000 - 300

000 - 300

Al6



GGBIDV3804
GGB1DV3805
GGB1DV3806
GGBI1DV3807
GGBI1DV3808

GGBIDV3901

GGBI1DV3902
GGB1DV3903
GGB1DV3904
GGBIDV3905
GGB1DV3906
GGBIDV3907
GGBI1DV3908
GGBI1DV3909
GSGBIDV3910
GGBIDV3911
GGBIDV3912

GGBIDV3913

GGB1DV3914
GGBI1DV3918
GGBIDV3919
GGB1DV3920
GGBI1DV3921
GGB1DV4001
GGB1DV4002
GGBI1DV4004
GGBI1DV4103
GGB1DV4104
GGBI1DV4105
GGBI1DV4107
GGBI1DV4108
GGB1DV4109
GGBI1DV4110

GGBRI1DV4111 -

GGB1DV4112
GGB1DV4201
GGB1DV4202
GGB1DV4203
GGB1DV4204
GGB1DV4206

. GGB1DV4207

GGB1DV4208
GGB1DV4209
GGBI1DV4309
GGBI1DV4312
GGBI1DV4313
GGBI1DV4315
GGBI1DV4316
GGB1DV4318
GGB1DV4319
GGB1DV4401
GGB1DV4402
GGB1DV4403
GGB1DV4404
GGB1DV4406

GGBIDV4501

GGBI1DV4502
. GGB1DV4602
GGB1DV4605
GGB1DV4710
GGBI1DVA4711
GGB1DV4712

293.2
196.7
152.4
349.2
216.3
077.3
2283
213.5
209.8
221.2
079.9
070.1
331.1
095.3
2224
226.6
200.5
091.6
003.1
027.4
049.7
013.0
2153
226.2
221.8
225.2
020.3

049.6 -
007.5

235.1
353.9
335.6
013.0
007.4
045.7
005.0
016.2
030.9
009.4
358.6
2674
028.4
031.9
286.8
256.4
290.4
332.1
206.1
101.9
286.8
2474
2339

. 297.0

257.1
222.1
242.0

340.0

2154
268.4
207.4
0914
130.6

-79 2
35.9

38
38
38
38

140
140
140
140
140
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
172
172
172
172
172
172
172
172
172

172

172
172
192
192
192
192
170
170
170

-147.1

183.8
144.4
110.1
177.3
076.8
229.4
2149
212.2
218.1
079.0
069.8
3299
095.3
2239
227.0
201.5
091.8
003.0
027.1
049.9
012.7
216.6
244.6
247.1
251.0
032.8
053.7
008.9
208.9
3543
336.2
016.7
011.0
049.4
007.2
020.7
037.7
012.7
359.0
269.4
036.7
039.1
263.7
297.2
288.2
3194
201.2
166.2
253.0
255.0
236.7
3442
270.9
230.3
284.2
353.5
238.6
309.9
187.7
007.7
139.0

57.4
08.7
331
67.5
35.7
38.6
37.1
37.7
524
-62.1
58.7
23.1
353
30.0
43.4
14.0
27.7
-65.4
02.6
08.8
-05.5
09.2
37.3
-71.7
-76.2
-76.4
65.5
34.1
16.4
77.1
06.7
15.2
35.6
36.5
30.9

39.7
438.7
334
06.6
-24.9

50.5
349
-40.1
12.9
53.0
-03.8
49.5
42.6
-14.6
-13.6
-47.0
-18.1
-25.7
-54.7
-21.2
-61.6
-43.4
29.8
-52.8
04.4

333

000 - 300
000 - 250
000 - 350
000 - 250
000 - 250
000 - 300
100 - 350
150 - 300
150 - 300
000 - 300
000 - 250
100 - 250
000 - 300
100 - 250
100 - 250
000 - 200
150 - 250
000 - 300
000 - 200
000 - 300
100 - 250
000 - 200
000 - 150
000 - 200
000 - 200
000 - 200
000 - 200
000 - 300
000 - 300
000 - 200
000 - 150
000 - 200
000 - 200
000 - 150
000 - 200
000 - 150
000 - 150
000 - 150
000 - 150
000 - 350
000 - 150
000 - 150
000 - 150
000 - 200
000 - 250
000 - 200
000 - 300

. 000 - 400

000 - 350
000 - 350
000 - 250
000 - 250
000 - 250
000 - 250
000 - 250
000 - 300
000 - 250
000 - 150
000 - 150
000-- 200

000 - 150 .

000 - 150

Al7



GGBIDV4713
GGBIDVA4714
GGBI1DV4801
GGB1DV4802
GGBIDV43803
GGB1DV4804
GGB1DV4805
GGB1DV4806
GGB1DV4810
GGB1DV4811
GGBI1DV4812
GGB1DV4813
GGB1DV4814
GGB1DV4815
GGBIDV4816
GGBIDV4817

GGBIDV4818-

GGBIDV4819
GGB1DV4820
GGBI1DV4821
GGB1DV43822
GGBI1DV43823
GGB1DV4901
GGB1DV4902
GGBI1DV4903
GGB1DV4904
GGBI1DV4905
GGB1DV4906
GGBI1DV4907
GGB1DV4908
GGBI1DV4909
GGBI1DV4910
GGB1DV4911
GGB1DV4912
GGBIDV4913
GGBI1DV4915
GGB1DV4916
GGB1DV4917
GGB1DV5001
GGB1DV5002
- GGB1DV5004
GGB1DV5007
GGBI1DV5008
GGB1DV5009
GGBIDV5010
GGBI1DVs5011
GGB1IDV5012
GGB1DV5013
GGBIDV5102
GGBIDV5103
GGBIDV5104
GGBI1DVS111
GGBI1DVS5113
GGB1DV5114
GGBI1DVS5115
GGBI1DV5116
GGBI1DVS5118
GGB1DV5201
GGBIDV5202
GGB1DV5205
GGBI1DV5206
GGB1DV5208

009.6
228.2
238.9
189.8
2383
249.2
183.5
206.5
299.0
2389
307.7
2224
070.4
260.3
267.6
151.8
290.4
001.5
241.2
010.1
316.8
127.9
027.3
186.8
2747
108.1
181.7
229.3
230.5
357.5
350.2
134.7
330.2
171.4
183.7
066.4
122.0
191.4
249.5
195.6
000.1
343.5
041.1
004.6
136.8
151.8
182.0
186.8
229.2
224.2
024.2
014.7
216.6
065.0
224.6
216.5
293.0
3183
140.5
085.6
090.6
084.0

11.8
63.4
-14.9
-01.2
11.3
07.7
02.4
63.1
19.9
459
26.5
53.8
80.1
-20.3

09.7
19.4
-76.0
24.7
-34.6
05.5
81.3
-48.0
28.5
-74.9
43.5
63.7
138.2
63.4
19.8
54.4
43.0
-31.2
-25.4
-17.6
49.7
52.3
30.7
69.9
56.9
-37.0
-30.8
-40.4
-65.8
48.6
35.2
40.8
71.6
10.8
19.1
-04.7
-39.9
-82.3
12.5
14.6
79.6

26.3
-39.9
-45.2
-52.8

279

022

018.6

197.3
256.0
262.3
287.8
282.4
016.1
353.0
295.7
325.6
304.9
339.6
013.1
253.1
308.9
076.2
294.2
184.6
302.7
175.3
281.4
011.3
165.5
003.9
201.2
053.0
008.3
320.7
345.6
349.4
355.8
049.0
236.3
163.4
181.0
041.1
042.4
354.2
207.1
190.5
000.9
346.2
031.4
004.3
153.9
158.1
182.5
184.7
264.7
251.8
096.6
018.3
359.9
111.3
258.6
189.7
226.8
328.4
159.4
142.2
153.1
073.4

46.8

238
14.9
-02.0
-0t.1
35.6
-45.1
-48.7
69.8
54.8
-00.5
26.6
-49.2
-14.7
09.0
-02.3
-06.1
-43.1
-41.6
-02.2

377

06.9
36.6
15.3
36.1

000 - 200
000 - 200
100 - 250
100 - 400
000 - 300
000 - 300
100 - 300
000 - 350
100 - 300
000 - 300
000 - 350
000 - 300
000 - 150
100 - 300
000 - 200
100 - 350
000 - 300
000 - 200
000 - 300
000 - 300
000 - 400
000 - 400
000 - 250
150 - 300
€00 - 250
000 - 250
000 - 350
000 - 350
000 - 250
000 - 300
100 - 250
000 - 400
000 - 400
000 - 400
000 - 400
100 - 250
100 - 250
000 - 350
000 - 250
000 - 250
100 - 200
100 - 200
000 - 400
000 - 200
100 - 200
100 - 250
000 - 300
000 - 250
000 - 350
000 - 250
150 - 350
100 - 200
100 - 300
100 - 200
150 - 300
000 - 300
000 - 250
000 - 200

- 100 - 200

000 - 250
150 - 300
000 - 350

Al8



GGB1DV5209
GGBIDV5210
GGBIDV5213
GGBI1DV5214
GGB1DV5216
GGB1DV5217

GGB1DV0101
GGB1DV0102
GGB1DV0103
GGB1DV0104
GGBIDV0105
GGBI1DV0201
GGB1DV0202
GGB1DV0203
GGB1DV0204

GGB1DV0205.

GGB1DV0301
GGB1DV0302
GGB1DV0303
GGB1DV0304
GGB1DV0305
GGB1DV0401
GGB1DV0402
GGBI1DV0403
GGBIDV0404
GGB1DV0405
GGBIDV0501
GGB1DV0502
GGB1DV0503
GGB1DV0504
GGB1DV0505
GGBI1DV0601
GGBI1DV0602
GGB1DV0603
GGBIDV0604
GGB1DV0605
GGB1DV0701
GGBIDV0702
GGB1DV0703
. GGBIDV0704

- GGB1DV0705

GGB1DV0801
GGB1DV0802
GGB1DV0803
GGBI1DV0804
GGBIDV0805
GGB1DV0901
GGB1DV0902
GGBI1DV0903
GGBIDV1001
GGBI1DV1002
GGB1DV1003
GGBI1DV1004
GGB1DV1005
GGBIDV1201

GGB1DV1202.

GGBI1DV1203
GGBIDV1204
GGBI1IDV1205
GGB1DV1401
GGBI1DV1403

292.6
351.8
205.2
003.4
293.1
301.5

204.4
201.0
192.5
184.9
183.1
191.5
197.7
211.0
187.4
175.7
210.3
192.4
219.1
208.5
226.7
006.4
020.5
012.7
006.3
024.5
211.2
209.2
2129
2119
206.9
208.6
208.5
204.0
208.4
214.6
209.1
208.7
206.4
210.0

2126

209.8
201.2
210.5
205.4
206.8
200.1
206.8
202.5
213.5
207.1

<207.8

207.8
206.8
199.0
199.9
195.7
194.5
199.6
197.3
189.9

-70.9
-73.1
50.0
-65.3
533
71.6

00.3
-00.4
09.6
-09.0
-01.0
11.2
15.6
-04.4
10.3
20.0
10.1

23.5 .

-04.4
05.9
06.8
11.6

-16.3
02.7

-14.5

-02.6

+00.5

‘00.4

202.2

-01.5

-03.2
03.5

-01.3
01.4
02.1
00.3
00.9
00.7

-02.1
15.1
03.6

-11.6

-14.9

-11.3

-12.2

-13.7

-04.4

-05.7

-04.8

-00.3

-04.4

-03.4

-03.9

-05.2

-03.9

-01.5

-04.9

-06.5
02.5

-09.2

-06.1

022
022

022

225.8

215.7
0123
217.8
338.9
007.0

205.3
202.0
192.1
186.4
183.8
191.3
197.0
212.6
187.3
175.7
208.1
187.7
220.7
207.5
224.7
009.7
018.6
014.7
005.4
025.5
2127
210.5
214.9
2137
209.0
208.7
208.8
204.2
208.5
2149
219.8
219.7
219.3
2119
221.3
210.6
2014
2114
206.5
206.9
216.4
219.6
217.7
223.1
214.3
2155
215.2
213.5
2184
2219
2143
211.4
226.2
199.6
191.4

-35.8
-51.9

45 3
47.3
-21.8
-19.6

41.8

000 - 350
000 - 250
150 - 300
000 - 350
000 - 300
000 - 300

200 - 625
200 - 625
200 - 720
000 - 400
200 - 720
350 - 600
400 - 600
400 - 600
400 - 720
400 - 500
100 - 550
000 - 500
000 - 550
250 - 700
250 - 675
350 - 700
000 - 550
000 - 600
000 - 550
000 - 500
000 - 720
000 - 720
000 - 720
000 - 550
000 - 550
000 - 700
000 - 700
000 - 700
000 - 700
000 - 700
300 - 720
250 - 720
250 - 720
300 - 700
250 - 700
000 - 720
000 - 720
000 - 720
000 - 700
000 - 675
000 - 720
000 - 720
000 - 720

- 000 - 700

000 - 700
000 - 675
000 - 700
000 - 675
000 - 720
000 - 700
000 - 675
000 - 700
000-- 700
100 - 700
300 - 700

Al9



GGBI1DV1404
GGBIDV1405
GGBI1DV1501
GGB1DV1502
GGB1DV1503
GGBIDV1504
GGBI1DV1505
GGBIDV1601
GGB1DV1602
GGBIDV1603
GGBI1DV1604
GGBIDV1605
GGBIDV1701
GGBIDV1702
GGBIDV1703
GGBIDV1704
GGBIDV1705
GGBIDV1801
GGBIDV1802
GGBIDV1803
GGBIDV1804
GGBI1DV1805
GGBIDV1901
GGBIDV1902
GGB1DV1903
GGB1DV1904
GGBIDV1905
GGB1DV2001
GGB1DV2002
GGBIDV2003
GGBI1DV2004
GGBI1DV2101
GGB1DV2102
GGB1DV2103
GGBIDV2104
GGB1IDV2105
GGBIDV2106
GGBIDV2107
GGBI1IDV2108
GGBI1DV2109

. GGBIDV2110

GGBI1DV2111
GGB1DV2201
GGB1DV2202
GGBIDV2203
GGBI1DV2204
GGBIDV2205
GGB1DV2206

GGB1DV2207 1

GGBI1DV2208
GGB1DV2209
GGBI1DV2301
GGB1DV2302
GGBI1DV2303
GGBIDV2304
GGBIDV2305
GGB1DV2306
.GGBIDV2307
GGB1DV2401
GGB1DV2402
GGBIDV2403
GGB1DV2404

-11.2

04.8

07.0
05.9
09.8
13.5
09.3
05.8
09.9
12.0
02.6
07.5
11.6
06.8
09.4
06.7
06.0
07.8
08.2
09.7
07.1
15.1
10.8
06.8
09.4
01.9
05.6
02.9
11.2
11.2
05.1
11.4
03.2
09.0
03.9
03.0
03.0

14.5
08.5
10.8
08.2
10.3
18.9
05.2
03.5
05.2
05.8
08.2
03.8
05.6
04.1
08.2
03.4
03.1
04.5
03.4
02.9
09.5
02.1
02.2
06.3
05.0

300 - 700
300 - 700
100 - 625
150 - 700

100 - 500

100 - 700
400 - 700

100 - 550

100 - 700
150 - 350
200 - 400
200 - 400
200 - 700
100 - 500
100 - 700
200 - 600
100 - 550
300 - 600
200 - 560
250 - 675
300 - 650
300 - 700
156 - 700
150 - 550
250 - 400
100 - 500
100 - 450
250 - 625
250 - 700
100 - 700
100 - 650
000 - 660
000 - 620
090 - 620
000 - 620
000 - 640
000 - 640
000 - 580
000 - 700
000 - 580
000 - 580
000 - 680
000 - 580
000 - 640
000 - 660
000 - 680
000 - 640
000 - 620
000 - 660
000 - 680
000 - 640
250 - 700
000 - 640
000 - 640
000 - 640
000 - 640
000 - 640
000 - 700
350 - 640
350-- 620

300 - 580

100 - 640
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GGB1DV2405
GGB1DV2406
GGBI1DV2407
GGBIDV2408
GGB1DV2409
GGBI1DV2410

GGB1DV2411 -

GGBIDV2412
GGBI1DV2413
GGBIDV2414
GGBIDV2415
GGB1DV2416
GGBIDV2417
GGB1DV2501
GGBIDV2502
GGBI1DV2503

GGB1DV2504

GGB1DV2505
GGBIDV2506
GGBI1DV2507
GGBIDV2508
GGBIDV2509
GGBIDV2510
GGBI1DV2601
GGB1DV2602
GGBIDV2605
GGBI1DV2606
GGBIDV2607
GGBI1DV2612
GGBI1DV2614
GGB1DV26l15
GGBI1DV2704
GGB1DV2706
GGB1DV2707
GGB1DV2708
GGB1DV2709
GGBIDV2710
GGBIDV2711
GGB1DV2712
GGBI1DV2713
. GGBIDV2714

- GGBIDV2715

GGB1DV2716
GGBIDV2717
GGB1DV2718
GGBI1DV2719
GGBIDV2720
GGB1DV2721
GGBI1DV2722
GGB1DV2802
GGB1DV2803
GGBIDV2901
GGB1DV2902
GGB1DV2903
GGB1DV2904
GGBI1DV2905
GGB1DV2906
GGB1DV2907
GGBI1DV3001
GGBI1DV3002
GGBI1DV3003
GGB1DV3004

196.3
193.2
186.2
205.9
197.9
202.3
201.5
191.9
190.4
187.1
187.3
190.0
186.9
194.1
194.0
198.0
189.1
194.6
192.2
195.7
208.3
200.1
195.4
200.6
205.1
207.8
2111
216.1
205.5
202.6
206.4
208.1
207.3
207.1
208.0
205.5
213.0
208.1
216.8
209.8
211.2
209.8
210.5
200.7
207.1
2104
206.2
202.7
202.2
220.5
210.5
206.9

. 206.2

190.4
197.9
210.1
200.4
2174
203.0
199.6
206.7
199.0

03.0
08.1
10.7
16.3
27.0
16.3
13.5
13.1
20.1
17.6
18.2
08.6
13.9
10.2
03.4
09.2
12.3
18.1
05.7
08.2
03.6
10.8
20.0
-11.1
-11.9
-13.3
-12.4
-09.9
:16.6
-15.2
-17.0
-02.0

-119

-05.1
-06.8
-02.8
-09.5
-01.3
-10.0
-06.6
-03.6
-09.6
-10.7

-07.9
-08.0
-04.2
-05.7
-03.5
-03.3
-06.3
-18.4

-1L.5

-10.1

06.2
-14.9
-13.3
-10.2
-05.5
-07.5

00.4
-00.7

210.1
2029
192.8
2113
197.2
208.4
209.9
201.1
194.9
193.0
192.8
202.6
195.2
205.7
211.6
210.3
198.7
200.2
207.5
209.0
2243
210.9
199.7
2054
208.3
209.2
2122
2175
205.1
204.0
205.5
211.6
214.1
211.5
213.0
209.1
219.2
2113
223.2
214.9
215.2
2159
217.0
204.6
212.5
216.0
210.3
207.1
206.0

2219

212.1
206.9
206.2
190.4
197.9
210.1
2004
2174
202.6
199.1
206.6
198.9

-45.1
-42.4
-42.9
-28.7
-25.1
-31.0
-33.6
-39.7
-34.6
-383
-37.7

-41.7
-40.8
-46.0
-39.0
-41.9
-34.1
-454
-41.3
-354
-36.5
-32.2
23.0
19.4
16.5
14.8
12.8
15.7
18.7
14.9
-20.2

-29.8.

-23.5
-24.8
2217
-25.7
-19.5
-24.9
-24.0
-20.7
-26.9
217
-24.5
-26.1
-252
229
-25.3
-23.3
-13.8
-18.3
-18.4
-11.5
-10.1

06.2
-14.9
-13.3
-10.2
-08.2
-10.0
-02.4
-03.2

000 - 680
350 - 660
250 - 700
100 - 700
100 - 680
250 - 620
350 - 620
350 - 620
350 - 620
350 - 600
350 - 600
350 - 620
300 - 600
300 - 660
300 - 660
350 - 700
350 - 680
250 - 680
300 - 660
250 - 700
000 - 700
250 - 700
000 - 700
250 - 640
250 - 600
000 - 640
200 - 640
000 - 700
250 - 700
100 - 640
250 - 700
000 - 700
000 - 700
000 - 700
000 - 700
000 - 700
000 - 700
000 - 640
000 - 700
000 - 700
250 - 640
250 - 660
300 - 700
250 - 700
250 - 700
250 - 700
250 - 700
200 - 706
200 - 700
200 - 700
250 - 700
400 - 580
200 - 580
200 - 550
200 - 550
000 - 700
350 - 550
300 - 700
200 - 600
200~ 600
400 - 620
400 - 620
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GGB1DV3005
GGB1DV3006
GGB1DV3007
GGB1DV3008
GGB1DV3101
GGB1DV3102
GGBI1DV3103
GGB1DV3104
GGBIDV3105
GGB1DV3106
GGBIDV3107
GGB1DV3201
GGB1DV3202
GGBI1DV3203
GGB1IDV3204
GGBI1DV3205
GGBIDV3206
GGB1DV3209
GGB1DV3301
GGBI1DV3302
GGBIDV3303
GGB1DV3304
GGB1DV3305
GGBI1DV3401
GGBI1DV3402
GGB1DV3403
GGBI1DV3404
GGB1DV3405
GGB1DY3406
GGB1DV3407
GGB1DV3408
GGBIDV3409
GGB1DV3501
GGBI1DV3502
GGBIDV3503
GGB1DV3504
GGBI1DV3505
GGB1DV3506
‘GGB1IDV3507
GGB1DV3508
GGBI1DV3509
GGBI1DV3510
GGBI1DV3511

GGB1DV3512 -

GGB1DV3513
GGBI1DV3601

GGBIDV3602 !

GGBI1DV3603
GGB1DV3604
GGBI1DV3605
GGBI1DV3606
GGBI1DV3701
GGB1DV3702
GGB1DV3703
GGBIDV3704
GGBIDV3705
GGBIDV3706
. GGBIDV3707
GGBIDV3708
GGB1DV3709
GGBIDV3710
GGBIDV3711

200.0
199.4
205.2
208.7
204.9
204.0
208.8
207.2
195.7
206.6
197.1
200.6
197.9
191.2
197.5
210.2
208.2
184.7
207.5
203.8
208.9
2129
2123
208.1
208.4
206.6
205.7
214.1
207.5
219.4
207.3
213.7
186.7
181.7
190.9
187.0
195.4
197.3
181.3
194.8
185.3
188.2
184.6
182.5
184.8
178.4
188.5
201.5
189.1
185.4
199.8
199.9
184.3
190.7
178.7
199.8
191.8
188.7
184.5
185.7
184.9
202.2

-02.1
-03.5
-03.3
-01.7

019

01.0
-07.7
-08.1
-06.9
-05.2

04.9

03.3
-05.4
-01.3
-01.7
-04.3
-03.9
-10.4
-19.4
-18.6
-23.5
-19.3
-11.1
-00.1
-08.7
-13.3
-16.5

--15.7
©-12.0
--25.3

-13.8
-09.8
-01.4
-08.4
-03.6
03.8
05.9
-05.5
05.6
15.2
-01.6
-10.2
-04.6
06.9
15.2
-15.0
-09.3
10.4
-02.7
-11.8
00.7
21.3
14.1
17.1
22.0
23.1
24.6
18.9
-08.2
13.3
16.2
10.1

251
251
251
251
000
000
000
000
000
000
000
000
000
000
000
000
000-
000
327
327
327
327

324
324
324
324
324
324
324
324
324
130
130
130
130
130
130
130
130
130
130
130
130

130 .

130
130
130
130
130
130
140
140

140
140
140
140
140

140
140

- 199.8

199.2
204.9
208.6
204.9
204.0
208.8
207.2
195.7
206.6
197.1
200.6
197.9
191.2
197.5
210.2
208.2
184.7
202.3
199.8
201.1
206.5
211.0
211.6
207.6
203.9
201.6
209.0
205.2
208.4
204.2
2117
186.8
182.3
191.2
186.8
195.1
197.7
181.0
193.9

185.5

188.9
184.9
182.2
184.0
179.3
189.1
200.9
189.3
186.1
199.8
193.7
184.5
188.6
176.1
192.6
185.7
186.0
197.1
186.2
184.1
201.9

-04.6
-05.9
-06.1
-04.6
01.9
01.0
-07.7
-08.1
-06.9
-05.2
04.9
03.3
-05.4
-01.3
-01.7
-04.3
-03.9
-10.4
03.1
05.7
-01.0
00.1
07.1
13.3
05.7
02.4
00.0
-03.2
03.1
-14.0
01.7
02.1
-03.6
-10.9
-05.5
01.7
04.3
-07.1
03.1
13.4
-03.9
-12.3
-06.9
04.4
12.9
-17.6
-11.3
09.1
-04.7
-14.0
-00.7
-01.3
-15.1
-09.4
-10.3
00.2
-02.4
-08.8
-34.3
-15.1
-12.9
-09.3

05.3
05.6
05.2
04.2
07.6
06.4
04.1
02.9
04.3
07.0
04.8
05.2
05.5
03.7
03.6
09.0
08.0
09.6
05.9
09.2
08.4
09.1
12.3
12.7
10.4
11.4
08.8
10.6
07.5
03.1
05.3
18.8
20.5
09.3

06.2
12.1

109.9

13.8
10.9
06.8
12.3
12.2
28.8
10.3
15.2
09.8
11.9
09.7
07.8
05.1
16.3
10.4
20.3
10.8
18.5
17.9
15.7
16.9
13.2
12.6
209

250 - 580
000 - 700
000 - 680
000 - 700
350 - 580
000 - 550
350 - 550
000 - 350
350 - 550
400 - 550
000 - 700
000 - 620
000 - 680
350 - 600
300 - 600
000 - 600
000 - 600
000 - 680
100 - 600
000 - 600

250 - 580

000 - 580
000 - 580
000 - 580
000 - 580
000 - 600
250 - 600
000 - 606
000 - 660
150 - 660
000 - 700
000 - 660
000 - 400
000 - 640
300 - 550
000 - 700
000 - 550
000 - 620
250 - 580
350 - 700
350 - 580
250 - 680
300 - 580
000 - 500
400 - 700
300 - 500
350 - 660
300 - 640
250 - 600
300 - 660
400 - 700
350 - 550
000 - 700
250 - 550
000 - 700
000 - 550
150 - 550
000 - 500
000 - 500
250 - 550

350 - 550.

000 - 500
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GGBI1DV3712
GGBI1DV3713
GGB1DV3801
GGB1DV3802
GGBIDV3803
GGBI1DV3804
GGBI1DV3805
GGBI1DV3806
GGBI1DV3807
GGBIDV3808
GGB1DV3901
GGBIDV3902
GGBIDV3903
GGBI1DV3904
GSBIDV3905
GGBI1DV3906

GGBIDV3907 .

GGB1DV3908
GGB1DV3909
GGB1DV3910
GGB1DV3911
GGBIDV3912
GGB1DV3913
GGB1DV3914
GGB1DV3915
GGB1DV3916
GGB1DV3918
GGBI1DV3919
GGB1DV'3920
GGB1DV3921
GGB1DV4001
GGB1DV4002
GGB1DV4003
GGB1DV4004
GGB1DV4005
GGB1DV4006
GGBI1DV4007
GGB1DV4101
GGB1DV4102
GGB1DV4103
- GGB1DV4104
GGBIDV4105
 GGB1DV4106
GGB1DV4107
GGB1DV4108
GGB1DV4109
GGB1DV41i0
GGBIDV4l11
GGBIDV4112
GGB1DV4201
GGB1DV4202
GGB1DV4203
GGB1DV4204
GGB1DV4206
GGB1DV4207
GGB1DV4208
GGB1DV4209
GGB1DV4301
GGB1DV4302
GGB1DV4303
GGB1DV4304
GGBI1DV4305

171.3
198.6
194.0
205.3
182.2
186.6

- 190.2

181.4
189.6
183.2
190.0
195.1
197.2
198.5
190.1
187.9
184.8
185.8
198.2
191.9
189.9
186.8
192.9
188.1
195.5
190.0
192.3
175.4
188.7
186.0
186.0
184.2
192.0
197.0
194.4
196.3

184.9
190.2
181.9
179.4
188.4
187.2
197.2
194.2
2024
189.8
166.4
176.6
198.1
175.9
188.1

'176.6

186.4
229.2
189.9
192.6
195.9
2109
205.6
2022
201.2
213.1

13.1
339
13.8
19.6
26.6
08.2
02.6
-01.9
-18.4
207
-10.0
-08.0
-00.8
01.2
-14.5
-10.7
-01.7
-07.2
-13.1
-12.7
03.6
-25.2
-17.7
02.3
06.4
05.7
-08.3
:02.1
-03.3

04.2
-05.5
-03.3

04.9
-19.1

12.9

224
-05.6
-09.6
-15.6
-134
-03.8
-20.9
-14.6
-08.2
-01.1
-15.4
-16.8
-07.9
-10.3
-10.2
-27.6
-174
-17.0
-08.4
-09.5
-07.9

05.7

07.1

02.0

02.8
-03.7

172
172
172
172

172.9
185.8
193.0
198.8
177.1
189.6
195.9
190.0
209.6
180.5
189.6
194.8
197.2
198.5
189.6
187.5
184.7
185.5
197.7
191.5
190.1
185.9
192.2
188.2
195.7
190.2
192.1
175.3
188.5
186.2
185.8
184.9
192.4
196.6
196.4
195.2
183.0
190.8
182.9
180.9
189.8
187.7
199.5
195.7
203.3
190.0
167.6
178.1
199.0
176.9
189.1
179.1
188.1
231.0
190.8
193.7
196.7
215.3
209.3
208.0
206.5
222.4

05.2
234
05.1
16.0
10.4
08.9
06.2
21.2
13.4
11.7
08.2
09.2

350 - 700
000 - 550
350 - 550
350 - 550
350 - 580
350 - 550
300 - 500
400 - 600
300 - 700
300 - 500
350 - 620
400 - 620
350 - 640
350 - 700
350 - 550
300 - 600
300 - 580
350 - 550
300 - 580
300 - 550
250 - 600
300 - 550
350 - 580
250 - 700
000 - 550
000 - 700
350 - 680
300 - 550
250 - 700
200 - 550
250 - 550
250 - 500
000 - 640
250 - 550
000 - 700
000 - 700
000 - 450
000 - 500
000 - 500
250 - 500
350 - 580
350 - 580
000 - 580
300 - 580
200 - 580
250 - 400
250 - 450
200 - 450
250 - 550
200 - 500
200 - 550
200 - 500
200 - 600
400 - 550
200 - 450
200 - 500
200 - 500
000 - 620
000 - 620
000-- 620
000 - 620
000 - 550
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GGB1DV4306
GGB1DV4307
GGBI1DV4308
GGB1DV4309
GGB1DV4311
GGB1DV4312

GGB1DV4313 |

GGB1DV4314
GGB1DV4315
GGBIDV4316
GGBI1DV4317
GGB1DV4318
GGB1DV4319
GGB1DV4401
GGB1DV4402
GGB1DV4403
GGB1DV4404
GGB1DV4405
GGB1DV4406
GGB1DV4501
GGBIDV4502
GGB1DV4503
GGB1DV4504
GGBIDV4505
GGB1DV4601
GGBI1DV4602
GGB1DV4603
GGBI1DV4604
GGBI1DV4605
GGBI1DV4606
GGB1DV4607
GGB1DV4608
GGB1DV4609
GGB1DV4701
GGB1DV4702
GGB1DV4703
GGBI1DV4704
GGB1DV4705

GGBI1DV4706

GGB1DV4707
GGB1DV4708
GGB1DV4709
GGBI1DV4710
GGBIDV4711
GGBIDV4712
GGBIDV4713
GGBIDV4714
GGB1DV4716
GGBIDV4801
GGBI1DV4802
GGB1DV4803
GGB1DV4804
GGB1DV4805
GGB1DV4806
GGBIDV4807
GGB1DV4808
GGBIDV4809

. GGB1DV4810

GGBI1DV4811
GGBIDV4812
GGBI1DV4813
GGBI1DV4814

201.8
207.6
213.0
227.6
2154
220.1
217.0
213.6
2334
237.3
209.0
206.7
219.0
209.7
2104
205.4
200.5
205.1
208.7
192.9
206.1
197.6
2043
206.8
199.7
194.7
198.8

201.4
196.3
193.9 -

200.3
193.0
199.2
199.9
207.4
200.0
197.2
180.8
204.7
200.5
201.8
200.8
204.7
205.5
2059
199.6
191.3
200.4
201.0
181.2
203.1
210.5

196.8

198.0
197.8
204.1
186.5
226.5
229.5
211.0
189.0
188.4

-23 9
-67.9
-75.4
-71.0
-63.4
-54.1
-711.0

SESZEEEEESRR

-204.6

219.1
217.1
2464
2212
230.1
226.0
2204
229.6
2349
213.1
209.2
2240
211.2
217.5
210.1
204.6
212.6
2109
1933
213.7
199.6
209.5
211.8
2023
195.2

2010

204.1
197.8
194.7
203.5
193.3
203.1
215.7
223.5
212.1
209.5
192.8
219.8
215.6
216.1
210.1
2239
2122
218.7
2111
201.2
207.8
218.6
178.4
210.8
2144
201.3
212.6

- 1977

221.8
185.0
194.0
197.8
196.8
187.6
185.0

14.3
16.4
154
15.3
12.9
03.7
09.4
1.1
05.3
07.0
14.5
09.1
06.5
09.9
08.7
10.4
10.0
11.4
08.2
08.5
04.9
04.3
06.2

08.9
09.0
09.2
12.1
07.7
11.1
08.1
09.8
06.1
05.2
01.6
01.0
05.1
09.9
08.3
06.3
05.2
13.7
06.8
07.1
04.3
06.9
07.3
0L.5
222
11.6
11.9
08.3
13.2
09.4
11.8
07.4
10.3
05.4
06.1
12.8
13.7
17.1

000 - 620
000 - 550
000 - 600
250 - 600
000 - 550
300 - 550
250 - 550
000 - 500
350 - 580
450 - 600
000 - 580
400 - 580
400 - 600
300 - 500
300 - 620
300 - 620
300 - 680
000 - 580
300 - 680
350 - 680
300 - 620
000 - 620
000 - 620
000 - 640
150 - 680
200 - 680
000 - 680
150 - 660
200 - 660
000 - 580
000 - 580
150 - 580
150 - 580
000 - 680
000 - 250
000 - 250
000 - 680
000 - 680
150 - 580
150 - 580
000 - 680
000 - 680
250 - 550
200 - 680
200 - 620
250 - 660
250 - 500
000 - 400
300 - 680
450 - 680
350 - 640
350 - 640
350 - 640
400 - 640
000 - 680
000 - 700
000 - 680

350 - 660

350 - 640
400 - 700

350 - 640 -

200 - 640
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GGBIDV4815
GGB1DV4816
GGBIDV4817
GGBIDV4818
GGB1IDV4819
GGBI1DV4820
GGBI1DV4321
GGB1IDV4822
GGB1DV4823
GGB1DV4824
GGBI1DV4901
GGB1DV4902
GGBI1DV4903
GGB1IDV4904
GGB1DV4905
GGBI1DV4906

GGBIDV4907_

GGB1DV4908
GGB1DV4909
GGB1DV4910
GGB1DV4911
GGBIDV4912
GGB1DV4913
GGBIDV4914
GGBIDV4915
GGB1DV4916
GGBI1DV4917
GGBI1DV4918
GGBIDV4919
GGB1DV5001
GGBIDV5002
GGBIDV5003
GGB1DV5004
GGB1DV5005

GGBIDV5006.

GGBIDV5007
GGBI1DV5008
GGBIDV5009
GGBIDV5010
GGBIDV5011
. GGBIDV5012
GGBIDV5013
GGBIDV5101
GGBIDV5102
GGBIDV5103
GGBIDV5104
GGBIDV5105
GGBIDV5106
GGBIDV5107
GGBIDV5108
GGBIDV5109
GGBI1DVS5110
GGB1DV5l111
GGBI1DVS5112
GGBI1DVS5113
GGBIDVS5114
GGBIDV5115
.GGBIDVSsl116
GGBIDVS5117
GGBI1DVs5118
GGBI1DV5201
GGB1DV5202

224.0
225.7
199.1
196.9
195.2
207.7
200.2
190.6
195.1
199.3
207.3
208.5
2122
2219
205.0
211.6
204.3
203.3
217.7

1 203.6

232.2
200.3
210.0
200.6
207.9
205.5
200.5

198.3 -

219.5

213.2 -

213.5
213.1
216.6
225.1
2133
226.6
2224
211.2
192.6
226.7
2184
22277
246.9
232.1
227.7
228.0
228.7
2343
231.2
226.1
234.1
233.7

. 2219

214.4
2324
229.5
2423
2326
226.9
2244
263.2
259.7

004
004
004
004
004
004
004
004
004
004
006
006

006
006
0066
006
006
006
006
006
006

006

006

006
006
006
006

184
184
184
184
184
184
184
184
184
184
184
184
184
184
184

184
184
184
184
184
184
184
184
184
184
184

184
184
022

022

190.6

194.4
202.3
195.4
194.0
203.4
194.6
186.4
189.7
192.3
204.5
211.9
213.0
216.0
204.7
205.0
204.6
210.0
217.8
198.4
219.6
196.7
211.3
207.4
21i4
210.5
200.5
203.2
220.4
2244
227.3
224.8
227.3
238.7
225.0

'228.0

219.8
198.2
236.6
237.7
230.8
228.9
218.3
218.1
2174
218.0
2278
2274
218.6
225.1
222.1
223.6
2224
213.2
2258
219.1
221.5
220.6
2249
250.9
249.1

350 - 640
250 - 660
450 - 660
350 - 660
350 - 660
350 - 660
350 - 680
450 - 660
450 - 660
000 - 660
300 - 620
350 - 660
300 - 660
300 - 660
400 - 660
400 - 660
300 - 680
350 - 580
300 - 500
450 - 640
450 - 640
450 - 600
450 - 600
150 - 600
300 - 580
300 - 600
400 - 640
000 - 550
000 - 450
300 - 640
300 - 640
000 - 640
250 - 600
000 - 600
000 - 640
250 - 580
500 - 580
250 - 600
250 - 550
300 - 550
350 - 550
300 - 550
000 - 640
400 - 640
300 - 640
400 - 640
150 - 600
150 - 600
000 - 640
000 - 640
000 - 640
000 - 640
250 - 550
000 - 550
350 - 660
250 - 700
350 - 660
350 - 660

. 150 - 660

300 - 640

250 - 660 .

300 - 600
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GGBIDV5203
GGBIDV5204
GGB1IDV5205
GGBI1DV5207
GGB1DV5208
GGBI1DV5209
GGBIDV5210
GGBIDV5211
GGBIDV5212
GGBI1DV5213
GGB1DV5214
GGBIDV5215
GGBI1DVS5216
GGBI1DV5217

GGBIDV1402
GGBI1DV2603

GGBIDV2604

GGB1DV2608
GGB1DV2609
GGBIDV2610
GGBI1DV26l11
GGBIDV2613
GGBI1DV2801
GGB1DV4205
GGB1DV4310
GGB1DV5206

GGBI1DV0104
GGB1DV0202
GGBI1DV0203
GGB1DV0205
GGB1DV0301
GGB1DV0302
GGB1DV0303
GGBI1DV0402
GGB1DV0403
GGBIDV0404
GGB1DV0405
GGB1DV1501
GGBI1DV1503
GGB1DV1601
GGBI1DV1603
GGB1DV1604
GGBIDV1605
GGBI1DV1702
GGBI1DV1704
GGBIDV1705
GGBI1DV1801
GGBIDV1802
GGB1DV1902
GGB1DV1903
GGBI1DV1904
GGBIDV1905
GGB1DV3501
GGBIDV3503
GGB1DV3505
- GGB1DV3506
GGB1DV3507
GGBI1DV3509
GGBI1DV3511
GGBI1DV3512

255.2
250.4
244.5
246.2
2359
238.6
227.6
250.0
245.2
241.1
241.9
247.1
2348
240.2

187.2
035.4
065.6
116.9
295.4
359.8
337.3
355.1
133.5
054.9
283.0

035.6

196.9
203.7
186.1
160.6
122.3
228.9
171.5
017.1
315.3
004.5
249.5
272.7
225.3
196.8
349.1
124.8
346.7
236.6
244.9
294.0
118.8
127.0
241.5
144.3
147.6
209.2
177.8
203.8
155.8
148.9
252.3
233.6
220.5
166.7

-28.5
-28.0
-16.4
-17.4
-20.0
-09.3

06.4
-15.0
-15.2
-224
-00.6
-16.9
-19.1
-08.2

-40.3
-05.8
-12.3
-17.6
-03.5

09.0
-07.4
-01.7

19.1
=225
-09.2
-25.6

433
37.5
09.1
264
-24.0

-17.3
-03.3
-06.9
-43.0
17.0
-86.4
319
29.3
-09.8
-193
55.2
-66.6
41.6
04.0
-61.3
22.0
06.5
023
03.4
35.5
=322
28.8
17.8
00.3
31.1
24.8
-02.9
08.7

022

022

247.2

244.1
246.6
2474
237.0
245.7
2448
252.0
2479
240.1
255.1
248.4
236.4
2479

194.2
049.9
073.2
114.0
2774
007.9
345.0
009.9
136.0
052.4
284.2
068.9

191.4
199.9
186.0
162.0
119.5
222.5
176.1
018.0
315.1
359.6
2439
3329
218.6
193.6
349.1
120.1
3479
272.1
2329
292.2
090.2
129.6
240.3
143.9
147.3
203.5
179.8
201.7
155.3
148.9
250.2
231.8
220.7
166.4

07.0
09.9
225
20.8
23.8
317
50.9
20.5
23.1
19.3
36.8
20.7
25.1
317

-53.9
-23.2
-02.8

279

-37.0
-60.7
-48.5

09.3
-23.9

-73.1

33. 2
25.6

05.1
07.1
09.6
05.8
11.8
07.6
06.9
05.1
18.6
14.9
11.6
25.0
10.7
06.2

09.3
05.3
03.9
03.6
05.2
05.7
04.3
04.3
03.1
19.8
12.1
07.3

12.4

06.2
19.4
21.1
20.4
13.5
08.9
08.2
17.1
36.7
08.0
04.8
20.2
28.1
433
19.8
17.6

08.8

23.7
13.9
41.3
08.3
10.2
08.6
28.5
16.7
17.6
17.3
23.0
17.5
11.5
12.4
08.7

150 - 660
150 - 600
300 - 620
150 - 660
400 - 660
400 - 640
300 - 640
000 - 660
000 - 600
350 - 600
400 - 620
000 - 580

350 - 620

350 - 620

250 - 700
250 - 640
250 - 640
000 - 700
250 - 700
000 - 700
300 - 700
300 - 700
300 - 700
000 - 640
000 - 600
350 - 620

450 - 720
625 - 720
625 - 720
550 - 720
600 - 700
550 - 700
600 - 700
600 - 675
625 - 700
600 - 700
550 - 700
650 - 700
550 - 700
600 - 700
400 - 675
450 - 700
450 - 700
550 - 700
625 - 700
600 - 700
625 - 700
550 - 700
600 - 700
450 - 700
550 - 700
500 - 700
450 - 640
580 - 660
580 - 700
640 - 700
600 - 700
600 - 680
600 - 700
550 - 700
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GGBIDV3601
GGBIDV3604
GGBIDV3701
GGB1DV3703
GGBIDV3705
GGB1DV3706
GGBIDV3707
GGBIDV3708
GGB1DV3709
GGB1DV3710
GGB1DV3711
GGBIDV3713
GGBIDV3801
GGB1DV3802
GGBIDV3803
GGBI1DV3804
GGB1DV3805
GGB1DV3806
GGBIDV3808
GGB1DV3901
GGB1DV3902
GGBIDV3905
GGB1DV3906
GGB1DV3907
GGB1DV3908
GGB1DV3909
GGBI1DV3910
3GB1DV3911
GGB1DV3913
GGBI1DV3919
GGB1DV3921
GGBI1DV4001
GGB1DV4002
GGB1DV4004
GGBI1DV4007
GGB1DV4101
GGB1DV4102
GGBI1DV4103
GGB1DV4104
GGB1DV4105
GGB1DV4107
GGB1DV4108
GGBI1DV4109
GGBI1DV4201
GGB1DV4202
GGB1DV4203
GGB1DV4205
GGBI1DV4207
GGB1DV4209
GGB1DV4402
GGB1DV4403
GGB1DV4909
GGB1DV5202

202.1
183.8
141.0
126.0
145.4
160.6
156.5
167.5
110.3
149.4
144.9
147.6
127.6
137.1
178.8
142.7
145.8
137.0
162.2
192.3
190.5
214.0
220.8
252.5
222.6
238.4
2129

298.1 -
198.1 -
261.8 -

245.2
220.1
217.7
211.6
224.3
206.2
196.5
191.6
211.0
165.5
250.8
199.7
251.2
176.9
220.2
211.7
142.5
195.5
159.6
276.8
264.0
203.5

112989

19.1
424
-22.7
-05.0
054
-03.2
10.6
-17.0
-12.6
-01.0
-43.7
-42.8
-13.0
-24.0
-02.8
08.4
213
-37.9

34.8
322

224
38.1
12.4
29.5
59.0
154
08.7
16.5
24.8
-11.5
-29.0
-13.9
-47.3
-55.5
-59.9
-34.2
-51.2
-30.1
-52.5
-56.8
-38.8
-45.2
-35.1
-46.1
14.5
-40.3
-13.1
-11.1
-17.6
-83.0
-24.9

130

-200.8

181.0
142.0
120.7
146.5
167.3
158.3
183.7
096.5
1523
169.9
178.7
120.2
1339
188.0
143.2
145.7
128.8
166.3
193.6
1917
215.2
2214
253.1
2229
239.0
215.7
2979
198.4
261.9
245.6
221.3
221.1
213.1
230.7

17.9
40.0
-62.6
-43.5
-34.4
-40.1
-27.7
-50.3
-45.4
-40.3
-82.9
-81.1
-51.7
-63.9
-32.6
-31.6
-18.5
-71.7
-32.0
34.5
320
35.5
21.2
36.3
111
27.9
58.0
13.6
08.2
14.5
23.1
-11.4
-29.1
-14.7
-46.6
-56.4
-61.8
-36.9
-51.8
-34.9
-49.1
-58.5
-35.6
-49.1
-34.9
-46.7
08.6
-42.6
-18.3
00.5
-12.4
-01.3
-20.2

06.9
30.3
12.5
10.8
12.3
14.7
19.7
29.7
11.5
14.7
15.2
211

07.1
04.0
15.4
19.5
06.9
07.2
14.3
08.6
23.8
154
124
14.3
27.0
11.6
25.5
25.0
22.0
214
09.8
09.6
05.0
27.6
1.3
11.2
10.2
07.8
14.8
144
25.6
24.6
08.0
05.2
09.2
02.9
02.6
372
20.0

08.6
04.7

550 - 680
620 - 700
580 - 680
580 - 680
580 - 680
580 - 700
550 - 700
550 - 700
580 - 700
580 - 700
550 - 700
580 - 700
580 - 680
580 - 700
600 - 700
580 - 630
550 - 700
620 - 680
550 - 700
640 - 700
640 - 700
580 - 700
620 - 700
600 - 700
580 - 700
600 - 700
580 - 700
620 - 700
600 - 700
600 - 700
580 - 700
580 - 640
580 - 620
580 - 680
500 - 640
550 - 700
550 - 700
550 - 700
600 - 700
600 - 700
600 - 660
600 - 680
450 - 680
550 - 680
580 - 680
550 - 660
660 - 700
500 - 580
550 - 700
600 - 700
660 - 700
550 - 600
640 - 680
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Table A-2 Palacomagnetic results from Namurian and Westphalian A
sediments from South Wales.
Dec/CDec = in situ/tilt-corrected declination.
Inc/CInc = in situ/tilt-corrected inclination.

Tilt/Dir = bedding correction where Dir = direction of the tilt.
295 = there is a probability of 95% that the true mean is within a° from
the calculated mean (using Fisher statistics).
The unit of the temperature is °C (cxcept 0 denotes before the treatment).

Specimens measured with a SQUID are given symbol +.

Specimens excluded in calculating the site means are given symbol *.

SPECIMEN

FGBISW0201
FGBISW0202

FGBISW0203"

FGBISW0204
FGBISW0205
FGB1SW0206
FGBISW0207
FGB1SW0208
FGB1SW0209
FGBISW0210
FGB1ISW0211
FGBISW0212
FGBISW0213
FGBISW0214
FGBISWO0215
FGBISWO0216
FGB1SW0217
FGBiSW0218
FGBISW0219
FGB1SW0220

FGBISW0221

FGBISW0222

FGBISW0301
FGBISW0302
FGBISW0303
FGBISW0304
FGBISW0305
FGBISW0306
FGBISW0307
FGBISW0308
FGB1SW0309
FGBISW0310
FGBISWO0311
FGBISWO0312
FGBISW0313
FGBISW0314
FGBISWO0315
FGBISW0316
FGBISW0317
FGBISW0318
FGBISW0319
FGBISW0320

'FGBI1SW0321
FGBISW0322

FGB1SW0401
FGB1SW0402

Dec

278.16
195.25
335.59
281.91
257.58
211.52
145.91
228.89
224.49
228.30
141.40
239.08
293.43
147.87
183.44
208.16
021.48
318.06
329.93
197.50
138.51
215.68

210.17
240.19
225.65
216.20

195.78

136.09

211.45

Inc

75.94
05.51
51.30
-01.69
28.65
15.24
27.44
25.61
-39.72
72.81
-28.61
-27.93
35.56
-43.65
72.22
-03.52
21.11
66.40
47.47
06.93
-16.84
-11.29

-05.50
12.74
-21.86
-€2.22
-10.56
-05.90
53.23
06.11
19.73
20.36
01.53
18.55
66.64
65.32
-59.15
20.65
17.36
75.31
36.37
-24.50
-29.61
53.36

54.09
72.04

Tilt Dir

08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173
08 173

CDec

24591
195.15
33179
281.96
253.33
210.46
147.48
226.08
230.37
212.05
138.68
243.28
288.00
143.92
180.33
208.71
023.28
303.73
325.70
197.31
136.81
217.07

210.92
238.74
228.57
217.40
201.32
218.72
264.90
198.05
209.89
203.28
164.78
225.30
204.95
062.90
184.62
214.57
204.90
093.54
245.72
203.41
175.37
192.39

141.27
201.84

Clne

75.80
-01.90
58.86
00.91
27.60
08.93
20.27
20.96
-44.38
67.31
-35.33
-30.91
39.29
-50.78
64.31
-10.04
28.08
72.39
54.72
-00.36
-23.37
-17.11

-11.85
09.54
-26.56
-15.10
-17.64
-11.53
54.26
-01.14
13.39

295 Temp. used

05.37
12.74
12.64
19.24
14.70
11.88
03.41
05.83
07.45
19.04
10.67
10.14
15.33
05.24
10.20
22.70
26.44
18.53
04.00
11.45
13.24
11.21

08.74
09.13
08.22
15.40
23.75
17.52
30.95
30.97
14.44
33.53
14.77
17.17
20.85
33.36
06.717
17.11
14.19
34.56
63.93
26.33
10.62
47.85

04.04
10.76

0-350+
0 - 450
0- 350 *
100 - 250 *
0 - 400 *
200 - 400

0-450*
200 - 450
0- 250
0- 550 *
0-550 *
0 - 400
0-350*
200 - 400

0-350
0-350 *
0-350
0-350
100 - 350
0-350
0-350 *
0- 350 *
0 - 550
0-350*
0 - 550
0- 350
0- 550 *
0-350*
0-350*
100 - 350
100 - 350
0-350*
0-350*
0 - 350
0 - 350
0-350 *

0-300*
0-400 *
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FGB1SW0403
FGB1SW0404
FGBISW0405
FGB1SW0406
FGB1SW0407
FGB1ISW0408
FGBI1SW0409
FGB1SW0410
FGBISW0411
FGB1SW0412

FGB1SW0501
FGB1ISW0502
FGBISW0503
FGB1ISW0504
FGBISWO0505

FGBISWO0506 .

FGB1SW0507
FGB1SWO0508

FGB1SW0601
FGBISW0602
FGB1SW0603

FGBISW0701
FGB1SW(0702
FGBISW0703
FGB1SW0704
FGBISW0705
FGB1SW0706
FGBISW0707
FGB1SW0708
FGB1SW(709

FGBISW0801
FGBISW0802
FGB1SW0803
FGBISW0804
FGBISW0805
FGBISW0806
FGBISW0807
FGBISW0808
FGB1SW0809

FGB1SW(0901
FGB1SW0903
FGBISW0206
FGB1SW0907

FGB1SW1001
FGB1SW1002
FGB1SW1003
FGB1SW1004
FGB1SW1005
FGBISW1006
FGB1SW1007
FGB1SW1009
- FGBI1SW1010
FGBISW1012

EGBISW1101
FGBISW1102

210.70
053.31
003.68
148.86
086.16
094.18
122.41
194.55
177.01
248.11

161.81
182.18
174.58
138.30
106.70
207.90
215.15
207.12

143.98
185.80
115.26

192.04
194.75
215.53
204.09
186.40
186.65
213.43
142.02
234.55

176.87
180.96
114.98
293.33
291.77
216.76
192.43
204.98

197.14

146.87
041.56
191.69
157.92

201.46
010.84
204.39
197.79
194.23
194.80
203.23
196.85
207.83
194.48

203.04
171.25

33.56
62.98
66.58
48.58
83.25
43.17
28.94
05.83
15.45

36.50

07

07
07
07
07

07
07
07
07
07

07
07

175
175
175
175
175
175
175
175
175
175

175
175
175
175
175
175
175
175
175
175
175

175
175
175
175
175
175
175
175
175

175
175
175
175

175
175
175
175

175
175
175
175

175
175
175
175
175

175
175
175
175

175
175

208.34
066.64
007.17
151.83
131.40
100.44
125.16
194.45
176.96
243.42

162.00
181.46
174.58
141.15
114.98
204.66
215.58
207.35

144.54
185.76
116.75

192.48
194.04
215.33
204.87
186.28
186.56
212.98
143.45
229.56

176.89
180.88
120.50
290.89
291.88
217.97
192.44
205.95
197.22

145.94

048.51

190.94
160.90

200.58
024.88
204.21
197.88
193.93
194.36
203.02
196.88
208.05
194.60

202.67
164.88

27.99
65.96
73.47
42.21
80.19
41.67
24.55
-00.77
08.45
34.19

03.26
37.48
00.92
32.26
51.13
38.72
-08.07
-06.48

05.89
-01.87
12.11

-15.41
13.65
-00.12
-15.78
01.74
00.20
03.24
18.02
38.40

-08.24
02.63
41.20
2294
00.60

-16.99

-03.70

-18.33

-04.92

-18.56
54.55
17.45
54.33

12.88
82.25
-00.09
-05.22

07.23
00.63
-03.87
-06.28
-06.13

03.42
83.19

08.72

23.73

08.81
08.94
18.25
08.02
04.39
19.70
13.61
23.69

02.68
10.88
08.12
02.04
02.31

05.72
14.20
18.02

09.31
15.21
08.27

16.47
32.83
17.61
09.22
15.13
15.25
14.66
15.38
36.70

11.53
12.95
39.29
10.48
15.48
20.26
20.38
25.03
24.33

11.10
07.03
12.32
17.54

13.60
10.01
21.75
05.78
05.09
05.26
10.76
05.53
07.10
06.48

09.12

05.88

0 - 300
0-350*
0-350*
0-350 %
0-200*
0-300*
0-500*
0- 300
100 - 300
0 - 400 *

0-350
0-450 *
0 - 550
0-550*
0-500 *
0- 500 *
0 - 300
0- 300

0-300*
150 - 300
150 - 300 *

0-250
150 - 300 *
150 - 350

0-350
150 - 300

0-350

0- 350

0-400 *

0-350*

150 - 400
200 - 400
0-200*
0- 500 *
0-450*
0 - 400
150 - 500
150 - 500
250 - 400

0-450*
0-625*
150 - 500
0-550 *

150 - 350
0-350 *
0-350
0- 450
0 - 500
0 - 500
0- 350
0 - 500
0 - 500
0-550

0-250
0-350*
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FGBISW1104
FGBISW1105
FGBISW113A
FGBISW113B

FGB1SW1201
FGBISW1202
FGBISW1203
FGBISW1204
FGBISW1205
FGB1SW1206
FGBISW1208
FGBISW1209

FGBISW1301
FGB1ISW1302
FGBISW1303
FGBISW1304
FGBISW1305
FGBISW1306

FGBISW1401
FGBISW1402
FGBISW1403
FGB1SW1404
FGBISW1405
FGBISW1406
FGBISW1407

FGBISW1501
FGB1ISW1502
FGB1SW1503
FGB1SW1504
FGB1SW1505

FGBISW1701
FGBISW1702
FGBISW1703
FGBISW1704
FGBISW1705

FGBISW1901
FGB1SW1902
FGB1ISW1903
FGB1ISW1904
FGBISW1905

FGB1ISW2101
FGB1SW2102
FGBISW2103
FGBISW2104
FGBISW2105

FGBISW2201
FGBISW2202
FGBISW2203
FGBISW2204
FGBISW2205

FGB1SW2401
FGB1SW2402
FGB1SW2403

198.31 -01.66
215.96 -08.34
312.85 81.93
188.85 07.81

149.71 80.48
35530 81.23
187.99 23.76
186.13 2251
190.95 -02.77
026.90 "72.65
199.25 -06.04
176.54 16.18

128.32 4775
196.10 -01.44
215.39 -10.71
151.59 35.90
174.93 -21.67
15491 27.00

178.63 27.95
207.53 -10.21
207.36 01.42
205.31 -08.73
191.28 -06.26
196.49 02.92
100.17 08.16

008.56 -57.17
006.58 -55.05
345.92 -59.52
359.84 -54.72
348.35 -48.45

004.48 -64.57
015.73 -49.63
042.73 -71.53
046.66 -47.26
055.59 -40.99

221.29 09.63
198.78 -15.45
197.83 -10.90
215.31 -28.13
205.54 -02.11

289.52
310.99
230.49
310.64
305.62

¢
203.63
185.93
155.36
192.39 .
168.62 -25.48

155.29
209.71
199.36 -22.76

07 175 198.55
07 175 216.86
07 175 254.56
07 175 188.72

07 175 160.26
07 175 356.48
07 175 187.42
07 175 185.67
07 175 191.16
07 175 044.42
07 175 199.72
07 175 176.50

07 175 133.25
07 175 196.31
07 175 21648
07 175 153.31
07 175 174.93
07 175 15594

07 175 178.43
07 175 208.42

07 175 207.46

07 175 206.05
07 175 191.62
07 175 196.51
07 175 101.02

110 359 173.71
110 359 174.52
110 359 185.69
110 359 178.50
110 359 186.54

104 004 183.79
104 004 175.61
104 004 172.57
104 004 155.11
104 004 145.74

38 017 230.83

38 017 198.86
38 017 197.92
38 017 213.26
38 017 207.49

15 078 316.53
15 078 351.02
15 078 192.51
15 078 334.56
15 078 327.46

10 079 201.13
10 079 182.55
10 079 153.11
10 079 182.37
10 079 173.36

15 154 155.29
15 154 206.01
15 154 205.30

-08.08
-13.59
84.50
01.01

73.87
88.23
16:93
15.64
-09.50
78.03
-12.41
09.18

42.73
-07.97
-16.00

29.43
-28.67

20.40

20.96
-16.08
-04.49
-14.75
-12.97
-03.59

06.28

-12.41
-14.67
-09.76
-15.28
-20.89

-11.43
-25.53
-00.59
-17.85
-17.24

43.24
22.53
27.10
08.27
35.41

73.72
72.15
79.12
63.46
63.35

19.37
20.60
11.78
48.04
-25.13

-08.14
12.47
-32.78
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FGB1SW2404
FGB1SW2405

FGB1SW2501
FGB1SW2502
FGBISW2503
FGB1SW2504
FGBISW2505

FGB1SW2601
FGB1SW2602
FGB1SW2603
FGB1SW2604
FGB1SW2605

FGB1SW2801
FGBISW2802
FGB1SW2803
FGBISW2804
FGBISW2805

FGB1SW2901
FGBISW2902
FGBISW2903
FGB1SW2904
FGBISW2905

FGB1SW3001
FGB1SW3002
FGB1SW3003
FGB1SW3004
FGB1SW3005

FGBISW3101
FGBISW3102
FGBISW3103
FGBISW3104
FGB1SW3105

FGB1SW3201
FGB1SW3202
FGB1SW3203
FGBI1SW3204

FGBISW3303
FGBISW3305

FGB lSW3306
&;;.AM 380338

FGB1SW3501
FGBI1SW3502
FGB1SW3503
FGBISW3505

203.79 -05.82
208.68 -15.21

207.51 05.21
197.43 -35.16
213.63 -09.55
211.92 -20.85
198.56 -16.92

24542 -26.39
197.44 -10.86
218.43 -29.05
229.87 -03.73
22326 -31.02

180.50 -07.07
201.84 -11.34
189.08 -5.85
188.70 03.64
187.43 -9.78

198.49
192.64
190.77
197.28
187.46

-6.18
00.03
12.64
-2.15
03.54

188.82 05.88
200.30 03.35
213.89 -05.56
194.44 07.25
172.12 -15.77

21423
206.57 -4.74
207.18 13.13
202.63 -08.13
188.20 -52.21

09.45

171.81 -28.14
17524 -13.13
184.47 -55.18
21243 -32.83

303.68 59.76
22361 27.21
261. 49 77.48

24.52

74.66
68.69
71.47
07.16

15 154 205.97
15 154 213.11

07 214 207.53
07 214 195.76
07 214 213.62
07 214 211.80
07 214 197.85

10 274 242.43
10 274 195.37
10 274 213.17
10 274 228.97
10 274 217.82

08 155 181.16
08 155 203.32
08 155 189.81
08 155 188.68
08 155 188.45

07 200 198.46
07 200 192.59
07 200 190.95
07 200 197.25
07 200 187.46

10 183 188.80
10 183 200.37
10 183 214.79
10 183 194.36
10 183 171.38

06 172 213.72
06 172 207.00
06 172 206.53
06 172 203.21
06 172 190.79

173.45
12 161 176.62
12 161 194.65
12 161 219.68

38 180 233.35
38 180 217.87
33 180 198.89

-15.32
-23.44

-01.75
-41.84
-16.55
-27.85
-23.66

-35.05
-13.01
-34.33
-10.86
-36.99

-14.27
-16.74
-12.45
-03.02
-16.50

-13.18
-06.91

05.73
-09.14
-03.29

-04.07
-06.20
-14.11
-02.55
-25.58

05.00
-09.67
08.20
-13.28
-57.93

-39.90
-29.73
-65.77
-39.73

58.51
-02.07
48.55

AR T h .-~ s :,;,

83.73 0-150*
- 0- 150 *
57.04 0-400 *
59.43 0 - 400 *
49.00 0 - 400 *
42.83 - 400 *
41.45 0 - 400 *
50.84 0-400*
50.29 0 - 400 *
48.41 0 - 400 *
73.90 0 - 400 *
56.10 0 - 400 *
07.64  0-400
11.32 0 - 400

0724  0-400
08.65 0 - 400
05.71 0 - 400
12.68 0 - 400
11.02 0-400
14.33 0 - 400
09.23 0 - 400
16.43 0- 350
12.27 0 - 300
14.97 0 - 300
13.38 0 - 300
16.43 0 - 300
23.78 0 - 300
11.50 0 - 200
15.55  0-300
08.03 0 - 300
08.50 0 - 300
04.09 0- 300 *
08.72 0 - 300
10.70 0 - 300
02.85 0-300*
09.45 0 - 300 *
13.93 0- 300 *
0-350+*

47 178 204.80

71 018 008.25
71 018 007.80
71 018 009.04
71 018 177.34

5447 178 19345 -1197

-36.68 04
4250
91 -15" s ', %ﬁ&x & ﬁQp;x‘F%QQ%*’
-k 0-400 +*
DL~12.09- 0294 VWA | 4,
110277707350 +°
-17.67 0347 0-300 +¥
0694 0640 0 -400*
00.19 03.83 0-300*
02.67 0220 0-400*
7739 09.43  0-350 +%
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FGBISW3506 146.21 -32.10 71 018 15332 18.81 08.85 0 - 400 +*
(€12 .189.86 71 018 178.64 64.81 0641 1
US:" § R i'ﬁ‘”

2 4

FGBISW3510 007

FGBISW3601 005.70 68.53 82 018 013.41 -12.98 04.40
FGBISW3602 007.96 -11.88 02.22

74 10 0276 08.07"

FGBISW4106 318.02 7448 32 325 322.47 42.56 08.69
FGBISW4109 343.58 65.55 32 325 334.19 34.34 04.36
FGBISW4110 353.01 66.02 32 325 338.61 35.78 05.60
FGBISW4111 348.94 71.10 32 325 33491 40.20 02.80
FGBISW4113  341.70 70.03 32 325 332.21 38.59 03.09
FGBISW4114  345.15 68.59 32 325 334.11 37.44 08.09
FGBISW4l15 34299 66.74 32 325 333.61 3546 01.33
FGBISWA4116 342.25 69.64 32 325 332.55 38.24 01.79 - 0-350*
FGBISW4117 333.17 71.22 32 325 328.39 39.35 01.44 0-300 *
FGBISW4118 007.24 41.18 32 325 356.63 15.25 07.47 0-300 *
FGBISW4119  326.19 35.17 57 304 323.03 -18.73 07.49 0-350*
FGBISW4120 317.14 75.72 57 304 307.40 19.05 04.82 0-250 %

FGBISW4201 087.25 -28.35 47 188 070.03 -11.76 10.82 0-250*
FGBISW4202 186.48 -545 47 188 185.52 -5243 1502  0-250

FGBISW4204 10748 86.33 47 188 183.10 4229 04.60 0-250*
FGBISW4214  075.65 89.04 30 186 184.19 60.32 04.07 0- 250 *

FGBISW4303 308.30 67.52 71 336 325.76 -01.10 02.58 0-350 *
FGBISW4309 321.03 74.65 71 336 232.07 04.14 02.98 0-300 *
FGBISW4310 32583 66.98 71 336 332.03 -03.69 03.36 0-250+

FGBISW4409 34477 57.66 48 179 204.09 71.93 04.41 0-200*
FGBISW4411 339.00 61.13 48 179 204.43 67.39 04.53 0-250 *
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APPENDIX B
Table B-1 Results from the FOLDCONT program (ORS).

LLANTHONY (SOUTH WALES)

DEC INC TILT DIR
S-E LIMB
1892 17.1 400 1400
. 189.0  09.1 400 1400
W LIMB
1903 -056 020 2750

o d e o 9 v I de & dr de % gt e b e ok ok o e e e ok k MAX[I\‘UM % Fe ¢ v v F v s A o A ok o ke o e o e de b e e o
S-£E LIMB 72.0 % UNFOLDED W LIMB 100.0 % UNFOLDED
Mean Dec.= 188.6 Mean Inc.= -6.1 A95 = 2.2

Data = 3 R value = 2994561 k max = 367.7

>>>>>>>>>EXPECTEI(INC.= 60 +/- 20)< < < << << <<
MEAN DEC.= 188.6 MEAN INC.= -6.1

S-E LIMB  72.0 % unfolded W  LIMB 100.0 % unfolded

A95 = 2.2 Rvalue = 2994561 kmax = 367.7

L2 222222222 22222t ssssdd USUAL FOLD TEST Ak A o o o o e A de o o o o e ook e o b

S-E LIMB 72.0 % UNFOLDED W LIMB  72.0 % UNFOLDED .

Mean Dec.= 188.6 Mean Inc.= -6.1 A95 = 2.2
Data = 3 R value = 2.994530_} k max = 365.6

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 6.38

k1 (k-parameter for in situ) = 49.5

k2 (k-parameter at 95% limit; = k1 * F) = 315.8
k3 (k-parameter for fully unfoided) = 177.7

Bl



LLANSTEPHAN (SOUTH WALES)

DEC INC TILT DIR

NORTH LIMB
2069 -135 540 330.0
2091 -184 41.0  327.0
2100 -12.8 320 3240
197.7 -02.9 650 3420
208.6 -034 45.0 349.0
203.1  -05.0 64.0 333.0
2068 -12.8 40.0 340.0

SOUTH LIMB

208.0 -06.3 25.0 166.0
2094 03.6 48.0 168.0
208.8 01.2 100  190.0
2104 014 18.0 167.0 i’

dhkwdkrkk kbt dhkt b rdtrtras k I\/IAX[MUM dhkdedkdedk R kb rrhkhbbhhhrht

NORTH LIMB 0.0 % UNFOLDED SOUTH LIMB  36.0 % UNFOLDED
Mean Dec.= 2073 Mean Inc.= -9.1 A95 = 1.7
Data = 11 R value = 10.933667 kmax = 150.8

>>>>>>>>>EXPECTEI(INC.= -6.0 +/- 50)< <<<<<<<<

MEAN DEC.= 2073 MEAN INC.= 9.1
NORTH LIMB 0.0 % unfolded SOUTH LIMB  36.0 % unfolded
A95 = 1.7 R value = 10933667 k max = 150.8

v e g ok ok o ok ok ok b o o b e ke b ok ok e e ok USUAL FOLD TEST Kk hArhkkhkhkkhkkhthkhhhhkdhd

NORTH LIMB  10.0 % UNFOLDED SOUTH LIMB 10.0 % UNFOLDED
Mean Dec.= 206.8 Mean Inc.= 5.2 A95 = 19
Data = 11 R value = 10.919617 kmax = 1244

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = -2.12

k1 (k-parameter for in situ) = 106.1

k2 (k-parameter at 95% limit; = k1 * F) = 2249
k3 (k-parameter for fully unfolded) = 10.8
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LLANSTEPHAN (SOUTH WALES)

DEC INC TILT DIR

NORTH LIMB
2069 -135 54.0 330.0
209.1  -184 41.0 327.0
2100 -12.8 32.0 3240
1977 -02.9 65.0 342.0
208.6 -034 45.0 349.0
203.1  -05.0 64.0 ~ 333.0
2068 -12.8 40.0 340.0

SOUTH LIMB

208.0 -063 250 166.0
2094 03.6 48.0 168.0
208.8 01.2 10.0  190.0
2104 -01.4 18.0 167.0 :

PLUNGE CORRECTED : amount/dir = 05.0/ 250.0

NORTH LIMB
2060 -17.1 533 3336
2079 221 401 3328
209.1  -16.6 310 332.0
1974 059 653 3443
2083 -07.1 460 3538
2027 -084 635 3355
2059 -164 403 3459

SOUTH LIMB
2075 <100 249 1552
2095 002 475 1635
2088 -02.6 08.6 1603
2102 -052  18.1 1516

ddk Rk ko kdeh bkttt rd k M:\’xl\’lu\d ke ek dod ok o e ok g dede e de ok e ok e e ok

NORTH LIMB 0.0 % UNFOLDED SOUTH LIMB  36.0 % UNFOLDED
Mean Dec.= 207.0 Mean Inc.=-12.2 A95 = 18
Data = 11 R value = 10.928006 k max = 138.9

>>>>>>>>>EXPECTED(INC.= -6.0 +]- 50)< < << << < <<

MEAN DEC.= 206.7 MEAN INC.=-10.9
NORTH LIMB 4.0 % unfolded SOUTH LIMB  28.0 % unfolded
A95 = 1.8 R value = 10925462 kmax = 134.2

dhkhkhhhkhkkhrkktbrhrbhrhrd USUAL FOLD TEST Ao de e e o o o e d g de ok ke ke e e de e ke ok ok

NORTH LIMB 10.0 % UNFO'.DED = SOUTH LIMB  10.0 % UNFOLDED
Mean Dec.= 206.3 Mean Inc.= -8.6 A95 = 19
Data- = 11 R value = 10917131 kmax = 120.7

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 2.12

K1 (k-parameter for in situ) = 106.1

k2 (k-parameter at 95% limit; = k1 * F) = 2249
k3 (k-parameter for fully unfolded) = 10.8




FRESHWATER EAST (SOUTH WALES)

DEC INC TILT DIR
NORTH LIMB
2003 -52.2 90.0 0040
2088 -38.6 82.0 006.0
SOUTH LIMB
. 216.6  -06.3 42.0 1840

kkkhhkhkhrtkrhkkhrhkkthhkdhikdk k MAX[MUM 3o de e e K de e dede ke & e dodedk Rk ke ok ko

NORTH LIMB  46.0 % UNFOLDED SOUTH LIMB 0.0 % UNFOLDED
Mean Dec.= 2048 Mean Inc.= -7.1 A95 = 6.4
Data = 3 Rvalue = 2956203 kmax = 45.7

>>>>>5>>3>>EXPECTEIXINC.= -6.0 +/- 50)< < < << << <X

MEAN DEC.= 2048 MEAN INC.= -7.1
NORTH LIMB 46.0 % unfolded SOUTH LIMB 0.0 % unfolded
A95 = 64 Rvalue = 2956203 kmax = 457

P TTRL T2 222 22 2 a g by USUAL FOLD TEST Py 222222222222 22 S22 82 st

NORTH LIMB  32.0 % UNFOLDED SOUTH LIMB 32.0 % UNFOLDED
Mean Dec.= 2059 Mean Inc.=-18.8 A95 = 65
Data = 3 Rvalue = 2954834 kmax = 443

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 6.38
k1 (k-parameter for in situ) = 11.1
k2 (k-paraméter at 95% limit; = k1-* F

)= 708
K2 (k-parameter for fully unfolded) = 3.1

FRESHWATER EAST (SOUTH WALES)

The plunge correction (see text) :
North limb : 08/297
South limb : 14/095

DEC INC TILT DIR
NORTH LIMB

1905 -50.6 86.9 0042

2024  -384 79.2 0072
SOUTH LIMB .

21741 01.1 43.6 1991

PRS2 22 2 22 2 2 0t hhtd k MAXIMUM e e e e e g e ok o o o b e v e o o o e ok e ok ek

NORTH LIMB 0.0 % UNFOLDED SOUTH LIMB 106.0 % UNFOLDED
Mean Dec.= 206.1 ~ Mecan Inc.=-43.7 A95 = 7.2
Data = 3 R value = 2944681 kmax = 362

>>>>3>>>>>EXPECTED(INC.= -6.0 +/- 50)< <<<<<<<<

MEAN DEC.= 201.6 MEAN INC.=-10.2
NORTH LIMB  42.0 % unfolded SOUTH LIMB 26.0 % unfolded
A95 = 8.0 R value = 2931876 kmax = 294

AhhrReRRRRAERAEERANRAARS USUAL FOLD TEST khkhkhhkhkhrhrkthhrrhhhird

' P .
NORTH LIMB  36.0 % UNFOLDED SOUTH LIMB 36.0 % UNFOLDED
Mean Dec.= 201.9 Mean Inc.=-14.9 A95 = 7.9
Data = 3 Rvalue = 2932647 kmax = 297

McELHINNY TEST (95% CONFIDENCE LIMIT)

" Variance ratio (F) = 638
k1 (k-parameter for in situ) = 7.8
k2 (k-parameter at 95% limit; = k1 * F

) = 49.8
k3 (k-parameter for fully unfolded) = 3.1
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FRESHWATER EAST (SOUTH WALES)

DEC INC TILT DIR
NORTH LIMB

2003 -52.2 90.0 004.0

2088 -38.6 82.0 006.0
SOUTH LIMB

216.6  -06.3 42.0 1840

PLUNGE CORRECTED : amount/dir = 14.0/ 95.0

NORTH LIMB
2155  -46.7 90.2 004.0
2176  -31.9 82.0 - 004.0
SOUTH LIMB
217.1 01.1 43.6 199.1

*dtkkkdkhkkhhkhdkhkhkhkdkhtih k Mt\leUM e e 4 s 5 e J o dr g % de Je T e Fe v e ok de e de e

NORTH LIMB  54.0 % UNFOLDED SOUTH LIMB 0.0 % UNFOLDED
Mean Dec.= 211.5 Mean Inc.= . 1.8 A95 = 4.0
Data = 3 Rvalue = 2982592 kmax = 1149

>>>>>>>>>EXPECTEIINC.= -6.0 +/- 50)< << <<<<<<

MEAN DEC.= 211.5 MEAN INC.= -1.1
NORTH LIMB  50.0 % unfolded SOUTH LIMB 6.0 % unfolded
A95 = 4.0 Rvalue = 2.982245 kmax = 112.6

e Je 9 % e Fe Fo e o o e ok de ok e ok ok ke ke USU[\L FOLD TEST e e e de 9 de e de e Yo e e e Je de o Fe F e ok Fe ok dr

NORTH LIMB 340 % UNFOLDED SOUTH LIMB  34.0 % UNFOLDED
Mean Dec.= 212.1 Mean Inc.=-134 A95 = 4.1
Data = -3 R value = 2981267 . kmax = 106.8

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 6.38
k1 (k-parameter for in situ) = 11.1
k2 (k-parameter at 95% limit; = k1 * F

)= 708
k3 (k-parameter for fully unfolded) = 34

FRESHWATER WEST (SOUTH WALES)

DEC INC TILT DIR
NORTH LIMB
2448 -172 520 0220
SOUTH LIMB ,
2302 452 960 1840

fhhkhhkhhhhhhbhbrehbhrhhrhds k MAX]MUM hhkhhkhhhhhbhhkhhhehhbrhbihd

NORTH LIMB 100.0 % UNFOLDED SOUTH LIMB 16.0 % UNFOLDED
Mean Dec.= 2347 Mean Inc.= 283 A95 = 125
Data = 2 Rvalue = 1953403 kmax = 215

>>>3>>3>>>>EXPECTEIXINC.= -6.0 +/- 50)< < < <<<<<<

MEAN DEC.= 2293 MEAN INC.=-10.9
NORTH LIMB 200 % unfoldled SOUTH LIMB  72.0 % unfolded
A95 = 139 Rvalue = 1942830 kmax = 175

’ ‘i’ .
*************i****#t*tﬁ.USUAL FOLD TEST IYT22 2223222222 L 222 822 3]

NORTH LIMB 520 % UNFOLDED SOUTHLIMB 520 % UNFOLDED
Mean Dec.= 228.6 Mean Inc.= 4.1 A95 = 14.1
Data = 2 Rvalue = 1941283 kmax = 17.0

MCcELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 18.99

k1 (k-parameter for in situ) = 33

k2 (k-parameter at 95% limit; = ki * F) = 62.7
k3 (k-parameter for fully unfolded) = 3.7




FRESHWATER WEST (SOUTH WALES)

The plunge correction (see text) :
North limb : 07/275
South limb : 15/310

DEC INC TILT DIR
NORTH LIMB

2435 -232 543 027.0
SOUTH LIMB

243.7 408 1046 1863

e sk e 3k 9 de e e ok e e 3 3 e e ok e S o e e K k I\/l‘\xlwlul\ % Je e e J e o ok e e de e o ok o ok ok o ok ok e ok o

NORTH LIMB 0.0 % UNFOLDED SOUTHLIMB 92.0 % UNFOLDED
Mean Dec.= 238.3 Mean Inc.=-25.9 A95 = 55 )
Data = 2 Rvalue = 1990850 kmax = 1093

>>>3>>>3>>>EXPECTEIINC.= -6.0 +/- 50)<<<<<<<<<

MEAN DEC.= 2338 MEAN INC.=-10.8
NORTH LIMB  30.0 % unfolded SOUTH LIMB  70.0 % unfolded
A95 = 69 Rvalue = 1985822 kmax = 705

o e e v o Je % Je Je e T de e A de de e o ok b e e o USUAL FOLD TEST e Je d e de de e de o e o e v de de 9 v ok o e ke

NORTH LIMB  54.0 % UNFOLDED SOUTH LIMB . 54.0 % UNFOLDED
Mean Dec.= 233.0 Mean Inc.= 1.1 A95 = 7.1
Data = 2 Rvalue = 1.984633 kmax = 65.1

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 18.99

k1 (k-parameter for in situ) = 3.2

k2 (k-parameter at 95% limit; = k1. * F) = 60.8
k3 (k-parameter for fully unfolded) = 4.3

ORIELTON ANTICLINE

DEC INC TILT DIR
NORTH LIMB

2003  -52.2 90.0 004.0

2088 -38.6 820 006.0
SOUTH LIMB

230.2 45.2 96.0 184.0

dede e e e de o e e o o e g e e g o ok o o e e e k I\'AXIMUM >§**********i*f'i*********

NORTH LIMB  100.0 % UNFOLDED SOUTH LIMB 18.0 % UNFOLDED
Mean Dec.= 208.9 Mean Inc.= 36.1 A95 = 5.6
Data = 3 Rvalue = 2965741 kmax = 584

>>>>>>>>>EXPECTEIINC.= 6.0 +/- S0)<<<<<<<<<

MEAN DEC.= 204.1 MEAN INC.= -1.1
NORTH LIMB  54.0 % unfolded SOUTH LIMB  60.0 % unfolded
A95 = 5.8 R value = 2962788 k max = 53.7

LR 2222222 2222 sl s sss s USUAL FOLD TEST et de e e s e e e e e e o e e o e Aok ok e R

NORTH LIMB  56.0 % UNFOLDED SOUTH LIMB 56.0 % UNFOLDED
Mean Dec.= 204.1 Mean Inc.= 1.1 A95 = 58
Data = 3 Rvalue = 2.963054 kmax = 54.1

MCcELHINNY TEST (95% CONFIDENCE LIMIT)

. Variance ratio (F) = 638
k1 (k-parameter for in situ) = 2.4
k2 (k-parameter at 95% limit; = k1 * F) = 153
k3 (k-parameter for fully unfolded) = 3.7
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ORIELTON ANTICLINE
The plunge correction (see text) :
North fimb : 08/297
South limb : 15/310

DEC INC  TILT DIR
NORTH LIMB

1905  -50.6 86.9 004.2

2024 -384 792 007.2
SOUTH LIMB

243.7 40.8 104.6 186.3

Sededek ek kdkkhkhkh ki kRkkht k NIAXINIUM de e e 9t e s W o v o e e o e ok ok de ek ke ke ek

NORTH LIMB  100.0 % UNFOLDED SOUTH LIMB  20.0 % UNFOLDED
Mean Dec.= 208.7 Mean Inc.= 35.6 A95 = 103 .
Data = 3 Rvalue = 2.886654 kmax = 17.6

>>>>>>>>>EXPECTED(INC.= -6.0 +/- S0)< << << <<<<

MEAN DEC.= 2043 MEAN INC.= -2.0
NORTH LIMB  52.0 % unfolded SOUTH LIMB  58.0 % unfolded
A95 = 10.6 R value = 2.882324 kmax = 179

dkArhkrkhbhdtdtrrhtiddit USUAL FOLD TEST e e s e e e e e de & e o I de o e de e e de

NORTH LIMB  56.0 % UNFOLDED SOUTHLIMB 56.0 % UNFOLDED
Mean Dec.= 2043 Mean Inc.= 0.8 A95 = 10.6
Data = 3 Rvalue = 2882317 kmax = 170

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 638 .
k1 (k-parameter for in situ) = 2.3
k2 (k-parameter at 95% limit; = k1.* F

)= 147
k3 (k-parameter for fully unfolded) = 3.1

ORIELTON ANTICLINE

The plunge correction (sce text) :
North limb : 14/095
South limb : 15/310

DEC INC TILT DIR
NORTH LIMB
2155  -46.7 90.2 004.0
) 2176 -319 82.0 004.0
SOUTH LIMB
243.7 408 1046 1863

SRRk ARERARAERARRAA AR AR EN k I\rlelMUM whkddhhhhhhhhhrhhkhhtid

NORTH LIMB  100.0 % UNFOLDED SOUTH LIMB 16.0 % UNFOLDED
Mean Dec.= 222.1 Mean Inc.= 355 A95 = 5.6 .
Datz = 3 Rvalue = 2965233 kmax = 575

>>>>>>>>>EXPECTEIXINC.= -6.0 +/- 50)< << <<<<<<

MEAN DEC.= 2144 MEAN INC.= -14
NORTH LIMB  50.0 % unfolded SOUTH LIMB  58.0 % unfolded
A95 = 6.1 Rvalue = 2958994 kmax = 488 .
¢ " .
I 2 s 222 a sz 222 20 22 2% L4 USUAL FOLD TEST YT 2222242222222 2 224 2 2

NORTH LIMB  54.0 % UNFOLDED SOUTHLIMB 540 % UNFOLDED
Mean Dec.= 2144 Mean Inc.= 1.8 A95 = 6.1
Data = 3 Revalue = 2959533 kmax = 494

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 638

ki (k-parameter for in situ) = 2.9

k2 (k-parameter at 95% limit; = k1 * F) = 185
k3 (k-parameter for fully uafolded) = 3.7
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ORIELTON SYNCLINE

DEC INC TILT DIR
NORTH LIMB

2166 -06.3 420 1840
SOUTH LIMB

2448 -17.2 520 0220

e Je Je % d 7 F % e e e ok gk e e o e ok e e e ke k MAX[MUB/[ S % de o ke J e e e g vk e F e ok ot e s oe I o de o ok

NORTH LIMB  60.0 % UNFOLDED SOUTH LIMB 0.0 % UNFOLDED
Mean Dec.= 233.3 Mean Inc.=-22.6 A95 = 12.2
Data = 2 Rvalue = 1.955853~ k max = 22.7

> >>>>>>>>EXPECTEIXINC.= -6.0 + /- Sh)<<<<<<<<<

MEAN DEC.= 230.2 MEAN INC.=-10.9 ;
NORTH LIMB  18.0 % unfolded SOUTHLIMB 220 % unfolded
A95 = 13.0 Rvalue = 1950282 kmax = 20.1

P22 222222222 22222 st ot hs USUAL FOLD TES’I‘ Je 7 e de d e Je e e % g e e o % ok de s ok o ok

NORTH LiMB 20.0 % UNFOLDED SOUTH LIMB  20.0 % UNFOLDED
Mean Dec.= 230.4 Mean Inc.=-11.7 A95 = 129
Data = 2 Rvalue = 1950569 kmax = 20.2

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 18.99

k1 (k-paramecter for in situ) = 15.0

k2 (k-parameter at 95% limit; = k1 * F) = 284.8
"k3 (k-parameter for fully unfolded) = 33

ORIELTON SYNCLINE

The plunge correction (see text) :
Norih limb : 14/095
South limb : 07/275

DEC INC TILT DIR
NORTH LIMB

217.1 011 436 1991
SOUTH LIMB

2435 -23.2 543 0270

khkhdhkhhkthkrrhhhhdehhhhtr k Nlt\leUNl e ek Rk e e o e e ok e e vk e o e o sk de e ok e

NORTH LIMB  74.0 % UNFOLDED SOUTH LIMB 0.0 % UNFOLDED
Mecan Dec.= 232.0 Mean Inc.=-26.8 A95 = 11.1
Data = 2 Rvalue = 1.963166 kmax = 27.1

>>3>3>3>>>>>EXPECTED'INC.= -6.0 +/- 50)< << << << <<

MEAN DEC.= 229.1 MEAN INC.=-10.8
NORTH LIMB  30.0 % unfoldled SOUTH LIMB  30.0 % unfolded
A95 = 11.6 Rvalue = 1960255 kmax = 25.2

P 2 e 22222 2222222222 st add USUAL FOLD TEST Ahkkhkhkhhrkhhhdrkhdhhdidd

NORTH LIMR  36.0 % UNFOLDED SOUTH LIMB 30.0 % UNFOLDED
Mean Dec.= 229.1 Mean Inc.=-108 A95 = 11.6
Data = 2 Rvalue = 1960255 kmax = 252

McELHINNY TEST (95% CONFIDENCE LIMIT) .

Variance ratio (F) = 18.99

k1 (k-parameter for in situ) = 105

K2 (k-parameter at 95% limit; = k1 * F) = 1994

k3 (k-parameter for fully unfolded) = 32 N
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Table B-2 Results from the FOLDCONT program (Westphalian A).
Saundersfoot

DEC INC TILT DIR
NORTH LIMB

200.5 05.9 71.60  018.0

196.2  -249 82.0 018.0
SOUTH LIMB

2105 13.7 38.0 180.0

206.9 35.0 47.0 178.0

dkdkhhkhhkkkhdkddkdkhkktddhtdh k M,\X[I\iUM e ok e ok e e o ke e I & ke e de ke ok ok ke ek

NORTH LIMB  24.0 % UNFOLDED SOUTH LIMB = 46.0 % UNFOLDED
Mean Dec.= 202.2 Mean Inc.= 7.9 A95 = 65
Data = 4 Rvalue = 3903693 kmax = 31.2

>>>>>>>>>EXPECTEID(INC.=-10.0 +/- 10.0)< <<<<< <‘ < <

MEAN DEC.= 202.1 MEAN INC.= -(0.1
NORTH LIMB 14.0 % unfolded SOUTH LIMB  68.0 % unfolded
A95 = 6.5 R value = 3902816 kmax = 309

Khkhkhkdhkhhhhkhhddtrdbihkhd USUAL FOLD TEST e e e e e o e o ok o e e o e e de e e ok ok

NORTH LIMB  32.0 % UNFOLDED SOUTH LIMB  32.0 % UNFOLDED
Mean Dec.= 2025 Mean Inc.= 13.7 A95 = 6.5
Data = 4 Rvalue = 3903390 kmax = 31.1

MCcELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 4.28

k1 (k-parameter for in situ) = 10.2

k2 (k-parameter at 95% limit; = k1L * F) = 43.7
k3 (k-parameter for fully unfolded) = 3.0

Saundersfoot

DEC INC TILT DIR
NORTH LIMB R

200.5 05.9 71.0  018.0

196.2  -24.9 82.0 0i8.0
SOUTH LIMB

210.5 13.7 38.0 180.0

206.9 35.0 47.0  178.0

PLUNGE CORRECTED : amount/dir = 180/ 106.0

NORTH LIMRB
1985 06.9 713 0118
2043 -236 - £1.8 0154
SOUTH LIMB i
205.6 174 36.7 2039
1939 36.3 4.1 1957

Sk kA RARRRRRAAAAR A AR AR hh k MAXIMUM Rhhkkdkkthkhrhh Atk dd

NORTH LIMB  48.0 % UNFOLDED SOUTH LIMB 0.0 % UNFOLDED
Mean Dec.= 2013 Mean Inc.= 27.6 A95 = 6.2
Data = 4 Rvalue = 3913350 kmax = 34.6

>>>>>>>>>EXPECTEI(INC.=-10.0 +/-100)< < < << << <<

MEAN DEC.= 2005 MEAN INC.= -0.3 )
NORTH LIMB. 12.0 % unfolded SOUTH LIMB  70.0 % unfolded
A95 = 63 Rvalue = 3907787 kmax = 325

P

drkhkkkrrrerrrisritttt UGQUAL FOLD TEST **%#dtkhdahhhhhhhhkshhd

NORTH LIMB - 32.0 % UNFOLDED SOUTH LIMB 32.0 % UNFOLDED
Mean Dec.= 200.8 Mean Inc.= 15.0 A95 = 6.2 :
Data = 4 R value = 3911283 kmax = 338

" McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 4.28
k1 (k-parameter for in situ) = 10.2
k2 (k-parameter at 95% limit; = k1 * F

) = 437
k3 (k-parameter for fully unfolded) = 3.0
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APPENDIX C

PROGRAM FOLDCONT
The program calculates the values of k-parameter based on a formula
k= (N-1}[(N-R)

where N = the number of vectors involved in the process
R = the magnitude of the vector resultant

REAL FOLD1(51),FOLD2(51),DEC1(20),XINC1(20),DEC2(20),XINC2(20),
*DIR1(20),DIR2(20), TILT1(20), TILT2(20),W(16000),Z(51,51),
*ZINC(51,51)

INTEGER N1,N2,NW,NTILT

REAL XKREF,FREF1,FREF2,TEMP,FTEST,XKLIMIT

COMMON XIREF,BIREF

CHARACTER*4 HEAD(20),XTTL(3),YTTL(3)

PARAMETER (P =0.95) »

RAD = 180.0/3.141592654

101 FORMAT(20A4)

102 FORMAT(20A4,/)

103 FORMAT(14X,'DEC’,7X,/INC,7X, TILT,6X,'DIR")
104 FORMAT(3A4)

105 FORMAT(11X,4(F7.1,3X))

READ(2,101) (HEAD(I),I = 1,20)

WRITE(3,102) (HEAD(I),] = 1,20)

WRITE(3,103)

READ(2,104) (XTTL(I),1 = 1,3)

WRITE(3,104) (XTTI),1 = 1,3)

READ(2,104) (YTTL(I),I=1,3)

DO 106, =1,20

READ(2,*) DECI(I),XINCI(1), TILT1(1),DIR1(D)

IF(DEC1(1).EQ.-222.0.0R.XINCK(1).EQ.-222.0) GO TO 107 -

WRITE(3,105) DEC 1(I),XINC1(1), TILT1(1),DIR (1)

106 CONTINUE '
107 N1 = I-1 :

WRITE@3,101) (YTTL(),I=1,3

DO 108,J=1,20

READ(2,*,END = 109) DEC2(J),XINC2(J), TILT2(J),DIR2(J)

WRITE(3,105) DEC2(J),XINC2{J), TILT2(J),DIR2(J)

108 CONTINUE
109N2 = J-1

For a plunging fold,
the palacomagnetic directions and the bedding (i.e. the pole)
are plunge-corrected first.

WRITE(1,*) “Enter the PLUNGE and the TREND’

READV(1,*) PLUNGE,TREND
IF(PLUNGE.NE.0.0) THEN
WRITE(3,9990) PLUNGE,TKEND .

9990 FORMAT(/,10X,'PLUNGE CORRECTED : Amount/Dir =",F6.1,"/",F6.1,/)
WRITE(3,104) (XTTL(1),1 = 1,3)
DO 9991,1=1,N1
CALL ROTATE(XINCI(I),DECI(I),TREND,PLUNGE,DECI(I),XINC1(I))
X =90.0-TILTI(D)
IF(DIR1(I).GT.180.0) THEN
Y = DIRI(I)-180.0

ELSE
-Y = DIR1(I)+180.0

ENDIF

CALL ROTATE(PINC,PDEC,TREND,PLUNGE,Y,X)
TILT1(I) = 90.0-PINC

IF(PDEC.GT.180.0) THEN
DIR1(I)=PDEC-180.0

ELSE 4’
DIR1(I)=PDEC + 180.0

ENDIF

—_WRITE(3,105) DEC1(I),XINCI(I), TILTI(D),DIR ()
9991 CONTINUE i

WRITE(3,101) (YTTL(I),1=1,3)
DO 9992,J=1,N2 )

CALL ROTATE(XlNCZ(J),DECZ(J),TREND,PLUNGE,DECZ(J),XINCZ(J))
X = 90.0-TILT2(J) '
IF(DIR2(J).GT.180.0) THEN

Y = DIR2(J)-180.0

ELSE

Y = DIR2(J)+ 180.0

ENDIF

Cl1




CALL ROTATE(PINC,PDEC,TREND,PLUNGE,Y,X)

TILT2(J) = 90.0-PINC

IF(PDEC.GT.180.0) THEN

DIR2(J)=PDEC-180.0

ELSE

DIR2(J)=PDEC + 180.0

ENDIF

WRITE(3,105) DEC2(J),XINC2(J), TILT2(J),DIR2(J)
9992 CONTINUE

ENDIF

Generate the F table by calling the function GOICBF from
the NAG Fortran Library

IFAIL = 0

NTEST = 2 * (N1 +N2)-1)

FTEST = GO1CBF(P,NTEST,NTEST,IFAIL)
FTEST = REAL(INT(FTEST*100.0))/100.0
IF(IFAIL.NE.0) THEN

PRINT*,’Failcd to generate the F table’

STOP

ENDIF

XTEMP=2.0
NTILT =INT(100.0/XTEMP) + 1
XIMAX =0.0
XIMIN=0.0
XKMAX=0.0
XKMIN =0.0
XKREF=0.0
WRITE(1,*) ‘Enter the EXPECTED inclination and its bandwidth”
READ(1,*) XIREF,BIREF
DO ttt, [=1,NTILT
FOLDI(I)=REAL(I-1*XTEMP
DO 110, M=1,NTILT )
FOLD2(M)=REAL(M-1)*XTEMP
CALL MEANS(XINC1,DEC1,TILT1,DIR1,NILFOLDI(I)XINC2,DEC2,TILTZ,
*  DIR2,N2,FOLD2(M),R,DECM,XINCM,A95,TEMP)
Z(1,M)=(REAL(N1+ N2-1)){(REAL(N1 + N2}-R)
XKMAX=AMAXIXKMAX,Z(I,\))
XKMIN = AMIN1(XKMIN,Z(I,M))
IF(TEMP.EQ.1.0) XKREF = AMAX1(XKREF,Z(1,M))
ZINC(I,M)=XINCM
XIMAX=AMAX1(XIMAX,ZINC(I,M))
XIMIN = AMINK(XIMIN,ZINC(1,M))
110 CONTINUE -
111 CONTINUE
ZINST = REAL(INT(Z(1,1)*10.0))/10.0
XKLIMIT = ZINST * FTEST
DO 113,I=1,NTILT
DO 112,J=1,NTILT
IF(Z(1J).EQ.XKMAX) THEN
FMAX1=FOLDI(I)
FMAX2=FOLDX(J)
GO TO 114
ENDIF ]
112 CONTINUE
113 CONTINUE

114 CALL MEANS(XINC1,DEC1,TILT!,DIR1,N1,FMAX1,XINC2,DEC2,TILT2,DIR2,

*N2,FMAX2,R,DECM,XINCM,A95,TEMP)
WRITE(3,115)
115 FORMAT(/,25(*")’ k MAXIMUM ,25("*"))
WRITE(3,116) XTTL,FMAX1,YTTL,FMAX2
116 FORMAT(1X,/,2(3A4,2X,F5.1,1X,"% UNFOLDED’,5X))
WRITE(3,117) DECM,XINCM,A95 .
117 FORMAT(1X, Mean Dec. =,F6.1,3X,/Mean Inc.=*F5.1,3X,’A95 ="F5.1)
WRITEG,118) N1 + N2,R XKMAX
118 FORMAT(1X,Data =/,14,3X,R value =/,F10.6,3X,’k max =*F7.1)
DO 120,1=1,NTILT
DO 119,J = 1,NTILT
IF(Z(1,9).EQ.XKREF) THEN
FREF1 = FOLDI(})
FREF2=FOLD2(J)
CALL MEANS(XINC1,DEC1,TILT1,DIR1,N1,FMAX1,XINC2,DEC2,TILT2,
+  DIR2,N2,FMAX2,R,DECM,XINCM,A95,TEMP) '
IF(ABS(XINCM-XIREF).LT.BIREF) GO TO 121
ENDIF
119 CONTINUE
120 CONTINUE
121 WRITE(3,122) XIREF,BIREF
122 FORMAT(/,17¢ > ")/ EXPECTED',(INC. ="F5.1," + J-,F5.1,'Y,17( <))

C2



WRITE(3,123) DECM,XINCM
123 FORMAT(1X,’Mecan Dec. ="F6.1,3X,’'Mean Inc. = F5.1)
WRITE(3,124) XTTL,FREFLYTTL,FREF2
124 FORMAT(1X,/,2(3A4,2X,F5.1,1X,"% unfolded’,5X))
WRITE(3,125) A95,R,XKREF
125 FORMAT(1X,’A95 ="F5.1,3X,'R value = - F10.6,3X,k max ="F7.1)
ZMAX =0.0
DO 126,1=1,NTILT
FOLD2(1) = Z(LI)
ZMAX = AMAXI(ZMAX,FOLDX(1))
126 CONTINUE
DO 127, =1,NTILT
IF(FOLD2(1).EQ.ZMAX) THEN
FMAX = FOLDIK1)
GO TO 120
ENDIF
127 CONTINUE
128 CALL MEANS(X!NCl,DECl,’I‘lLTl,DIRl,Nl,FMAX,XlNCZ,DECZ,TILTZ,DlRZ,
*N2,FMAX,R,DECM,XINCM,A95,TEMP)
WRITE(3,129)
129 FORMAT(/,25(’*") USUAL FOLD TEST ",25("*"))
WRITE(3,130) XTTL,FMAX,YTTL,FMAX
130 FORMAT(1X,/,2(3A4,2X,F5.1,1X,’% UNFOLDED",5X))
WRITE(3,131) DECM,XINCM,A95
131 FORMAT(1X,’Mean Dec. =",F6.1,3X,/Mean Inc.= * F5.1,3X,’A95 =",F5.1)
WRITE(3,132) N1 + N2,R,ZMAX
132 FORMAT(1X,’Data =",14,3X,'R value =,F10.6,3X,’k max =’F7.1)
WRITE(3,133)
133 FORMAT(/,1X,/McELHINNY TEST (95% CONFIDENCE LIMITY))
WRITE(3,134) FTEST
134 FORMAT(/,1X, Variance ratio (F) =",F7.2)
WRITE(3,135) ZINST
135 FORMAT(1X,’k1 (k-parameter for in situ) =’,F9.2)
WRITE(3,136) XKLIMIT
136 FORMAT(1X,’k2 (k-parameter at 96% limit; = kt * F) =",F7.1)
WRITE(3,137) Z(NTILT,NTILT)
137 FORMAT(1X,k3 (k-parameter for fully unfolded) = ,F7.1)
XLO=0.0
YLO=0.0
XH(=100.0
YHI=100.0
NW=16000

The following is to draw the picture. The GI NO-F graphic package is used.

CALL GINO
CALL SAVDRA
CALL CllAENQ(lTYP,CllA\VlD,CHA[llG,NSlZE,AlTAL,ANG)

The bottor picture.

CALL WINDO02(0.0,150.0,0.0,150.0)
CALL MOVTO2(11.0* CHA WID,150.0-3.0* CHAHIG)
CALL WIDENQ(WIDTH)
CALL LINWID(3.0*WIDTH)
CALL CHASTR(CONTOUR OF k-PARAMETER’)
CALL LINWID(WIDTH)
NCONT=4
XINT = (XKMAX-XKMIN)/REAL(NCONT + 1)
XKMIN = XKMIN + XINT
CALL TITLE(4,7,HEAD)

 CALL LABCON(0,0,60.0,1)
CALL LEVELS(XKMIN,XKMAX)
CALL DRACON(NTILT,XLO,XHLNTILT,YLO,YHLZ,NCONT,1,NW,W)
CALL LINCOL(2)
CALL ADDCON(XKMAX-XKMAX*0.05,1,NW,W)
CALL SETFRA(2)
CALL LABCON(9,1,40.0,0)
CALL LEVELS(XIMIN,XIMAX)
CALL DRACON(NTILT,XLO,XHLNTILT,YLO,YHLZINC,0,0,NW,W)
CALL LINCOL(2)
CALL ADDCON(XIREF-BIREF,0,NW,W)
CALL LINCOL(2)
CALL ADDCON(XIREF,0,NW,W)
CALL LINCOL(2)
CALL ADDCON(XIREF + BIREF,0,NW,W)
CALL MOVTO2(11.0*CHAWID,0.5* CHAHIG)
CALL CHASIZ(CHAWID/1.5,CHAHIG/1.5)
CALL LINCOL(1)
CALL CHASTR( X= ")
CALL CHAARR(XTTL,3,4)
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CALL CHASTR( Y= /)

CALL CHAARR(YTTL,3,4)

CALL CHASTR( (% Unfolding ) %)
CALL CHASIZ(CHAWID/1.3,CHAHIG/1.3)

The top picture.

CALL WINDO02(0.0,150.0,150.0,200.0)
XMIN =11.0*CHAWID
YMIN=150.0 + 3.0*CHAHIG
XMAX = 150.0 - 8.0*CHAWID
YMAX = 200.0 - 3.0*CHAHIG
CALL AXIPOS(1,XMIN,YMIN,XMAX-XMIN,1)
CALL AXIPOS(1,XMIN,YMIN,YMAX-YMIN,2)
CALL AXISCA(1,20,XLO,XHIL,1)
IF(XKLIMIT.GT.XKMAX) THEN
CALL AXISCA(1,5,0.0,XKLIMIT,2)
ELSE
CALL AXISCA(1,5,0.0,XKMAX,2)
ENDIF
CALL AXIDRA(-1,-1,2)
CALL AXIDRA(1,1,1)
CALL LINCOL(2)
CALL GRACUR(FOLDL,FOLD2,NTILT)
CALL GRAMOV(0.0,XKLIMIT)
CALL BROKEN(3)
CALL LINCOL(1)
CALL GRALIN(90.0,XKLIMIT)
CALL CHASTR(’ 95% limit")
CALL MOVTO2(XMIN-3.0*CHAWID,YMIN +(YMAX-YMIN)/4.0)
CALL CHAANG(990.0)
CALL CHASTR(k-parameter’)
CALL CHAANG(0.0)
CALL MOVTO2(XMAX-XMIN)/1.35,YMAX + 2.0*CHAHIG)
CALL CHASTR("% U'\FOLD[;\G')
CALL DEVEND
CALL GINEND
STOP
END

SUBROUTINE MEANS(XI1,D1,T1,DR1,N1,F1,X12,D2,T2,DR2,N2,F2,R,DECM,
*XINCM,A95,TEMP)

This subroutine calculates the mean direction and its alpha-95.

DIMENSION XIt(N1),DI(N1),TI(N1),DR1(N1},XI2(N2),D2(N2),T2(N2),
. *DR2(N2)
COMMON XIREF,BIREF
REAL TEMP
RAD = 180.0/3.141592654
RX1=0.0
RY1=0.0
RZ1=0.0
DO 1000,J = 1,N1
RTILT = F1*T1(J)*0.01
CALL ROTATE(CL,CD,DR1(J),RTILT,D1(J),XI1(J))
X1=COS(CIJRAD)*COS(CD/RAD)
Yi= COS(CI/RAD)*SIN(CD/RAD)
Z1=SIN(CI/RAD)
RX1=RX1+X1
RY1=RY1+Y1
RZ1=RZ1+Z1
1000 CONTINUE
RX2=0.0
RY2=0.0
RZ2=0.0
DO 1001, =1,N2
RTILT = F2*T2(J)*0.01
CALL ROTATE(CLCD,DR2(J),RTILT,D2(J),X12(J))
X2=COS(CI/RAD)*COS(CD/RAD)
Y2 = COS(CI/RAD)*SIN(CD/RAD)
Z2=SIN(CI/RAD)
RX2=RX2+X2
RY2=RY2+Y2
. RZ2=RZ2+Z2
1001 CONTINUE
R=SQRT((RX1+RX2)**2+(RY1+RY2)**2 +(RZ1 + RZ2)**2)
XHAT=(RX1+RX2)/R
YHAT=(RY1+RY2)/R
ZHAT=(RZ1+RZ2)/R
DECM =ATAN2XYHAT,XHAT)*RAD




IF(DECM.LT.0) DECM = DECM + 360.0
XINCM = RAD*ASIN(ZHAT)

A9ST = (1.0/0.5)**(1.0/REAL({(N1+ N2)}-1)}-1.0
A95 = RAD*ACOS(1.0-((REAL(N1+ N2)-R)/R)*A95T)
IF(ABS(XINCM-XIREF).LT.BIREF) THEN
TEMP = 1.0 -

ELSE

TEMP = 0.0

ENDIF

RETURN

END

SUBROUTINE ROTATE(CDIP,CDEC,DIREC, TILT,DEC,DIP)

This subroutine was copied from the program TILT which is available in
the Geophysics’s program Library.

IF (ABS(TILT) .LT. 0.01) THEN

CDIP = DIP

CDEC = DEC

RETURN
ENDIF

RAD = 180.0/3.141592654
COSTLT = COS(TILT/RAD)

SINTLT = SIN(TILT/RAD)
COSDIR = COS(DIREC/RAD)
SINDIR = SIN(DIREC/RAD)

COSDIP = COS(DIP/RAD)

2D = SIN(DIP/RAD) :
XD = COSDIP*COS(DEC/RAD)
YD = COSDIP*SIN(DEC/RAD)

U = XD*(COSDIR**2*(COSTLT-1.0)+1.0) +
A YD*SINDIR*COSDIR*(COSTLT-1.0) +
B  ZD*SINTLT*COSDIR

V = XD*SINDIR*COSDIR*(COSTLT-1.0) +
A  YD*SINDIR**2*(COSTLT-1.0)+1.0) +
B ZD*SINTLT*SINDIR !

W = ZD*COSTLT - XD*SINTLT*COSDIR - YD*SINTLT*SINDIR

CDIP = ATAN(W/SQRT(U*U + V*V))*RAD

CDEC = ATAN2(V, Uy*RAD

IF (CDEC .LT. 0.0) CDEC = CDEC + 360.0

RETURN

END




Table C-1 Resuits from the FOLDCONT program (DUMMY data).

DUMMY DATA

DEC INC TILT DIR

LIMB 1 i i
198.0. -45.0 75.0  000.0
195.0 -39.0 70.6 3500

LIMB 2

178.0 02.0 250 180.0

190.0 00.0 . 400 1900

kkkdkkkdhk bkt krrtrbrs k MAX[MUNI J e e e e ok e o de K e e o e e e ke ke ok de ke ke ok

LIMB 1 62.0 % UNFOLDED LIMB2 0.0 % UNFOLDED
Mean Dec.= 187.5 Mean Inc.=. 0.9 A95 = 29
Data = 4 R value = 3.980446 k max = 1534

>>>>>>>> >EXPECTED{[NC.= 6.0 +/- 30)<c << <<<<<<

MEAN DEC.= 1875 MEAN INC.= 09
LIMB 1 62.0 % unfolded LIMB 2 0.0 % unfolded
A95 = 29 Rvalue = 3980446 kmax = 1534

*hkkxerkxireerrrsrrrrrr USUAL FOLD TEST Akhdkdkkkhkkh b ddhrkihd

LIMB 1 42.0 % UNFOLDED LIMB2 42.0 % UNFOLDED
Mean Dec.= 187.6 Mean Inc.=-13.0 A95 = 33
Data = 4 R value = 3974861 kmax = 1193

MCcELHINNY TEST (95% CONEIDENCE LIMIT)

Variance ratio (F) = 4.28

k1 (k-parameter for in situ) = 9.6

k2 (k-parameter at 95% limit; = k1 * F) = 41}
k3 (k-parameter for fully unfolded) = 5.4

C6



Table C-2 Results from the FOLDCONT program (REAL data).

STEARNS & VAN DER VOO’s data

DEC INC TILT DIR

1-ST LIMB
230.0 29.0 58.0 169.0
214.0 13.0 45.0 161.0
221.0 28.0 55.0  159.0
2-ND LIMB

190.0 -01.0 36.0  095.0
189.0 00.0 200 101.0
174.0 06.0 41.0 098.0

PLUNGE CORRECTED : amount/dir = 40.0/ 121.0

1-ST LIMB
204.5 33.7 39.6 2025
204.8 I8 27.1 2160
199.0 273 313 197.0
2-ND LIMB

195.2 -14.1 16.4  006.9
1938 -139 22.1 319.1
1775 -17.7 149  026.0

o s o sk d I ok e 3k ok o o o ok ok ok ok ok e o k I\/IAxll\lUN/l e e Je Je Je de & de o e Je sk de e de ke I ok ok ke e X

1-ST LIMB 100.0 % UNFOLDED 2-ND LIMB 48.0 % UNFOLDED
Mean Dec.= 195.6 Mean Inc.= -85 A95 = 3.7
Data = 6 R value = 5917854 kmax = 60.9

>>>>>>>> >EXPECTED(INC,= 5.0 +/- 5,(})< <K< K<< <K<K <

MEAN DEC.= 195.6 MEAN INC.= -85
1-ST LIMB 100.0 % unfolded ° 2-ND LIMB 48.0 % unfolded
A95 = 3.7 Rvalue = 5917854: kmax = 60.9

dkhkkk ke kkkhtdddhid USUAL FOLD TEST s e dde A de e o o e kg ok e ok ok ok K e o o ok

1-ST LIMB 86.0 % UNFOLDED 2-ND LIMB 86.0 % UNFOLDED
Mean Dec.= 195.5 Mean Inc.= -3.4 A95 = 38
Data = 6 R value = 5.913939 kmax = 58.1

McELHINNY TEST (95% CONFIDENCE LIMIT)

Variance ratio (F) = 2.97

ki (k-parameter for in situ) = 10.8

k2 (k-parameter at 95% limit; = kt * F) = 32.1
k3 (k-parameter for fully unfolded) = 52.8




