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Abstract

The Circum Troodos Sedimentary Succession (Late Cretaceous to Recent)
overlies the Troodos ophiolite of Cyprus, located in the Eastern Mediterranean.
The patten of neo-tectonic deformation was investigated through magnetic analysis
of the tectonic petrofabrics. Anisotropy of magnetic susceptibility (AMS), anisotropy
of anhysteretic remanence magnetization (AARM) and hysteresis loop parameters
were determined in order to define the magnetic fabric and the magnetic

mineralogy.

The study area extends over approximately 1000 km? mainly to the south of
the exposed Troodos ophiolite. The sample suite includes 432 oriented hand

samples, predominantly of the Lefkara and Pakhna Formations

Field measurements indicate bedding predominantly dips less than 10° to
the south, while stylolitic cleavage dips steeper than bedding in various directions.
The bedding-cleavage relationship yields variable vergence directions suggesting
gravity sliding of the sediments towards local sedimentary basins. Southwest of the
Limassol Forest Block axial planar cleavage consistently defines a SW vergence
with respect to bedding due to a locally different, Early to Middle Miocene
compression along NNE to NE - SSW to SW azimuth.

Hysteresis loop analysis show that pseudo-single domain magnetite is the
ferromagnetic contributor. Furthermore, in 71% of the samples, the ferromagnetic
contribution provided more than 50% of the total susceptibility. Thus, the
petrofabrics of traces of magnetite largely control the magnetic fabrics.

The AMS fabric, in part tectonic, is controlled by the preferred
crystallographic orientation of diamagnetic calcite and paramagnetic clay minerals,



as well as magnetite. Orientation directions of the principal axes relative to bedding

and cleavage indicate incomplete overprinting of the primary sedimentary fabric in
many cases, AMS foliation preferentially dips shallowly to the east and west. AMS
lineation varies regionally, from west to east across the study area, from a NNE to
NNW trends, respectively. The tectonic AMS fabric registers either a late Miocene
supra-subduction extension regime due to southward migration of the reactivation
Cyprean Arc or due to Pleistocene gravity sliding due to uplift of the Troodos

Ophiolite Complex.

The AARM fabric is controlled exclusively by the preferred dimensional
orientation of pseudo single domain magnetite. Excluding the area in proximity to
the Limassol Forest Block, the AARM fabric orientations are regionally consistent.
AARM foliation planes dip ~45° to the NW and AARM lineation is directed NE and
SW, almost orthogonal to AMS lineation. In some cases, in proximity to the
Limassol Forest, the AARM lineation results from the combined magnetic fabrics,
parallel to cleavage and bedding and is parallel to the bedding-cleavage
intersection lineation. The actual extension direction is to the WNW, represented
by the AARM,, principal axes. Southwest of the Limassol Forest Block the AARM
fabric registers the Early to Middle Miocene SW- NE compression, and its tectonic
expression is conventional, with AARM,,, oriented NW and SE, perpendicular to

the maximum compression direction
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Chapter 1 - Tectonic Evolution of Cyprus

Located in the eastern Mediterranean Sea, the island of Cyprus contains
three tectonic terrains: the Kyrenia Terrain, the Mamonia Terrain and the Troodos
Terrain (Figure 1-1). The purpose of this chapter is to outline chronologically the
events which amalgamated these three Terrains to form the present geological
configuration of Cyprus. Tectonic events which would contribute to the evolution

of Cyprus began during the Permian.

1.1 Permian

The palaesogeography during the Permian places Gondwanaland to the
South and Laurasia to the north separated by the Paleo-Tethys Sea (Figure 1-2).
Shallow water limestones that accumulated on the northward dipping continental
shelf of Gondwanaland are presently exposed in the eastern parts of the Kyrenia
Terrains. These limestones form part of the Kantara Formation and represent the
oldest rocks in Cyprus (Roberston and Woodcock, 1886). The transition from the
Permian to the Triassic was marked by the breaking up of the northern margin of
Gondwanaland driven by continental rifting and the opening of Neo-Tethys

(Robertson, 1990).

1.2 Triassic

Continental rifting of Gondwanaland's northern margin produced a multitude



| Kyrenia Terrain

B Mamonia Terrain
B Troodos Terrain

sedimentary Cover
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Figure 1-1  Spatial distribution of the tectonic terrains of Cyprus. (Government of Cyprus, Ministry of Agriculture, N
Natural Resources and Environment, 1995)




Figure 1-2 Proposed paleogeographic reconstruction of the North American,
Europian and African continents for the Permian - Triassic transition period.
Numerous microcontinents were present due to rifting, only a few are labelled here.
Tethys 1 in the diagram is equivalent to Paleo-Tethys mentioned in the text (from
Dewey ef al., 1973).

of microcontinents separating the Paleo- and Neo- Tethys Seas. It is suggested
that the Mamonia Terrain originated as a microcontinental margin. Whether the
Kyrenia Terrain formed as a microcontinent or formed an independent platform is
still unknown (Robertson, 1990). Today, these microcontinents are predominantly
scattered along the northern coast of the Mediterranean Sea. Evidence of Triassic
continental rifting is seen within the lithology of the Mamonia Terrain.

The Mamonia Terrain comprises two rock groups. The sedimentary, Ayios
Photios Group, documents the early stages of deposition within the continental rift,

occurring in fault-bounded grabens. The volcanic, Dhiarizos Group, records the




Figure 1-3  Block diagram of the Mamonia Terrain developing as a continental rift - smali ocean basin IS
during the Late Triassic. Metamorphic terrain in the diagram may represent a microcontinent '
which rifted from the northem margin of Gondwanaland (from Roberison, 1880).




-5-

volcanism related to the continental rifting initiated during the Late Triassic
(Robertson and Woodcock, 1979). Figure 1-3 reconstructs the relationship of the
two rock groups of the Mamonia Terrain within a continental rift system.
Allochthonous material within the Ayios Photios sediments implies that
sedimentation occurred on a margin near one of the detached microcontinents
(represented by the metamorphic terrain in Figure 1-3) (Robertson, 1990).

The Neo-Tethys Sea continued to open throughout the Jurassic and Early
Cretaceous. The African plate moved eastward in relation to the Eurasian plate
and promoted spreading and strike-slip motion within the Neo-Tethyan Sea (Figure
1-4a). During the Middle Cretaceous ( after 119Ma ) plate motion changed and the
African plate veered northward in relation to the Eurasian plate (Livermore and
Smith, 1984) (Figure 1-4b). The change in plate tectonics initiated subduction,

perhaps along existing strike-slip faults.

1.3  Late Cretaceous
1.3.1 Troodos Terrain

The converging plate setting initiated subduction within the Neo-tethyan Sea.
The favoured model for genesis of the Troodos ophiolite supports supra-subduction
zone spreading (Pierce ef al,, 1984; Moores ef al., 1984; Clube and Robertson,
1986; Gass, 1990, Murton, 1990, Robertson, 1990). Miyashiro (1973) prefers an
island setting for the Troodos ophiolite genesis model based on geochemical data.

However, the well developed sheeted dike complex, that overlies the harzburgite




EARLY CRETACEOUS

LATE CRETACEOUS

Figure 14

Proposed paleogeographic reconstruction of (a) the Early Cretaceous and (b) the
Late Cretaceous. In (a), Africa and Eurasia are slipping by one another promoting
strike-slip and spreading motion within the Neo-Tethys sea. In (b), Africa and
Eurasia are converging promoting subduction within the Neo-Tethys sea. Arrows
indicate the motion of Africa in relation to Eurasia. Key to abbreviations: A =
Apelia, A-T = Anatolide-Tauride platform, C = Camics, Ib = Iberia, Ir = lran, M =
Moesia, R = Rhodope, S-K = Sakarya-Kirsehir blocks (from Dilek ef al., 1980).



Figure 15 Suggested teclonic setting for the genesis of the Troodos ophiolite above an intra-
oceanic subduction zone during the Late Cretaceous (from Robertson, 1990,
spreading fabric based on Allerion and Vine, 1987).

core of Troodos, presents compelling evidence for a spreading component to the

model (Robinson ef al., 1983).

Initially, subduction consumed small portions of young Cretaceous crust.
Denser Triassic crust entering the trench caused the hinge of the subduction zone
to migrate backward (i.e., oceanward or southward)(Robertson, 1980). The
backward migration of the subduction zone hinge line increased the size of the
mantle wedge above the subducting plate. Decompressing, melting and upwelling
of the asthenosphere produced the spreading fabric observed throughout the
Troodos ophiolite (Robertson, 1990) (Figure 1-5). Allerton and Vine (1987) defined
a spreading fabric from a paleomagnetic survey of the Solea graben, in which the
restoration of both dike samples to vertical and primary remanent magnetization to

a derived structurally corrected remanent magnetization direction. Results




B

indicated that dike rotations were consistent with the structure developing through
an axial process.

The ophiolite sequence, composed of harzburgite and diorite upper mantle
rocks, overlain by gabbro, sheeted dyke complex and pillow lavas sequence, began
to form 90-92 Ma ago and presently occupies about 2/3 of the island of Cyprus
(Bloome and Irwin, 1985; Staudigel et al., 1986). The tectonic setting of a supra-
subduction zone is the most widely accepted view for the formation of the Troodos
ophiolite. The Troodos Terrain preserved relicts of the spreading axis as well as
the transform fault. The Arakapas fault zone, which runs E-W, represents the
remnant of a transform fault. The Solea Graben, oriented N-S and located north of
Mt. Troodos, is thought to have been the spreading axis which contributed primarily
to the formation of the Troodos ophiolite (Allerton and Vine, 1991). Younger crust
formed along the Larnaca Graben, east of the Solea Graben, following an eastward
jump of the ridge axis. The ridge migrated east after spreading ceased along the
Solea Graben and the Arakapas transform fault became inactive. However, to
accommodate spreading of the Lanarca Graben, a new transform fault, with a
slightly more northerly orientation, extended at the eastern end of the Arakapas
fault zone (Figure 1-6) (Allerton and Vine, 1991).

1.3.2 Microplate Rotation

The most significant tectonic activity during the Late Cretaceous, is the

initiation of microplate rotation. Figure 1-7 illustrates the tectonic setting of the

Troodos microplate and the surrounding Arabian, African and Turkish plates in
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Figure 16 Spreading ridge axis and transform fault setting during the formation of the
Troodos ophiolite. A: lllustrates the intersection between the dextrally
moving Arakapas transform fault and the spreading axis labelled neo-
volcanic zone. B: Spreading ceased and the Solea Graben is formed in
the final stages of amagmatic spreading. A new dexirally moving
transform fault accommodates spreading along a new spreading axis where
young crustal material fooms. C: Final stage of amagmatic spreading

forms the Lamaca Graben (from Allerton and Vine, 1981).

geographical position of A and B can be seen in C. In C, the outline shows

the whole of the Troodos Ophilolite terrain.
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order to understand how the rotation began.

The African plate migrated northward. The Arabian plate or promontory, to
the east, then collided with the east-west striking subduction zone and spreading
centre that produced new ocean floor. The initial collision obducted some ocean
floor onto the Arabian plate. The Hatay and Baer-Bassit ophiolites, exposed in
southern Turkey and northern Syria respectively, provide evidence of obduction.
Furthermore, the Hatay and Baer-Bassit ophiolite (pre-Upper Campanian) are of
similar age to the Troodos ophiolite (Santonian to Maastrichtian; Robertson, 1990;
Blome and Irwin, 1985). Continuous northward motion of the African and Arabian
plates initiated an anticlockwise rotation of the microplate around a pivot point.
Stable magnetization vectors with a uniform westerly azimuth retained for the
Troodos ophiolite, the Arakapas transform fault, and the anti-Troodos plate
(Limassol forest) indicate these areas were all within the boundaries of the rotating
microplate. Similar preliminary analysis of rock samples from the Mamonia Terrain
indicates that it was not within the boundaries of the rotating microplate and
consequently suffered a different tectonic history (Clube and Robertson, 1986). It
is also suggested that the collision and onset of rotation halted the spreading above
the subduction zone (Robertson, 1990).

Palaesomagnetic studies provide the best evidence for microplate rotation.
The stable characteristic part of the natural remanent magnetism (NRM) vector was
isolated through thermal demagnetization and subsequent principal component

analysis (PCA) of samples from various stratigraphic layers of the Troodos terrain.



A=
These clearly illustrate the rotation. The present magnetic earth field (PEF) for
Cyprus has a declination and inclination of 3° and 51° (calculated with the

computer program Definitive International Geomagnetic Reference Field v. 1.4).

Figure 1-7 Tectonic setting for the initiation of microplate
rotation during the Late Cretaceous. Key to
abbreviations: Af = Africa, An = Antalya, Ar =
Arabia, AFZ = Arakapas Fault Zone, E =
Erastothenes Seamount, H-BB = Hatay and Baer-
Bassit ophiolite, Ky = Kyrenia, L = Levant, M =
Mamonia (from Robertson, 1990).

The oldest stratigraphic layer within the Troodos Terrain is the Troodos
pillow lava sequence. Thermal demagnetization of the lavas isolated stable NRM
vectors with declinations of 274°. The Umber Formation, interbedded with the
Troodos lavas has a stable NRM vector declination of 279°. Radiolarites of the

Perapedhi Formation (83-73 Ma) overlying Troodos lavas and umbers have a stable




~412-

<«— Present Earth's Field (PEF)

Radiolarites
Fomnation

ES-!SM‘J

Umbers (intemmied

with Troodos Lowas)

L

Figure 1-8 Schematic diagram presenting the paleomagnetic data of
Clube and Robertson (1986). Plotting the declinations of
stable remanent magnetic vectors illustrates the 90 degree
anticlockwise rotation, where 60 degrees of the rotation
occurred prior to the end of the Late Cretaceous.

NRM vector with a declination of 289°. The Late Cretaceous pelagic chalks of the
Lefkara Formation (73-65 Ma) have stable NRM vector declination of 336°
(paleomagnetic data: Clube and Robertson, 1986). Therefore, by the end the
Cretaceous, The Troodos microplate had already undergone a 60 degrees
anticlockwise rotation (Figure 1-8).

An additional 20 degrees of anticlockwise rotation occurred during the early
Tertiary. Pelagic chalks of the Middle Lefkara Formation of Paleocene age (65-55
Ma) have stable NRM vectors with declinations of 357° (Clube and Robertson,
1986). Overall, between the Late Cretaceous and the Early Eocene, only some 25
Ma, the Troodos microplate underwent a 90 degree anticlockwise rotation to its

present day geographical position (Figure 1-8).
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14 Paleocene

Besides plate rotation, the Paleocene marks the period where the Mamonia
and the Troodos Terrains reached their final amalgamation. Suturing is evident
from the undeformed Lefkara Formation which overlies and unites both terrains
(Robertson and Woodcock, 1979). Both the Mamonia and Troodos Terrains were
then submerged. However, there is evidence of shallowing of the seas along the
northern margins of the Troodos terrain from the presence of ferruginous and
stratigraphically condensed chalks that are also often bioturbated (Robertson,

1977).

1.5 Eocene

The beginning of the Eocene period marks the end of the microplate rotation.
Tectonic activity to the north (along the Eurasian plate southern margin) sends a
compressional front southward. The Anatolian microcontinent, which also detached
itself from the northern margin of Gondwanaland during the Triassic and migrated
north, finally reaches the Eurasian plate. The collision closes up the ocean basin
and raises the Kyrenia range in northern Cyprus. A compressional front migrates
backward and thrusting the uplifted Kyrenia range southward, closer to the Troodos

and Mamonia Terrains (Robertson and Woodcock, 1986).

1.6 Oligocene - Miocene

Closure of the oceanic basin, during the Eocene, and continued northward
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motion of the African plate caused northward underthrusting, which possibly

reactivated zones of weakness. Possibilities include the relict Cretaceous

subduction zone or the microplate boundary faults or both (Robertson, 1980).

Whether or not an existing zone of weakness was reactivated, underthrusting
occurred in approximately the same geographical area as the present Cyprean Arc.
Underthrusting was never extensive, (<500 km) because of the slow movement of
the African plate. In turn, major arc volcanism did not occur. Furthermore,
underthrusting uplifted the Troodos and the Mamonia Terrains to form shallow seas
and lagoonal environments. To the north of Troodos underthrusting caused the
Kyrenia range to subside (Robertson, 1990). The Arakapas fracture zone, located
south of Troodos, opened and thrusted southward producing the Yeresa fold and
thrust belt (Robertson, 1977).

The Mid to Late Miocene period is marked by extensional growth faulting
particularly to the north and northwest of Troodos (Follows and Robertson, 1990).
The Polis graben, in the northwestern area of Cyprus resulted from extensional
faulting. Before the end of the Miocene period sudden uplift raised most of Cyprus

above sea level (Robertson, 1977).

1.7 Pliocene
During the Pliocene, a more localized uplift of Troodos subsided the
surrounding areas (McCallum and Robertson, 1990). The overall tectonic regime

from the Pliocene period to the present is extensional in nature. The extension
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direction ranges from NNW-SSE to NNE-SSW (Lapierre ef al., 1988). North of
Troodos normal faulting produced half-grabens, such as the Ovgos fault, resulted
from the extensional tectonic regime. Following the faulting, the Ovgos graben
filled with 700 m of ophiolite derived clastics. The Kyrenia range north of the Ovgos

fault remains a low landmass during the Pliocene (Robertson, 1990).

1.8 Pleistocene

The Pleistocene hosted the last drastic uplift. For the first time, all three
tectonic terrains were uplifted as one unit. Even though the uplift was regional,
extending some 250 km offshore eastward, the Mount Olympus area was uplifted
more dramatically than anywhere else. This localized uplift is evident by the radial
pattern of alluvial fans around Mount Troodos (Robertson, 1990).

The mechanism which could produce such a drastic localized uplift is still
debated. A popular model suggests underthrusting of a microcontinent or
seamount accompanied by serpentinite diapirism and upward movement of other
fluids emanating from the downgoing slab. Underthrusting would also have
reactivated the Troodos-Kyrenia boundary resulting in compression and uplift of the

Kyrenia range to its present elevation (Robertson, 1990).

19 Recent
Presently the plate tectonic configuration around Cyprus has the Cyprean

Arcrunning in an approximately east-west direction south of Cyprus. The Cyprean
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Figure 1-9 Fresent plate tecionic configuration of the eastem Mediterranean and the

surrounding areas. Bold arrows show the direction of plate motion and more
specifically the anticlockwise rotation of the Anatolian Block (Rotsein, 1984).

Arc extends into the Hellenic Arc to the west the and to the east it intersects the

Dead Sea Fault, which extends into the Bitlis zone (Rotsein, 1984) (Figure 1-9).

South and southwest of the island there is a segment of the Cyprean Arc called the

Giermann fault. This segment also represents the actual plate boundary between

the African and Turkish plates and is tectonically and seismically active. Along the

Giermann fault, subduction is the mode of convergence and its polarity is

northward.

Eratosthene seamount.

Just south of Cyprus, the Giermann fault is interrupted by the

The tectonic setting of the Cyprean arc east of the

Eratosthene seamount is unclear. Because of continued northward migration of the
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African plate, it is suggested that the Eratosthene seamount may collide with

Cyprus in the future (Kempler and Ben-Avraham, 1987).

1.10 Future Tectonics

The presence of the Eratosthene seamount signifies future tectonic instability
for the Eastern Mediterranean. Figure 1-10 illustrates two possible scenarios. In
(a), collision of the Eratosthene seamount with Cyprus terminates the northward
subduction and initiates a southward subduction where the Levant platform would
override (thrust over) the area north of it. The second scenario (b) again results in
a reversal of polarity of the subduction zone. However, subduction in this case
would be initiated along the North African passive continental margin and the
oceanic Levant platform would be subducted beneath Africa (Kempler and Ben-
Avraham, 1987).

On a larger scale, north of Cyprus there is located a tectonic block called the
Anatolian Block. Similarly to the microplate rotation of the Late Cretaceous, the
Anatolian block is presently undergoing anticlockwise rotation and will continue into
the future (Figure 1-9). The northward motion of the Arabian plate (to the southeast
of the block) and the dextral movement of the Anatolian fault (to the north of the
block) are the driving tectonic mechanism of the block rotation (Rotsein, 1984).
Therefore as long as these settings exist, anticlockwise rotation of the Anatolian

Block, and consequently of Cyprus, should continue.
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Figure 1-10

lllustration of possible scenarios for the future tectonics
affecting Cyprus. In (a) the collision of the Eratosthene
seamount with Cyprus causes the Levant Platform to
override the area north of it. In (b) the collision of the
Eratosthene seamount with Cyprus reactivates the North
African passive continental margin with subduction of the
Levant Platform under Africa (from Ben-Avraham and Nur,
19886).
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Chapter 2- Review of petrofabrics and their relationship to
strain and tectonic kinematics

The purpose of this chapter is to briefly outline the various types of
petrofabrics that may be encountered in the field or in the laboratory, and how these
fabrics can be related to the three principal directions of strain. Unfortunately, there
are limitations to conventional petrofabric analysis when the purpose of the
research is strain analysis. If either the outcrop, hand specimen or thin section
does not exhibit observable strain markers, strain analysis is not possible.
Therefore, areas suitable for strain studies would be dictated by the availability of
markers such as fossils, pillows, pillow selvages, pebbles, sand dikes etc..
Moreover, very weakly strained rocks cannot be analysed. The second part of this
chapter will review magnetic fabrics. Because magnetic susceptibility is a universal
property of rocks, magnetic anisotropy can reveal strain directions in regions where
conventional petrofabric analysis cannot. Furthermore, conventional strain markers
are not needed, although many comparisons of strain markers and magnetic fabrics
have been made in the field (Rathore, 1980; Borradaile, 1981; Kligfield et al., 1981,
1982; Borradaile and Mothersill, 1984, Hirt et al., 1988; Cogné and Perroud, 1988)

and in the laboratory (Borradaile and Alford, 1987; Borradaile and Henry, 1997).

21 Petrofabrics

The term petrofabric was first introduced by Knopf and Ingerson (1938) to
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define the megascopic and microscopic study of rock fabric as a whole in its
relation to the genesis of the rock. Consequently, petrofabric analysis is carried out
both in the field (megascopic) and the laboratory (microscopic). A fabric includes
structures, textures and preferred orientations and, more generally, preferred
orientation distributions of mineral lattices or grain shapes. These can control the
pattern of the external shape of the rock, for example its ability to split along the
schistosity or pencil-cleavage lineations, as well as the pattern of the internal
elements. At the grain level it describes the precise crystal space lattice orientation
distribution. Where a fabric is repeated at a given scale, a pattern is produced. If
the feature is only observed once, it does not contribute to the fabric (i.e. non-
penetrative) (Hobbs ef al., 1976). If the feature is observed repeatedly it is called
penetrative and constitutes a fabric. The scale at which one makes the
observation will also dictate whether or not a fabric is observed. Obviously,
features contributing to a fabric at the scale of an outcrop can be broadly distributed

resulting in a pattermn which would not be observed at the scale of a hand specimen.

Similarly the penetrative and homogeneous appearance of a slaty cleavage in a

hand specimen disappears at the scale of the Scanning Electron Microscope (SEM)
observation.

In order to correctly interpret petrofabrics, we should distinguish between
primary and secondary fabrics. Interpretations of primary fabrics will generally give
some insight on rock genesis, whereas secondary fabrics can in some cases be

related to applied strains to a rock during deformation. Primary fabrics may be
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exhibited in sedimentary rocks as bedding, in igneous rocks as gravitational
banding and in metamorphic rocks as lithological layering. The focus of this
chapter will be on the development of secondary or tectonic fabrics produced by a
long sirain history or short pulse of stress. Later in the chapter, conventional
petrofabrics and their relation to strain and tectonic kinematics will be discussed.
2.1.1 Crystal Defects

At the smallest scale, fabric development is controlled in part by crystal
defects. Within a crystal, the defects can be dimensionless, linear or planar.
Dimensionless or point defects include missing atoms or vacancies, interstitial
atoms, and clusters of atoms (Hobbs ef al., 1976). Point defects contribute to the
development of a fabric by significantly decreasing the mechanical strength of the
mineral (Griggs, 1967) and greatly increasing the ease by which the mineral may
dynamically recrystallize, especially in silicates (Hobbs, 1968).

Linear defects or dislocations are of greater interest because these defects
have a great influence on how a crystal will behave mechanically. Dislocations
represent linear regions that have been elastically distorted. An elastic distortion
involves an associated strain energy. As more dislocations occur within a crystal,
the total free energy of the crystal increases. This, in turn, increases the amount
of energy required for a dislocation to continue propagating itself. The difficulty of
movement is responsible for the concept of strain hardening. At high temperatures
or slow strain rates (typical upper crustal geological deformation at greenschist

facies), the rate of solid-state diffusion can keep pace with the dislocation.
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Therefore the dislocation line does not have to be constrained itself to one slip
plane. A dislocation line can climb to the next dislocation plane causing the
removal of an extra half plane of atoms. The result of a dislocation climb on the
crystal is an extension or a shortening normal (perpendicular) to the extra half plane

of the dislocation (Nicolas and Poirier, 1976). The working out of dislocations to the

edge of crystals, is an important mechanism of their change in shape. New

dislocations under plastic deformation are bred by Frank-Read Sources (Nicolas
and Poirier, 1976).

Types of two-dimensional defects include stacking faults, dislocation walls,
grain boundaries and interfaces (Nicolas and Poirier, 1976). All these involve a
relative displacement of crystal lattice across a given plane.
2.1.2 Preferred Crystallographic Orientation

Preferred crystallographic orientation (p.c.0.) may develop a fabric by means
of two mechanisms. These mechanisms depend principally on the temperature or
strain rate of deformation. At low temperatures or high strain rate, dynamic
recrystallization is difficult, therefore p.c.o0. may develop due to rotation of inequant
grains or slippage within grains causing grain rotation, or particulate flow due to
intergranular motion (Borradaile, 1981). Under high temperature or low strain rate
conditions, where recrystallization is easier, the recrystallization process will be
associated with the development of p.c.o. (Hobbs et al., 1976).
2.1.2a P.C.0. BY SLIP AND ROTATION

The development of a preferred orientation where crystallographic slip is the




Figure 2-1 The development of a preferred crystallographic orientation by slip ona
crystallographic plane BD and consequent rotation of a lattice. See text for
explanation. (Modified from Hobbs ef al., 1976)

only active mechanism is illustrated in Figure 2-1. The hypothetical isoclated grain
is being shortened homogeneously parallel to the A direction and contains only one
slippage plane parallel to the diagonal BD. Given that slip is the only mechanism
of deformation, the distance between BD or any grain dimension parallel to the slip
direction will remain constant during deformation. Furthermore, a projection normal
to the slip plane will remain normal throughout deformation. Increasing degrees of
deformation will rotate the projection normal to the slip plane towards the shortening
direction. We can transpose the concept of Figure 2-1 onto a quartz crystal, where
the plane BD represents the basal slip plane of a quartz crystal and the normal, the
crystal c-axis. This explains the common observation that quartz c-axes are sub-
perpendicular to grain shape shistosity.

Realistically, grains within a rock are not isolated. Therefore, in order for
ductile behaviour to occur, the grain boundaries must remain in constant contact
or the rock will fail in a brittle manner (Hobbs et al., 1976), or suffer interparticle slip

by particulate flow (Borradaile, 1981). The von Mises condition states that if five
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independent slip systems operate within each grain, the rock may continuously
strain homogeneously, maintaining grain contact instead of behaving in a brittle
manner, or disaggregating. Two slip systems are said to be independent if the
shape change produced by shear along one system cannot be produced by shear
along the other. The reader is referred to Patterson (1969) for a detailed discussion
of the von Mises condition. Unfortunately, few major rock forming silicates do not
satisfy the Von Mises criterion (Nicolas and Poirier, 1976).

At higher temperatures cross slip of screw dislocations, thermally activated
climb of edge dislocations (discussed earlier in section 2.1.1) and diffusion may
contribute to the development of preferred orientations. Under these conditions the
requirement of five independent slip system is modified by a decrease in the
number of independent systems needed (Groves and Kelly, 1969). More generally,
the “grain boundary sliding” can be controlled or uncontrolled by rate-determining
crystal-deformation processes (Borradaile, 1979)(Figure 2-2).

Through fabric simulation studies, it has become evident that useful
information can be obtained from plotting the orientation of the crystallographic
axes on a stereographic projection. Different distribution patterns on a
stereographic projection can distinguish between types of strain history
(progressive shortening, extension, plane strain), identify whether strain was coaxial
or noncoaxial, evaluate the amount of strain and assess the physical conditions of
deformation. The interpretation of p.c.o. within the framework of strain will be

further discussed later in this chapter.
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Figure 2-2 Tentative three dimensional deformation mechanism map for a monomineralic
rock. The type of deformation mechanism a given mineral will undergo can be
related to the differential stress (o) and temperature (T) (rear wall of the diagram).
The additional axis of pore fluid pressure (P) accounts for the behavior of an
aggregate of grains (i.e. whether grain boundary sliding is dependent, controlled or
independent) (from Borradaile, 1878).

2.1.28 P.C.0. BY RECRYSTALLIZATION

Preferred crystallographic orientation produced by dynamic recrystallization
is a common process during deformation, as well as during other situations such
as stress conftrolled nucleation during metamorphism and diagenesis. Hobbs ef al.
(1976) suggested that recrystallization involved nucleation of relatively strain free
grains and the subsequent growth of some or all of the nuclei to form an aggregate
of crystals with a preferred orientation. However, theoretical studies show that the
mechanism of nucleation is extremely unlikely to occur (Cahn, 1970; Gottstein and
Mecking, 1985) unless a chemical driving force is involved (Etheridge and Hobbs,

1974, Hay and Evans, 1987). Other than nucleation, there are a wide range of
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mechanisms associated with recrystallization. These mechanism can be related to
two processes: grain boundary migration and formation of new grain boundary. The
two processes define three major types of mechanisms, which can be subsequently
subdivided into three types of recrystallization mechanisms: rotation, migration,
and a general recrystallization mechanism which combines both rotation and
migration. The subdivision of the types of mechanism characterizes whether the
transformation is continuous or discontinuous (Drury and Urai, 1990).

The process of grain boundary migration involves the transfer of material
across the boundary and only occurs when diffusion rates are significant. Coble
creep and Nabarro-Herring creep are mechanisms of diffusion occurring along grain
boundaries at high temperatures (T, = ~0.6, Burton (1977) as reported by
McClay, 1977) and along lattices a slightly higher temperature (T, = ~0.9,
McClay, 1977) , respectively. At lower temperatures, the transport of matter along
grain boundaries in a liquid film describes the process of pressure solution, which
can be treated similarly to Coble creep (Poirier, 1985). Pressure solution will be
discussed in greater details in a later section.

The driving force of grain boundary migration can be to reduce stored energy
(energy associated with dislocations, point defects...), or chemical free energy (Urai
et al, 1986). The formation of new grain boundaries can occur either by
progressive misorientation of a stationary subgrain boundary or by migration of a
subgrain boundary through an area of cumulative lattice rotation (Drury and Urai,

1990). The mechanism types are further subdivided when the degree of continuum
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of the process involved is assessed with respect to time during static
recrystallization and strain during dynamic recrystallization.

The mechanism of rotation recrystallization primarily involves the processes

of formation of new high angle grain boundary by either rotation of subgrains or by

sub-boundary migration (Drury and Urai, 1990). Rotational recrystallization

requires heterogeneous deformation. As previously discussed, heterogeneous
strain at a grain-scale level can be related to the failure to satisfy the von Mises
criterion (i.e. not enough slip systems).

The principal process in migration recrystallization mechanisms is grain
boundary migration. Under low normalized stress or high temperature, the
migration recrystallization is continuous and no new grain or new grain boundary
develop (Drury and Urai, 1990). Discontinuous grain boundary migration has been
observed. However, in all cases it is associated with the process of formation of
new grain boundaries. Consequently the combination of both processes represents
the third type of recrystallization mechanism. General recrystallization mechanisms
combine both grain boundary migration and new grain boundary formation
processes for the transformation of microstructures. Numerous different
combinations of these two processes, combined with the two first mechanisms, are
possible. The variability increases when adding continual and discontinual
possibilities of the processes.

Drury and Urai (1990) recommend a systematic three step procedure in

order to specifically describe the recrystallization mechanism contributing to the
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development of the preferred crystallographic orientation. The three steps are as

follows:
1- How do the processes of grain boundary migration and new grain
boundary formation combine to transform microstructures?
2- If the transformation involves new grain development, is it continuous or
discontinuous?
3- If the transformation involves grain boundary migration, is it continuous
or discontinuous, and what is the physical state of the boundary (i.e.
presence of fluid-film assisting migration)?
21.2c PRESSURE SOLUTION
Pressure solution is a process derived from the rock deformation mechanism
of diffusive mass transfer, which involves shape changes of individual grains by
grain boundary diffusion assisted by the presence of a fluid film at the grain
boundaries (Rutter, 1976). Rutter (1976) further described pressure solution as the
summation of three basic processes:
1- transfer of material from the solid phase into a solution presumably
forming the intergranular fluid film;
diffusive mass transfer through the stressed grain boundary region in
response to a chemical potential gradient;
Precipitation in intergranular void space, or removal from the system
altogether.

The area of dissolution along the grain boundary will be normal to the maximum
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compressive stress or the minimum tensile stress; whereas the precipitation or zone
of crystal growth, if the transported material stays with the system, will be located
along the grain boundary normal to the minimum compressive stress or the

maximum tensile stress.
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Figure 2-3 Deformation mechanism plot, for pressure solution, Coble creep
and Nabarro-Herring creep, of strain rates against grain size for the
minerals quartz (left plot) and calcile (right plot) (from
McClay,(1977) where the data is from Rutter (1976)).

Coble creep and Nabarro-Herring creep, as introduced in the previous
section are the result of high temperature deformation due to diffusive mass transfer
processes. Figure 2-3 relates the three deformation processes of pressure
solution, Coble creep and Nabarro-Herring creep to strain rates and grain size for
the minerals quartz and calcite at temperatures of 200°C and 350°C and a
pressure of 100 bars. Geologically significant strain rates able to produce natural

ductile structures ranges between 10 and 10" sec” (Price, 1975). It is clearly
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demonstrated that pressure solution under low temperature deformation condition

is the dominating deformational process, more so in quartz than calcite, where

Coble creep at temperatures of 350°C (lower limit of greenschist facies

metamorphism) may occur at similar strain rates and in rocks of similar grain size.

The low strain rates required for producing pressure solution somewhat

inhibit the efficiency of studying experimentally textures resulting from pressure

solution. However, there is much observable evidence in the field for pressure

solution as a working deformational process. Ramsay (1967) lists the most

important phenomena illustrating pressure solution as follows:

1=

e 1

the mutual penetration of calcareous fossil fragments in limestones:
the development of pits in the pebbles of conglomerates where one
pebbie enters another by solution;

the elongation of clastic grains of quartz in slate as a result of silica
overgrowths;

the migration of silica and carbonates from the limbs to the hinge
zone of folds;

the migration of soluble material from the sides of stressed objects
(e.g., pebbles) facing the principal load directions to the pressure
shadows areas;

The development of a regular striping in slates which cross cuts the

lithological layering.

Within the limestones, chalks and marls of the study area, the reoccurring
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evidence of pressure solution is stylolites. Bedding stylolites and tectonic stylolites
result from pressure solution during diagenesis and during deformation,
respectively. Photographs of samples exhibiting tectonic and bedding stylolites can
be seen in Chapter 7, Figures 7-3, -5, 6, and -7. The photograph of sample
FLS8284 in Figure 7-3 clearly illustrates a tectonic stylolite cross-cutting a bedding
stylolite. Stylolites become zones of accumulation, where commonly quartz
phyllosilicates and clays are concentrated residues, giving the stylolite a darker
color.
2.1.3 Foliations and Cleavages

Borradaile et al. (1982) recognize two definitions for foliations. The first
describes a foliation as a planar location fabric usually defined by a compositional
variation. Secondly foliation may also be defined as a penetrative preferred crystal
(PCO) or dimensional (PDO) orientation in a thin section, hand sample or outcrop.

The cleavage of a rock may, in the majority of cases, be separated into two
domainal structures: the cleavage domain (zone that tends to split or cleave) and
the microlithons (zone where the rock is less cleaved) (Powell, 1979). Figure 2-4
presents the classification scheme of cleavages. Initial differentiation distinguishes
cleavage as continuous or spaced. Determining whether the cleavage is one or the
other is dependent on the scale of observation. At a given scale, if the observer
can clearly recognize the microlithons from the cleavage domains, the cleavage is
said to be spaced. |If the alignment of mineral grains is evenly distributed

throughout a rock or if cleavage domain are so closely spaced at a given scale that
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microlithons are unresolvable, the cleavage is said to be continuous.
2.1.3a FOLIATIONS OR CLEAVAGES IN METAMORPHIC ROCKS

In metamorphic rocks, foliation is the result of strain. Examples of
metamorphic foliation (satisfying the second meaning of foliation by Borradaile et
al,, 1982) could include gneissic structures, schistosity, phyllitic cleavage and slaty
cleavage, which are all continuous cleavages. Stylolitic and crenulation cleavage,
are spaced cleavages found in metamorphic rocks. Metamorphic rocks have by far
the greatest number of cleavage and foliation textures. Furthermore, their
development is dependent on the differential stress and strain rates, pressure,

temperature and the availability of fluids (pore fluid pressure, P,). Table 2-1 relates

Cleavage

N
Continuous Spaced

Disjunctive Crenulation

(No pre-existing (Pre-exdsting grain
grain allgnment algnment within
within microlithons) microlthons

"W_/

Further subdivisions applicabile to both:

1- Shape of the cleavoge domain:
a) degree of planarfty | smooth, rough, wigoh.
styloltic)
b) pattem of cleavage surfaces [paralel, sinucus
anasiomaosing, frapezoidal, conjugate
2- Relative width of cleavoge domains
namow = crack-ike
broad = zonal (zonal eventually grads Into confinuous)
3 Type of confoct between microlithons and cleavage
domains
abrupt (sharp) contact = discrete
gradual contact = gradational
Figure 2-4 Flow chart of cleavage classification (modified from Borradaile ef
al., 1982).
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Tabile 21 List of some cleavage types and the associated deformation mechanism and
physical conditions conducive to their deveiopment.

Type of cleavage Deformation mechanism Conditions
. grain rotation (p.d.o.) | T = 250°C
siaty cleavage | recrystaliization P = 2-2.5 kbar (1)
. grain rotation (p.d.o.
schistose cleavage and/or p.c.o.) T = 400°C (2)
. recrystallization
gneissic cleavage . diffusion Tyz05 (2)
. microfoiding
: . P =3- 4 kbar
crenulation cleavage | = pressure solution T - 350°C )

. mineral redistribution

T, = 0.5 (T=250°C)
stylolitic cleavage . pressure solution P, required
P =2-25kbar (1)

P, > confining pressure

fracture cleavage . hydraulic fracturing low T°C
brittle conditions (depth < 4 km) (2)

(1) Borradaile ef al, (1982), (2) Nicolas and Poirier (1976)

the various types of cleavages and foliation to the deformation mechanism and
appropriate conditions which produces them.

Slaty cleavage typically develops under low grade metamorphism (refer to
Table 2-1), in fine grained (< 0.5 mm) rocks (Borradaile et a/, 1982). Slaty
cleavage cannot be seen with the naked eye; however a slate typically cleaves into
tabular thin plates. Microscopically, slaty cleavage appears as discoidal to
lenticular aggregates of quartz , feldspar and mica or chlorite surrounded by
anastomosing mica or chlorite rich laminae.

Phyllitic cleavage and schistosity are formed in a similar way to slaty
cleavage, where the obvious difference is grain size. The average grain size of a
rock which may develop a phyllitic cleavage is less than 1 mm, compared to a grain

size ranging from 1 mm to 10 mm in a rock developing a schistosity (Borradaile ef




al., 1982).

The development of crenulation cleavage is evidence of a second phase or

later phase of deformation. Crenulation cleavage develops when an already

foliated rock (i.e. a rock that has either a slaty cleavage, phyllitic cleavage,
schistosity or an earlier crenulation cleavage) is folded (crenulated) on a
microscale. The axial surface of the microfolds or crenulation are subparallel to the
crenulation cleavage. Typically, the cleavage domain is very rich in mica while the
intervening microlithons, preserving the microfold hinge, preserves the pre-existing
foliation and commonly host quartz and feldspar.

Crenulation cleavage may be discrete or zonal. Discrete crenulation
cleavage appears as narrow mica-rich layers abruptly truncating the original
foliation preserved in the quartz and feldspar rich zones. Discrete crenulation
cleavage has a fault-like appearance as the quartz-feldspar foliated domains seem
to be offset on either side of the cleavage domains. The offset appearance arises
from the dissolved material removed due to pressure solution. Comparatively,
zonal crenulation cleavage appears as wide mica rich domains connecting the fold
limbs of the crenulated preexisting foliation in the quartz-feldspar domain. The finer
grained foliated rocks (i.e. slates) tend to develop discrete crenulation cleavage,
whereas coarser grained rocks (i.e. schists) tend to develop zonal crenulation
cleavage. Both types of crenulation cleavage have spacings between cleavage
plane that generally ranges from 0.1 mm to 1 cm generally proportional to grain size

(Borradaile ef al., 1982).
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During middle to high grade metamorphism, foliation is habitually expressed
through gneissic structures (banding and layering). The banding or layering can
appear as differentiation in mineralogy, colour and/or texture. Commonly, the
differentiation resuits from one of recrystallization, mechanical shearing and
dissolution mechanism. The most encountered type of banding takes the form of
alternating mafic and felsic layers.

2.1.38 FOLIATION IN SEDIMENTARY ROCKS

Sedimentary rocks may develop textures related to the time of rock
formation, such as bedding stylolites, or to a later deformational event, such as
tectonic stylolites. Very often these are superimposed. These can be distinguished
in the field by careful observation, however during magnetic fabric analysis special
considerations must be taken to effectively separate the primary (bedding) and
secondary (tectonic) fabric components.

Bedding fabrics are usually observed in sedimentary rocks. Bedding is an
inherent fabric primarily because of the crystallographic shape of micas and
because even less anisotropic minerals inevitably have longer dimensions that
preferentially lies flat. Consequently, inherent fabrics are not indicative of tectonics
and tectonic strain cannot be deduced from them.

Stylolitic cleavage produces a planar fabric due to the preferential
arrangement of stylolites. Before stylolitic cleavage is used to suggest the principal
orientations of strain, we must distinguish between diagenetic stylolites and tectonic

stylolites. Diagenetic stylolites are formed due to gravitational loading and
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compaction. Furthermore, they are generally orientated parallel to sub-parallel with
bedding and cannot be used for strain analysis. On the other hand, tectonic
stylolites form under tectonic stress and generally align perpendicular to the
maximum compression or shortening direction (Ramsay and Huber, 1983). Alvarez
et al. (1978) proposed a classification scheme (see Table 2-2) in order to describe
the type of intensity of the stylolitic cleavage and relate it to the amount of
shortening represented by such an intensity. The intensity increases as the density

of stylolites cleavage increases (i.e. as the distance between cleavage planes

decreases).
Table 2-2 Classification of stylolitic cleavage in pelagic limestones after Alvarez ef al. (1878
Intensity Characteristics Average distance Shortening accommodated
T of stylolites between cleavage by cleavage
ype planes
Weak toothed >5¢cm 0 - 4 % shortening
Moderate paraliel 1-5cm 4 - 25 % shortening
Strong m";':gmﬁnu 0.5-1cm 25 - 35 % shortening
Very Strong sigmoidal <0.5cm > 35 % shortening

This classification scheme must be referred to with precaution. The distance
between stylolites (cleavage planes) cannot indicate the amount of shortening the
rock has undergone. Determining the amount of rock dissolved would be a
qualitative indicator of shortening. The simple observation of a stylolitic cleavage
is a reassurance that the rock in question has most likely experienced shortening.
2.1.3c FOLIATIONS RELATED TO FAULT ZONES

Two types of foliations are routinely observed within fault or shear zones.
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These were given the term of C-surfaces and S-surfaces by Berthé ef al. (1979) and
together they form an S-C fabric. The C-surfaces are shear planes of relative
movement oriented parallel to the shear zone walls. S-surfaces are planes of
flattening oriented initially at a 45° angle to the C-surfaces if there is perfect simple
shear (Ramsay, 1967). The angle would be less if the shear was not a perfect
simple shear. A non-simple shear zone results from a non-coaxial strain (as in
perfect simple shear) combined with a coaxial strain component. This phenomenon
is also called a transpressive shear zone indicating that the area has been sheared
and compressed syntectonically. The compressive component produces an initial
angle of separation less than 45° between S- and C- surfaces in a non-simple
shear zone.

Progressive shearing of the C-surfaces, rotates the S-surfaces as to reduce
their angle with the C-surfaces. S-surfaces extend between two C-surfaces which
sandwich the S-surfaces. S-C fabric can develop and be observed in a
handspecimen, an outcrop or even at a regional scale where the C- and S-surfaces
can be traced for many kilometres. S-C fabrics are extremely useful in regional
kinematic analysis as the relationship between the two surfaces indicates whether
the shear zone has a dextral or sinistral sense of motion.

2.1.4 Lineations

Lineations, like foliations, are the result of strain and may be observed in all

rock types (i.e. metamorphic, sedimentary and igneous). A lineation may be formed

in numerous different ways. The most common types of lineations are intersection
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lineations, mineral lineations, grain shape lineations and crenulation lineations.
Other less common types include slickensides striations.
2.1.4a NON PENETRATIVE LINEATION

Intersection lineations are the result of the intersection of two planes. These
two planes can be two foliation planes, cleavage plane and bedding plane, the
combinations are endless. These are non-penetrative fabric features and are not
related directly to strain or stress. The important aspect for interpretations however
is knowing what two types of plane are producing the intersection lineation.

Lineations indicating a relative movement are restricted to the surface of a
plane and do not penetrate the entire rock. Such lineation are slickenside striations
and grooves. These can be observed on fault surfaces representing the direction
of relative movement. Slickensides may also occur on bedding surfaces of folds
formed by flexural slip where individual layers glide on top of one another.

A crenulation lineation is most commonly developed in schists and phyllites
that experienced two (or more) episodes of tectonic strain, causing S, to be
crenulated. When looking in the plane of the crenulation cleavage, the lineation is
defined by the straight or slightly curved line joining the series of crests and troughs
of the tight microfolds, between the C-planes.
2148 PENETRATIVE LINEATION

Mineral lineations and grain elongations are representative of the parallel
alignment of elongate minerals or grain shapes. These fabric elements are

normally penetrative and may be related to principal strain or perhaps principal
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stress directions. This type of lineation is very common in metamorphic rocks. The
alignment of minerals form a preferred crystallographic orientation (p.c.o0.) and the
alignment of the grains form a preferred dimensional orientation (p.d.o.). As
previously discussed, the preferred orientation is achieved by either
recrystallization or mineral rotation. Commonly mineral lineation, in metamorphic
rock, is found within the foliation plane and together help define the strain ellipsoid

which will be discussed later in this chapter.

2.2 Strain and Kinematic Analysis

Kinematic analysis refers to how rocks moved during their formation and
subsequent deformation, on a regional scale. Deformation of a rock is manifested
through physical changes (strain) due to applied forces acting across or along an
area (stress). Strain analysis of smaller structures disperse across a region leads
into the possible interpretations of kinematic tectonics.
2.2.1 Theory of Strain Analysis

“‘Deformation” encompasses translation, rigid body rotation, dilation and
strain. At the outcrop level, we are generally concerned with strain. It is defined
as a change in shape of a body resulting from an applied stress field. We can
schematically represent strain with a strain ellipsoid composed of three mutually
perpendicular principal axes: X (maximum axis), Y (intermediate axis) and Z
(minimum axis). These changes can also be accompanied by successive

increments of strain, applied in different directions, in which case the strain is said




-40-

to be non-coaxial. If the strain increments are added in the same directions, the
strain is coaxial. A non-coaxial stain signifies that the principal strain axes change
orientation with respect to the material throughout the strain history. An example
of non-coaxial strain of very special restricted conditions, is simple shear (Figure
2-5). A coaxial strain retains a constant orientation of its principal strain axes with
respect to the material. Such conditions define pure shear (Figure 2-5). Most
“sheared” rocks actually result from transpression, a combination of shear strain
and pure shear,

If strain effects a body uniformly, the body is homogeneously strained and
consequently within the body straight lines will remain straight and parallel lines

remain parallel. |If strain varies throughout a body, the body is said to be

2l
—

B- simple shear

Figure 25 Schematic representation of pure and simple shear. Pure shear is coaxial and
irrotational. Simple shear is non-coaxial and rotational.
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heterogeneously strained and consequently straight lines become curved and
parallel lines become non-parallel. For purposes of strain analysis homogeneously
strained bodies are preferred. Usually a body will be heterogeneously strained on
a large scale but may be broken down into smaller homogeneously strained
domains for the application of strain analysis technigues.

There are two end-member types of homogeneous strain. Axially symmetric
extension is characterized by a uniform extension along the X axis and equal
shortening in all directions perpendicular to the X axis (X > Y = Z). The resulting
strain ellipsoid has a prolate shape (rod-like) producing L-tectonites. Axially
symmetrical shortening will have uniform shortening along the Z axis and equal
extension in all directions perpendicular to the Z axis (X = Y > Z) producing S-
tectonites. In this case, the strain ellipsoid has an oblate shape (disc-like). The
intermediate case is plane strain, where the Y axis remains unchanged, the X-axis
is extended and the Z axis is shortened (X > Y =1 > Z and XY = Y/2Z).
Traditionally, homogeneous strain is graphically represented on a Flinn diagram
(Figure 2-6) for a structural geologist. On the diagram, the y-axis and x-axis are

defined by Flinn's a and b parameters:
Y

v b= — "
b Eqn. 2-1

The point of origin of the Flinn diagram is (1,1). The area located between axially
symmetrical extension and plane strain is referred to the field of stretching or

constrictional strain, where as the area between plane strain and axially



42-

symmetrical flattening is called the field of flattening strain. The Flinn diagram also
relates to the shape of the ellipsoid, which is defined by the parameter k :

k=[a_1]
(b -1)

Eqgn. 2-2
The greater the distance between a plotted point and the origin of the Flinn
diagram, the greater the degree of eccentricity of the corresponding ellipsoid.
However the Jelinek plot is superior for both structural geology and magnetic fabric
studies. It expands the scale for weak strains, because of its logarithmic scale.
Moreover, the shape parameter (T)) is represented by an axis and it is also
symmetrical ( +1 to -1), whereas Flinn's shape parameter (a-1)/(b-1) ranges from
0to .

Finally, we should note that strain develops in increments. What a geologist
observes and measures in the field is a finite strain that resulted from the object
being progressively strained through time, summing strain increments. Progressive
deformation is the process leading from an initial to a final state of finite strain.
Observation of a finite strain is not necessarily a key to the incremental steps
suffered by the object during progressive deformation. Occasionally, evidence of
progressive deformation may be observed in the field. If a fracture mineralizes, the
vein minerals may grow as fibres parallel to the maximum extension direction
(Ramsay and Huber, 1983, p. 236-262). Changes in orientation of the long axes,

and growth stages on the fibres, would suggest a change in the orientation of the
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Figure 2-5 The Flinn Diagram as a graphical method for presenting the shape and degree
of anisotropy of an ellipsoid. For comparison, a Jelinek plot is illustrated in
Figure 3-2.

direction of maximum extension; hence proof of progressive non-coaxial strain.
This phenomenon may also be observed microscopically in pressure shadows.

A concluding remark on the theory of strain brings attention to the
relationship between strain and stress. Strain results from an applied stress field
therefore it is reasonable to want to quantify this relationship. For a coaxial strain
history, we can correlate the three principal strain axes with the three principal
stress axes where Z is parallel to g, (maximum stress axis), Y is parallel to o,

(intermediate stress axis), and X is parallel to o, (minimum stress axis). For a non-
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coaxial strain history the simple correlation between principal axes does not apply
because of the continuous change in orientation of the strain principal axes.
However, if the non-coaxial strain history mechanism were the very special cases
of simple shear, we can correlate the Y principal strain axis, which does not change
orientation with respect to its initial position, with the intermediate stress axis (0,).
2.3.2 Analysing Strain from Conventional Petrofabrics

Determining the orientation of the principal strain axes is reasonably scene
if the area under observation exhibits a foliation, that is a planar flattening fabric (S-
tectonites). S-tectonites, that are principal plane structures, lie in the XY plane of
the strain ellipsoid and therefore the Z-axis orientation will be perpendicular to the
foliation or XY plane. If a lineation is present in the plane of foliation, then the X-
axis orientation is defined by the elongated or stretched direction of the lineation.

Rocks which exhibit pervasive foliations (S-surfaces) and lineations are
called L-S tectonites. Depending on which aspect of the fabric dominates, the
tectonite may be classified as an L-tectonite, S-tectonite or an L-S-tectonite.
Intermediate ranges between the two end-members of purely lineated or purely
foliated tectonite are referred toas L>S tectonite where the lineation is more
pronounced, or S>L tectonite, when the planar component dominates. These
classification may be represented on a Flinn diagram introduced earlier, where an
L-tectonite is the result of axially symmetrical extension, an S-tectonite is the result
of axially symmetrical shortening and L-S tectonite is the result of plane strain

(Figure 2-6).
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However, in order to quantify the amount of strain, the extension (or
shortening) along each strain axis must be measured. This requires the use of
strain markers. Strain markers are objects that have been deformed but their
original shape is known. Such objects include initially spherical objects (ooids,
reduction spots, vesicules) conglomerates, pebbles, bilaterally symmetrical fossils,
boudinaged layers and fold sets (Ramsay and Huber, 1983;p. 197).

Measuring the amount of strain can be achieved by considering the change
in length of a line, change in angle between two lines and the change in volume.
The variation in length of a line can be measured and defined by the following

three parameters:

i = In} Eqn. 2-3
/

o

Extension : e =

Stretch ; 8=

o~ |~

Quadratic elongation ; A = {I—IJ"‘ =(1 +e)f

o

The stretch parameter (Means, 1976) is useful when dealing with large scale crustal
deformation. The extension corresponds to an elongation of the axis when the
obtained value is positive, whereas a negative value indicates a shortening of the
axis. In terms of extension, the principal strain axes X, Y, and Z correspond to (1
+e,), (1+e), and (1 + e,) respectively. Situations where shear is apparent, shear

strain, y (gamma), may be measured and is defined by the following equation:



y = tan g Egn. 2-6

where y (psi) is the angular deflection of an original right angle.

Very commonly straining is accompanied by a certain amount of volume
change. More often than not, the volume change is a volume loss (e.g. pressure
solution). If volume change is not accounted for when determining the amount of
strain the estimates will be misleading. The volume change, A (delta), is defined as:

(V- V)
T

(-]

A Egn. 2-7

where V, is the initial volume and V the observed volume. However the change of
volume may be directly related to the principal strain axes and to the extension

suffered by each of the principal strain axes.

1T+8=(1+e)1 +e)1 +e,) Eqgn. 2-8

The measurement of these parameters require strain markers. Without any
strain markers it becomes very difficult to assess the strain state in the field. We
will now examine how strain may be determined from a variety of types of strain
markers.

Elliptical objects that may have been initially spherical can be analysed by
following two different methods. Such objects include ooids in sedimentary rocks,

iron reduction spots in metamorphic rocks and vesicules in volcanic rocks. The first
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method measures the strain axes directly. The hand specimens must be cut
parallel to three perpendicular sections, preferably corresponding to the principal
planes XY, XZ and YZ. On these surfaces, the lengths of the long and short axes
of the spheroidal objects are measured. Subsequently, the measurements are

plotted on a cartesian graph where the (x,y) coordinates are (length of long axis,

length of short axis). The slope of the line of best fit through the data represents

the strain ratio Y/X for that plane of section.

An altemative to the direct measurement of the strain axes is the centre-to-
centre method. This method reasons that the distance between centres of
randomly oriented spheres alters systematically when being strained (Park, 1989).
On a surface containing numerous strain markers the distance between two centres
is recorded as well as the angle separating this line and an arbitrary reference line.
Then, the (x,y) coordinate pairs corresponding to (angle of separation, distance) are
plotted. The data will define a curved line which reaches a maximum and a
minimum on the y(distance)-axis. The ratio between the minimum and maximum
distance is equal to the strain ratio Y/X. The angles corresponding to the maximum
and minimum distances represent the orientation of the X and Y principal strain
axes orientation with respect to the reference line. This method presents the
advantage of being applicable to even non-elliptical strain markers, however
determining the actual centre position does present some problems, making the
application of the method difficult. Moreover the results are generally poor.

The use of elliptical markers such as conglomerate pebbles, as passive loop
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markers, for strain analysis requires the use of a different graphical method. This
altemate graphical method takes into account the final elliptical shape observed in
the field as being a combination of the pebbles original elliptical shape and the
tectonic strain. The graph plots the observed strain ratio (R), that is, the ratio
between the short axis and long axis of the pebble, against the angle the long axis
makes with an arbitrary reference line. The plotted data will either yield a peaked
distribution indicating that R(strain) < R(initial) or a pear-like distribution, in which
case R(strain) > R(initial). The R, and R, ratios can be quickly determined from

a pear-like distribution. The maximum and minimum ratios define:

Rm = R; R, Egn. 2-9
R.2 = Ro Eqn. 2-10
= E'; qn. £-

where R, is the original Y/X ratio and R; is the tectonic strain Y/X ratio. By dividing

equation 2-9 by equation 2-10 we obtain:

R
Ry = —= Eqgn. 2-11
R "
This graphical method also yields the orientation of the maximum principal strain
axes. The angle between the arbitrary reference line and the X principal strain axes
is given by the vertically oriented symmetry axis of the distribution. The elementary
application above is two-dimensional, but it has been extended to three-

dimensional and also for cases of initial non-uniform particle shape and non-
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uniform particle orientation.

A more versatile method of analysing strain is the selvage rim method for
certain closed loop markers with rims. This method can be used on numerous type
of strain markers: vesicles, lapilli, reduction spots, weathered pebbles, and even
pillow lavas, which are a non-spherical object. The method assumes that the rims
which forms on the outside of these objects are uniform. The ratio of the thickest
rim width and the thinnest nm width is equivalent to the strain ratio (Borradaile,
1987). Furthermore, the maximum extension direction would be parallel to the
direction of the thickness rim width. Some caution is needed when using this
method with pillow lavas. While pod-shaped pillow lavas will give strain ratios with
20% accuracy, the selvage rim method practised on tubular (tube-like) pillow lavas
exposed on a two-dimensional outcrop surface is unlikely to be a suitable candidate
for strain analysis (Borradaile, 1985).

This outlines a few simple methods which can quantify the amount of strain
a certain rock suffered by analysing field observable strain markers. However
strain markers are not very common and consequently only the orientation of strain
through L-S fabrics can be inferred. If an outcrop is bare of strain markers and
does not display any foliation or lineation, it was assumed the area was
undeformed. However, with the use of magnetic fabrics it is possible to obtain the
orientation of the principal strain axes even if the observed outcrop is barren of

strain markers and appears undeformed.
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Chapter 3 - Review of Magnetic Fabrics and their Relationship
to Strain and Tectonic Kinematics

3.1 Magnetic Fabrics

The analysis of magnetic fabrics introduces an extra dimension to the
analysis of conventional petrofabrics discussed in Chapter 2. However, in order to
properly interpret magnetic fabrics, the geologist must have an understanding of the
magnetic mineralogy of the rock as well as the magnetic properties of all types of
minerals. There are two types of magnetic fabric that can be investigated. The
susceptibility anisotropy defines a fabric where the mineralogy of the whole rock
contributes; and the remanence anisotropy defines a fabric to which only
ferromagnetic minerals contribute. In both cases the fabric may be characterised
by an ellipsoid describing the shape and the orientation of the anisotropy tensor.
In the last section of this chapter, we will investigate how conventional petrofabrics
and magnetic fabrics can be related to strain and tectonic kinematics.

Before discussing how the anisotropy of various magnetic fabrics can be
analysed, we will review the fundamentals of magnetism in the realms of
mineralogy.

3.1.1 Magnetic Properties of Minerals

All material have a certain magnetization because of the electrons rotating
around their spin axis and around a nucleus. In the presence of an applied
magnetic field, the electrons’ spin axes align themselves parallel to the applied

field. Minerals can be classified as being diamagnetic, paramagnetic,
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ferromagnetic, antiferromagnetic or ferrimagnetic depending on how they respond
when a magnetic field is applied and then subsequently removed (Figure 3-1).

A diamagnetic material in the presence of a magnetic field, will acquire a
small induced magnetization in the opposite direction to the applied field. Once the
magnetic field is removed, the diamagnetic material loses the induced
magnetization. All materials react diamagnetically, but a material classified as
diamagnetic, has no other type of magnetic response because its electron shells
are complete and therefore the atoms do not possess a magnetic moment (Butler,
1992). Pure quartz, calcite and feldspar are examples of diamagnetic minerals and
are characterized by having negative magnetic susceptibilities, in the order of -10®
Sl vol. (Hrouda, 1986; Voight and Kinoshita, 1907; and Borradaile et al., 1987 as
reported by Borradaile, 1988), which are independent of temperature. However,
these minerals are rarely pure as they commonly contain non-diamagnetic
inclusions.

Paramagnetic materials will acquire an induced magnetization parallel to the
applied magnetic field. Their atoms do possess a magnetic moment, but do not
interact with adjacent atomic moments. However, like diamagnetic responses,
Paramagnetic material have magnetization equal to zero when the applied field is
removed. The atomic moments are randomly distributed causing the resultant
moment to equal zero. Most iron-bearing carbonates and silicates are
paramagnetic. The magnetic susceptibility is positive and generally ranges between

10? to 10 Sl vol., for common paramagnetic rock forming minerals (Dunlop and
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Figure 3-1 Different types of magnetization. The bold arrows to the left of the lefthand column indicate
the direction of the applied field. The arrows to the right of the boxes indicate the sense and
relative magnitude of magnetization when a magnelic field is applied (induced
magnetization) and then removed (remanent magnetization). Refer to the text for further
explanation. (Modified from Tading and Hrouda, 1993)

Ozdemir, 1997). Furthermore, paramagnetic minerals have susceptibilities which
depend on temperature; as temperature increases, paramagnetic susceptibility
decreases according to the Curie law of paramagnetic susceptibility (Butler, 1992).

NM?

3T Eqgn. 31

il
= H

where ¥ is the paramagnetic susceptibility, J, magnetization, H, the applied fieid,

N, the atomic moments per unit volume of the paramagnetic solid, M, magnetic




moment, k, Boltzmann's constant, and T, the temperature.
The induced magnetization of both diamagnetic and paramagnetic materials
can be directly related to the strength of the applied magnetic field. The

relationship is linear and can be expressed as:

M=KH Egn. 3-2

where M is the induced magnetization measured in A/m, H is the strength of the
applied magnetic field in A/m and K is the susceptibility which is used as the
constant of proportionality.

Ferromagnetism can be defined in two ways. The first describes
ferromagnetism in the general sense (i.e. sensu lato), characterized by a remanent
magnetization ( the ability of retaining a mangetization long after the removal of the
external field). The umbrella term can be further divided into ferromagnetism, the
specific term (i.e. sensu stricto), antiferromagnetism and ferrimagnetism.
Ferromagnetism (s./.) characterizes all materials that have strongly interacting
neighboring atomic magnetic moments. Furthermore, ferromagnetic (s./.) material
canretain a magnetization long after the applied magnetic field is removed with the
exception of perfect antiferromagnetic material. However, the spin moments in an

antiferromagnetic material are commonly canted resulting in retention of some

magnetization after the applied field is removed. These materials can acquire a
magnetization up to a maximum, called saturation magnetization. The saturation

magnetization decreases with increasing temperature until the saturation
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magnetization reaches zero. The corresponding temperature is termed the Curie

temperature, a unique property for each ferromagnetic (s./.) material. Above their
Curie temperatures, ferromagnetic (s./.) minerals behave paramagnetically. If
temperatures were to fall back below the Curie temperature, the mineral would at
that point regain its ferromagnetic (s./.) properties.

The interaction between adjacent atomic magnetic moments can take the
form of one of two types of quantum-mechanical coupling forces: exchange or
superexchange coupling forces (Tarling and Hrouda, 1993). Exchange force is
common in the metallic transition elements (iron, nickel, cobalt and some of their
compounds) and consist direct coupling with adjacent electron spins of atoms. This
results in having all magnetic vectors lying in the same direction, characteristic of
ferromagnetism (s.s.). Magnetic moments of atoms within a single domain are all
parallel.

More appropriately for compounds of Fe, Ni, T, etlc is superexchange
coupling, in which the coupling is done via an intermediate atom. This is common
in more complex compounds such as oxides, where the oxygen atoms (anion) will
act as a coupling bridge between two cations. Superexchange coupling forces
result in having domains of atomic magnetic moments with opposing magnetic
direction. That is atomic magnetic moments within a layer are still parallel but
between layers there is an antiparallelism. If the magnetization is of equal strength
in antiparallel layers the net magnetism is zero and the material is said to be

antiferromagnetic. If the magnetization is not equal in antiparallel layers, a net




magnetic direction will result and the material is called ferrimagnetic.

There are numerous ferromagnetic (s..) minerals and the Fe-Ti oxides
account for the majority of them by far. Other mineral groups or minerals exhibiting
ferromagnetic (s./.) properties include goethite (an iron hydroxide), pyrrhotite and
greigite (iron sulphides), and hydrated iron sulphate (resulting most commonly from
the hydration of pyrite and marcasite which are very unstable when exposed to air).
All these minerals have characteristically high magnetic susceptibilities (greater
than paramagnetic minerals) ranging anywhere from 107 SI vol. to 10° SI vol.
(Carmichael, 1982 as reported by Borradaile, 1988). More importantly for
paleomagnetism, they possess magnetic remanence.

3.1.2 Magnetic Anisotropy

The magnetic anisotropy of individual particles depends on two factors: the
anisotropy of the particles themselves and the degree of the particles alignment
(Tarling and Hrouda, 1993). The particle anisotropy is composed of a crystalline
and a shape anisotropy component.

A crystalline anisotropy arises from lattice forces acting on the electron spin
configuration of the particle. Particles (crystals) have certain crystallographic axes
or planes in which electron spin axes will preferentially (more readily) align
themselves, and magnetization will be greatest in these directions. These are
termed easy axes or easy planes.

A shape anisotropy forms from the alignment of electron spin axis creating

a north and south magnetic pole at opposite points on the surface of the grain. The
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magnetic poles are created by a net magnetization ,M, which may be an induced
or a remanent magnetization. Internally, a demagnetizing field, H,, is antiparallel
to M. The magnetostatic energy, E,,, results from the dipole moment () and the

total internal magnetic field of the grain. This may be expressed as follows:

E =-u-(H-H) Eqgn. 3-3

where H, is the external field, H, = -N-M, and N is the demagnetization factor
(Dunlop and Ozdemir, 1997). Grains that are symmetrical will have poles that
cluster, enhancing the magnetostatic force of the grain. In non-symmetrical grains,
the poles are scattered, weakening the magnetostatic force of the grain (Tarling and
Hrouda, 1993). Different minerals will have particle anisotropy controlled
dominantly by their crystalline anisotropy (e.g. hematite) and others by their shape
anisotropy (e.g. magnetite). The shape anisotropy of ferromagnetic (s./.) grains
depends entirely on grain size, as multi-domain and single domain grains behave
differently. The susceptibility anisotropy is maximized if the orientation of the
crystalline easy axes and the shape long axes of the grain coincides.
3.1.2a SUSCEPTIBILITY ANISOTROPY

The bulk susceptibility anisotropy measured in a weak magnetic field (<1
mT) represents the sum of the susceptibility of all minerals present in the rock
sample (diamagnetic, paramagnetic and ferromagnetic (s.l)). However the

presence of a certain volume percentage of some minerals can dominate the bulk

susceptibility. For example, if magnetite (susceptibility of ~10°® uSl vol.) is present
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in amounts exceeding 0.1 vol% of the total rock, it will , more often than not,
dominate the bulk susceptibility of the sample. Where ferromagnetic (s./.) minerals
are absent, paramagnetic minerals (susceptibilities ~10? - 10° uSI vol.) will usually
dominate the susceptibility anisotropy over the diamagnetic minerals
(susceptibilities of -10" pSl vol.), unless the paramagnetic content of the rock is less
than 1 vol%. In this latter case, the diamagnetic minerals will dominate the
susceptibility anisotropy and the rock will have a negative bulk susceptibility.
Measuring the anisotropy of magnetic susceptibility (AMS) in an applied
magnetic field of weak intensity (< 1 mT) yields the susceptibility (K) in three
principal orthogonal orientations: k; = maximum susceptibility direction, k, =
intermediate susceptibility direction and k; = minimum susceptibility direction.
Together the three principal susceptibility directions define the anisotropy of
magnetic susceptibility ellipsoid. Numerous parameters defining various properties
exist for the analysis of the AMS ellipsoid. These are listed in Table 3-1. However
this extensive list of parameters in reality describes only two properties: the shape
and the degree of anisotropy of the AMS ellipsoid (Jelinek, 1981). Traditionally, it
was suggested that the AMS ellipsoid had four properties (shape, foliation, lineation
and degree of anisotropy). However, foliation and lineation are basically the resuit
of shape, and shape is synonymous with anisotropy degree. The analysis of the
AMS ellipsoid can produce insight for strain and kinematic evolution. Careful

considerations are necessary for meaningful interpretation and these will be

discussed later.



3.1.28 REMANENCE ANISOTROPY

A magnetization which remains after the removal of a magnetic field is called
a remanent magnetism. This is a property displayed only by ferromagnetic (s.1.)
substances. Therefore the source of remanence anisotropy is much less variable
than that of susceptibility anisotropy. Furthermore, the key ferromagnetic (s./.)
minerals mentioned in section 3.1.1 tend to form under different conditions which
translate very often to a mono-mineralic contribution to the magnetic remanence of

arock sample. The identification of the contributing mineral is very important when

Table 3-1 List of some published parameters of anisotropy (modified after Tarling and Hrouda,
1993)
Fmﬁ‘urameler Equation Reference
Magniude of anisolropy
m:mm Pj = exp Y{2[(n, n.F + (Ng-nul + (N0l ) 1
wheren, =In K and | = 1,2, or 3; n, ={n+ ny + n,)/3
ANISOTROPY DEGREE (P,) KKy 2
ABSOLUTE ANISOTROPY (K, = Ko) 1 Ky 3
TOTAL ANISOTROPY (K = Ka) 7 Koaan 4
Linaation
LiNeaTION (P, )(Flinn's a = "L") KJ¥q 56
MAGNETIC LINEATION (L) (Ky = Ko) 1 Ko 7
LINEATION (K, + K3) 1 2K, 8
LINEATION DEGREE 2K MK, + Ky) 8
Fodialion
Fouamon (P, )(Flinn's b - *8") K MK, 6, 10
MAGNETIC FOUATION (F) (Kg = Kag) / K T
FOLIATION (Ky + Ky) 1 2K, 5
FOLIATION DEGREE KK, + Ky) 8
Prolatenass
PROLATENESS (K = Kp)  (Ky - Ky) 7
PROLATENESS (2K, - Ky = Ky) f (Kq - Ky) B
Oblatenass
OBLATENESS (K5 - Kg) £ (K - K5) 7
OBLATENESS (K + Ky - 26K5) 1 (K, - Ks) 8
Shape
mmnﬂ (2N = Ny = M) / (Ny - ) 1
E-FacTOR Ka? 1 KKy g
SHAPE INDICATOR (K Ky = KoKy 1 (KK = KiKs) 10
ELLIPSOID SHAPE (K = KN 2K, - Ky - KWK, - KK, + K, - 2K,) 8
SHAPE INDICATOR KoKy = K2 1 (KK - KK ]

Reference numbers cormespond to the following: (1)Jelinek, 1981 (2)Nagata, 1961; (3)Rees, 1966, (4) Owens, 1974; (5)Basley
and Buddington, 1960; (8)Flinn, 1965 (Mkhan, 1962 (8)Urrita-Fucugauchi, 1980; (5) Hrouda et al, 1971; (10)Stacey of al 1960
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interpreting the remanence anisotropy. Not only mineral composition but also grain
size and time are important control factors for a rock sample acquiring a remanent
magnetization naturally or in the laboratory.

The concept of a remanent magnetization having a time dependency was

developed by Néel (1955), and is expressed as

vB_J,
2kT,,,

T= % exp ( ) Eqgn. 34

where T is the relaxation time or the time required for the direction of magnetization
of a magnetized grain to relax into the direction of an applied magnetic field. Other
variables are: v, the volume of the grain, B, the coercivity, J,, the spontaneous
magnetization, k, Boltzmann's constant, T, the absolute temperature, and C, the
frequency factor estimated at 10° s (Butler, 1992) or 10° s (Dunlop and Ozdemir,
1897). In a laboratory setting, which is at room temperature, the relaxation time is
greater then the duration of the experiment, therefore the temperature represents
the blocking temperature, under cooling conditions, and the unblocking
temperature, under heating conditions, comparable to the duration of the
experiment. The maximum blocking temperature of all remanence is the Curie
temperature discussed earlier. It is an important tool in identifying the mineral
contributing to the remanence, whether the remanence is naturally (NRM) occurring

or produce in the laboratory.
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Naturally occurring remanent magnetization include principally thermal,
chemical and depositional remanent magnetization. Isothermal remanent
magnetization may occur naturally only via a lightning strike. However, remanence
anisotropy studies generally restrict themselves to the study of remanences
acquired in the laboratory.

The anisotropy of anhysteretic remanent magnetization (AARM) and
anisotropy of isothermal remnant magnetization (AIRM) are both used extensively
for the study of the remanence anisotropy ellipsoid. Understanding natural remnant
magnetism (NRM) is key when conducting a paleomagnetic study.

Both anhysteretic remanence magnetism (ARM) and isothermal remanence
magnetism (IRM) are remanences that are fabricated in the laboratory. The
acquisition of ARM in order to study the anisotropy requires subjecting samples to
a small direct field (0.1 mT) superimposed over a defined window of the alternating
field (usually less than or equal to 100 mT). On the other hand, the acquisition of
IRM subjects the samples to a strong direct field (usually greater than 500 mT
depending on rock type and magnetic mineralogy). When determining the AARM
or AIRM, the sample must be completely demagnetized prior to imposing the
magnetic fabric. For this reasons samples where hematite is the ferromagnetic (s./.)
component, AARM and AIRM may not be determined because there is currently no
instrument capable of completely demagnetizing a hematite bearing sample.

For studies on sediments, ARM better magnetizes the fine particles that carry

the stable remanence, than IRM, and therefore, ARM gives a better approximation
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of the remanence anisotropy (Jackson, 1991).

Similarly to AMS, the measurement of the AARM (or AIRM) in several
directions, yields three principal directions which correspond to an ellipsoid's
maximum, intermediate and minimum axes. Again, the anisotropy ellipsoid is
characterized by its shape (Tj) and degree of anisotropy (Pj) which can then
perhaps be related to strain and tectonic kinematics.

3.2 Analysing Strain from Magnetic Fabrics

The use of magnetic fabrics as a strain indicator was first suggested by
Graham (1954), however proper methods for the analysis were not developed until
the 1970's. Relating the orientation of the magnetic anisotropy ellipsoid to that of
the strain ellipsoids is quite straightforward. Generally, the X, Y and Z direction of
principal strain correspond to the k,, k, and k, direction of the AMS ellipsoid or that
of the AARM or AIRM ellipsoids. This direct representation is commonly
acceptable. However, there are some cases where this relationship cannot be
assumed.

The first exception is where the AMS fabric does not completely erase the
primary fabric (Borradaile and Henry, 1997). This is a common problem in weakly
strained sedimentary rocks where the fabric acquired during deposition is difficult
to overprint.

Secondly, rocks which produce inverse anisotropy will not have principal
orientation corresponding to the equivalent principal strain orientations (Borradaile

and Henry, 1997). The best known mineral which occasionally exhibits this
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property is single domain (SD) magnetite, but tourmaline and Fe-rich calcite may
also yield inverse fabrics where the minimum susceptibility axis is parallel to the
longest crystallographic axis (Rochette et al, 1992). Since the anisotropy of
magnetite is mostly controlled by the shape of the grain, SD magnetite will have
AMS where k_, is parallel to the long axis of the grain, and k., is perpendicular to
the long axis. The determination of the AARM ellipsoid, will in this case yield a true
representation of the shape fabric of the SD magnetite grains and confirm the
presence of SD magnetite by exhibiting a fabric which is orthogonal to the AMS
fabric. Other minerals such as tourmaline, carbonates and goethite, can produce
an inverse fabric (Rochette ef al., 1992).

Third, where the fabric accumulation was non-coaxial, direct relationship
between the orientation of the magnetic anisotropy ellipsoid and that of the strain
ellipsoid may not be assumed (Borradaile and Henry, 1997). This third exception
is self-explanatory. During a non-coaxial strain history the orientation of the
principal strain axes varies, therefore the orientation of the AMS, AARM or AIRM
ellipsoid will not be representative of the orientation of the strain axes through the
entire strain history.

Fourth and lastly, when recrystallization fabrics dominate the principal
directions of the AMS fabric will reveal the stress directions at the time of
recrystallization. These directions will differ from the finite principal strain axes,
unless the strain history, throughout the recrystallization event, remained coaxial.

Commonly, in metamorphic rocks, the products of recrystallization are high
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susceptibility minerals, such as magnetite, pyrrhotite and ilmenite. These later
growing phases will commonly use silicate minerals as templates complementing
the principal AMS directions but possibly altering, unpredictably, the shape and
degree of anisotropy of the susceptibility ellipsoid. Under these conditions,
estimating strain magnitudes would be impossible (Borradaile and Henry, 1997).

Even though non-coaxial strain does not permit the determination of the
orientation of strain, regional kinematics may still be interpreted. Non-coaxial strain
means there has been a rotation or shearing of the rock. In metamorphic rocks
where minerals have grown at different times; generally quartz and feldspar form
first, followed by metamorphic phyllosilicates and lastly the late metamorphic
magnetite, pyrrhotite and other remanence carrying minerals. The quartz and
feldspar will give rise to schistosity, the phyllosilicate will dominate the AMS fabric
and the remanence carrying minerals will produce the AARM fabric. The
relationship between the orientation of the foliations of these three fabrics can
define the sense of rotation or shear associated with non-coaxial strain. This type
of analysis as a regional kinematic indicator has been used by Borradaile and
Spark (1991), Borradaile and Dehls (1993), Borradaile ef al. (1993a) and Werner
and Borradaile (1996).

In section 3.1.2, it was said that the magnetic anisotropy ellipsoid can be
described by two properties: the shape Tj and the degree of anisotropy (Pj)of the
ellipsoid. In that section, we were referring to the AMS ellipsoid; however, these

two properties also apply to the AARM and the AIRM ellipsoids. Traditionally, the
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shape of the magnetic ellipsoid was graphically represented on a Flinn diagram, the
same way the strain ellipsoid was plotted. The Flinn diagram plots a against b (for
the strain ellipse) or L against F (for the magnetic anisotropy ellipse)(see Figure 2-
6). Therefore, the Flinn diagram tries to correlate two parameters which describe
the shape. Hrouda (1982) introduced a graphical method using the Pj and Tj
parameters of Jelinek (1981), which describes the degree of anisotropy and shape
of the anisotropy ellipsoid respectively. These two parameters are defined by

Hrouda (1982) by the following equations:

P' = exp y2(a] + a; + a3) i e
o 20V = WA 4 Eqn. 3-6
Ink, - Ink,

where a, = In(k, / kb) fori=1to 3 and kb = (k, + k;, + k;) /3. The result obtained form
either of the kb definitions are acceptable as these do not vary significantly for the
usual range of k (Borradaile, 1991). The Pj parameter plots on the x-axis and
originates at 1 where Pj = 1 describes a unit sphere. The degree of anisotropy
increases as Pj increases. The y-axis represents the shape, Tj, of the anisotropy
ellipsoid. The axis ranges from -1 to 1 where Tj values above zero describe an
oblate ellipsoid and Tj values below zero describe a prolate ellipsoid (Figure 3-2).

Unlike the fairly straightforward relationship between the orientation of the
strain ellipsoid and the magnetic anisotropy ellipsoid, correlating the magnitude of
the anisotropy ellipsoid with the magnitude of strain is more ambiguous. Borradaile

(1991) showed that using the Pj parameter to describe both the magnetic
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Figure 3-2 Example of the anatomy of a Jelinek plot. This graphical method is superior to the
Flinn diagram for plotting the shape (T) and degree of anisotropy (Pj) of the
magnetic fabric ellipsoids.

susceptibility anisotropy and strain ellipsoids produced the strongest correlation
between their magnitudes. And, in experimental studies Borradaile and Alford
(1987, 1988) found strong power law agreements. Correlation studies between
magnitudes of strain and of magnetic fabric have only investigated the relationship
of strain with AMS (Wood et al., 1976; Rathore, 1980; Borradaile and Motherhill,
1984, Cogne and Perroud, 1988; and many others).

Correlation between Pj and strain have only been successful where the
maximum shortening was in excess of 30% and less then 70% (Borradaile and
Henry, 1997) (note: strain is calculated by using equation 3-5 and substituting k,, k,,
and k; by X, Y and Z). Beyond 30% shortening it is assumed that the primary fabric

is completely overprinted and beyond 70% the mineral alignment is saturated and




Pj has reached a plateau and no longer increases with increasing strain.

We must not forget that the uniqueness of magnetic fabric was to estimate
strain orientation and intensity where strain markers are absent. In order to
correlate the AMS magnitude with strain each sample must contain strain markers.
Furthermore the strain markers should strain homogeneously at the same scale as
the AMS fabric. Pratically this means that the strain markers should be
approximately of the same size as a standard AMS sample core (10.55 cm?).
Larger strain markers record strain on a scale which cannot be easily related to the
scale of a standard AMS core (Borradaile and Henry, 1997); because of the larger
scale, strain would probably heterogeneous. Trying to correlate the magnitude of
AMS with strain seems to limit the potential of magnetic fabric analysis because of
the limited amount of outcrops which satisfy all these conditions, and the additional
problems of incomplete overprinting of primary fabric, saturation alignment near
high strain and some fabrics caused by recrystallization and not strain, which must
be considered.

3.3 Concluding Remarks

Analysing and comparing the magnetic foliation, magnetic lineation and the
degree of anisotropy of AMS, ARM and IRM on a regional scale can suggest
kinematic scenarios where strain markers or conventional petrofabric analysis could
not. The main reason is the universal property of magnetism. Every mineral

possesses a magnetic property whether it is diamagnetic, paramagnetic or

ferromagnetic (s.1.).




Chapter 4 - Magnetic Mineralogy

41 Introduction

The magnetic mineralogy of sedimentary rocks, in this study predominantly
pelagic chalks and marls and limestone, may be determined by several methods,
however, most present greater limitations than advantages. Any identification
method requiring a concentrated separation of the ferromagnetic minerals (ie: Curie
temperatures, X-Ray diffraction) is difficult because it is rarely possible to separate
enough of the ferromagnetic mineral to perform the test. Separation by HCI and
acetic acid is commonly used but also commonly digests most, if not all of the iron
oxides as well as the carbonates (Dunlop and Ozdemir, 1997). The determination
of blocking temperatures presents the complication of possibly producing hematite
during demagnetization at temperatures above 310°C. Further discussion on
limitations of other possible mineral identification methods can be found in
Borradaile ef al. (1993b) and a complete review in Lowrie and Heller (1982).

For this study, the magnetic mineralogy was determined by examining the
hysteresis loop parameters and the coercivity of remanence. This data set permits
estimation of the ferromagnetic mineralogy and its domain structure, the
determination of the susceptibility of the matrix and the ferromagnetic content, as
well as the degree of contribution of each phase to the total susceptibility.

Insight on the contribution of diamagnetic, paramagnetic and ferromagnetic

phases to the total susceptibility can also be obtained from the measured mean
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susceptibility of the anisotropy of magnetic susceptibility (AMS).

4.2 Hysteresis Loop Parameters and Coercivity of Remanence

An alternating gradient force magnetometer (MicroMag) was used to
determine the parameters of the hysteresis loop. The instrument was developed
commercially by Princeton Measurements Corporation (Princeton, NJ, USA). The
sample size required is very small. Dimensions are no more than 2mm x 2mm X
1mm and its weight can not exceed much more than 50 mg - 100 mg.

One limitation of this method becomes apparent when considering the size
of the sample tested. The mean weight of the cores for this study is 23 grams,
therefore, at the most the tested sample is representative of 0.04% of the core from
which it is taken. If there is any heterogeneity within the core, which is most often
the case, the tested sample may not represent the actual mean hysteresis loop
parameter values of the core. Fortunately, the rocks studied are both fine-grained
and homogeneous so that the small samples are representative.

From the hysteresis loop curve, the following parameters were determined:
matrix susceptibility (x.,)
ferromagnetic susceptibility (x,)
total susceptibility (x)
saturation magnetization (M,)
remanent magnetization (M,) normalized as M, / M,

coercivity (H.)
coercivity of remanence (H,,) also normalized as H,, / H,

e & " 2 0 0 0

A complete list of the data for each measured sample can be found in APPENDIX D.
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4.2.1 I|dentification of the Ferromagnetic Mineral

The review by Lowrie and Heller (1982) on the magnetic properties of marine
limestones shows that the main contributor to the natural remanent magnetization
of non-red marine sediments is magnetite. Goethite, pyrrhotite and maghemite may
also have a minor contribution where goethite is the commonest of the three, being
the only iron oxide in chemical equilibrium (regarding eH/pH) in seawater. Table
4-1 list some of the published data of the properties for both of single domain (SD)

and multi domain (MD) magnetite.

Table 4-1 List of published parameters for single domain
and multi domain magnetite. Source: Dunlop

(1986)
Parameter Single Domain Multi Domain
H, 10-40 mT 25-4mT
M,/ M, 0.5-0.9 0.01-0.03
H./H, <2 >4

If we compare these published values with the averages obtained from this study
listed in Table 4-2, we observe that the studies values for the magnetization ratio
and the coercivity ratio fall between the ranges of SD and MD magnetite. The
average coercivity (H,) value is located in the lower limit of the SD range, however
taking into account the standard deviation, the coercivity also straddles the SD and
MD cases (Figure 4-1).

These mid range values between SD and MD magnetite clearly corresponds
to pseudo-single domain (PSD) magnetite. By plotting the magnetization ratio

(M/M,) versus the coercivity ratio (H, / H,) for magnetite in the manner described by
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Day et al. (1977), it is evident the data points fall within the field of PSD magnetite

(Figure 4-2).

Table 4-2 List of averages and standard deviation of
measured parameters of this study's samples.

Parameter Average Standard Deviation Standard Error
H, 14.50 mT 1323 mT 1.02mT
M./ M, 0.18 0.056 0.004
Hﬁ,f H, 2.162 0.496 0.04
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Figure 4-1 Frequency histogram of the coercivity values (in mT) of the measured samples. Resulls are

characteristic for magnetite.
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Figure 4-2 A plot (after Day ef al, 1977) of the hysteresis coercivity ratio versus the

magnetization ratio. The phase boundaries are defined by values also taken from
Day et al. (1877). The total number of data points is 170, of which 21 have a
diamagnetic matrix and 149 have a paramagnetic matrix.

4.2.2 Susceptibility of the Matrix and the Ferromagnetic Components

When undertaking a remanence study, whether inclined towards

paleomagnetism or in this case, towards the study of the remanent magnetic fabric,

it is important to determine the magnetic phase of the matrix, the susceptibility of

the matrix and the percent contribution of the matrix and the ferromagnetic

component to the total susceptibility.

The pelagic to shallow marine limestones samples (n = 170) included in this

part of the project have predominantly low positive susceptibilities. The
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susceptibility of the matrix ranges from -6.87 x 10 to 4.00 x 10°® m%kg, where the
average and standard error is 0.92 + 0.09 x 10® m*kg. This indicates that the
matrix is composed of a mixture of diamagnetic minerals like calcium carbonates
and quartz, which have negative susceptibilities, and paramagnetic minerals which
have positive but generally low susceptibilities.

The susceptibility of the of the ferromagnetic content ranges from 0.001 x 10
® to 15.9 x 10® m®kg, where the average and standard error is 2.54 + 0.18 x 10®
m°/kg. By combining these two components, we obtained total susceptibilities
ranging from 0.34 x 10® to 17.9 x 10® m%kg, where the average and standard error
is 3.46 + 0.20 x 10® m%kg. By dividing the susceptibility of the ferromagnetic
content by the total susceptibility for each sample we can determine the percent
contribution of each component to the total susceptibility.

The interpretation of the plot in Figure 4-3 summarizes the observation that
can be made about the magnetic nature of the matrix and the contribution each
component brings to the total susceptibility. Figure 4-3 expresses the following

relationship:

i i Eqgn. 41

A Koo/ Kt ratio greater than 1 (11.8 % of the samples) indicates that the
matrix is diamagnetic. Samples included within the field of 0 to 0.5 (17%) have

paramagnetic matrix and the paramagnetic component contributes more than 50 %

= ———
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Figure 4-3 Frequency histogram of the percent susceptibility of the ferromagnetic content
divided by the total susceptibility. See text for explanation of each subdivided field.

of the total susceptibility. Similarly, samples included within the field of 0.5 to 1
(71.2% of the samples) also have paramagnetic matrix but the paramagnetic
minerals contribute less than 50% to the total susceptibility.

These are positive results for undertaking remanence studies because the
ferromagnetic content seems to have a dominant presence within the tested
samples. However we must keep in mind the limitation of this identification method
discussed in section 4.2. The sample sizes are so small that they may not always
represent the entire specimen. For this reason the bulk susceptibility
measurements should give a better representation since the entire core is

processed.

4.3 Mean or Bulk Magnetic Susceptibility
The anisotropy of magnetic susceptibility (AMS) measures the susceptibility

of the diamagnetic, paramagnetic and ferromagnetic components of a core
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specimen. The bulk susceptibility of a specimen depends not only on the
mineralogical content of the specimen, but more importantly on the volume
percentage of the mineral content. Table 4-3 outlines two boundary cases of how
volume percent of magnetite (a ferromagnetic mineral) and clays (paramagnetic

minerals) can dictate the bulk susceptibility.

Table 4-3 Outline of boundary setting possibilities when considering the volume percent of
magnetite and clays in a diamagnetic matrix.
K of magnetic content + K of matrix = Total K
(average k =-10x 10* 8
0.1% magnetite x 500000 x 104 £9.9% matrix x-10 x 10° Sl = 490.01 x 10® SI
S| (average K for magnetite) = 9.99 x 10° s8I
500 x 10° si
1% clays (paramagnetic) x 1000 | 99% matrix x-10 x 10* S = 0.1 x 10 S
x 10® S| (average k for clays) = 8.9 x 10°sI
10 x 10* S|

The mean susceptibility, obtained during the AMS study, for the 1170 cores
measured ranged from -33 to 4145 SI x 10° (Figure 4-4) of which 83% of the
samples are within the range of -15 to 40 Sl x 10®. Negative bulk susceptibilities
were obtained in 37% of the cores. Therefore, it can be deduced that those
samples are composed of much less than 0.1 vol% magnetite and of less than 1
vol% paramagnetic minerals. The majority of the cores yielding positive
susceptibilities have mean values less than 100 Sl x 10® (61.5%), indicating that
paramagnetic clays dominant the AMS signal by virtue of their stronger anisotropy.

The cores producing mean values greater than 100 SI x 10® (1.5%) suggest
a greater importance of magnetite. However, the abundance of magnetite within

each core is still less than 0.1 vol% since the maximum mean susceptibility
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Figure 4-4 Percentile frequency distribution of the mean susceptibility values of 1170 cores.

recorded is 400 Sl x 108 Sample FL98344 s the only exception with its three
cores recording mean susceptibility values of slightly more than 4000 Si x 10°.
Sample FL98344 is a sandstone containing homogeneously distributed mafic clastic
grains, therefore it is safe to assume that the high susceptibility values obtained
from these cores in comparison to the rest of the sample suite is due to its different
lithology.

44 Summary

The hysteresis and coercivity study included 170 cores, where the tested

Micromag sample represented, at the most, 0.04 % of the core's mass. The AMS
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study included 1170 cores, where the entire core is measured. Consequently, the
mean susceptibilities obtained through the AMS analysis are a better indicator of
the magnetic mineralogy present, contributing to the magnetic fabric.

The diamagnetic contributors are predominantly caicite and quartz. Where
measured negative mean susceptibility values correlate to published mean
susceptibilities for natural, slightly impure calcite and quartz of -13.8 Sl x 10® and
-9.29 Sl x 108, respectively (Borradaile et al., 1987).

The paramagnetic contributors are predominantly clays. Younger sediments
deposited in shallower waters also contain terrigenous clastic input due to erosion
of the ophiolitic Troodos Terrain and the metamorphic Mamonia Terrain. In
samples with positive mean susceptibilities (66% of those measured), these
paramagnetic minerals control the anisotropy of magnetic susceptibility. Therefore,
the AMS fabric will portray the preferred crystallographic orientation of the
paramagnetic content, dominantly clays.

The ferromagnetic contributor is identified as magnetite by the hysteresis
loop and coercivity parameters. The AMS mean susceptibility values suggest its
presence is less than 0.1 % of the cores' volumes. The concentration of magnetite
grains is insufficient to control the anisotropy of the AMS fabric. However, the
preferred dimensional orientation of the magnetite grains solely defines the
anisotropy of anhysteretic remanent magnetization (AARM) fabric, since magnetite
is the dominant and most likely the only mineral present in these rocks, that is able

to acquire a magnetic remanence.
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Chapter 5 - Anisotropy of Magnetic Susceptibility (AMS)

5.1 Introduction

The anisotropy of magnetic susceptibility (AMS), in this study, was measured
in a weak magnetic field (0.05 mT) using a Sapphire Instrument SI-2. The weak
magnetic field is important because it is comparable to the Earth's magnetic field.
A solenoidal coil produces the low-field intensity with an external field frequency of
19 200 Hz. The older SI-2 used 750 Hz. Measuring at 19 200 Hz enhances the
sensitivity but still retains a substantially in-phase component, reflecting
susceptibility rather than electrical conductivity.

AMS measurements determine the bulk magnetic susceptibility (K) which
represents how easily a rock magnetizes in the presence of an external field. An
anisotropic sample subjected to a weak field will acquire an induced magnetization
(M) in a direction generally not parallel to the applied field (H). The acquired

induced magnetization is defined by three orthogonal components

M, = k_H=+k H+ k_H,
M, = kH+kH+kH, Eqn. 5-1
M, = k H+ IrlyH; k_H,
equivalent to
M, = kH, Eqn. 5-2

where k; is a second-order tensor defined by the following matrix:




-78-

k = k_ k_ k Eqn. 5-3

These nine parameters define six independent components which define the
anisotropy of magnetic susceptibility ellipsoid. The measuring scheme, used for
this study, follows Nye's 7 orientation procedure outlined in Figure 5-1 (Borradaile
and Stupasky, 1995). The computer program S1298.exe designed by Dr. G. J.
Borradaile computes the data of the seven orientation and yields the magnitude and
orientation of the three orthogonal axes defining the AMS ellipsoid.

Since the k; are >0, the tensor can be represented by an AMS ellipsoid,
characterized by the length and orientation of its three principal axes K, (maximum
axis) > K; (intermediate axis) > K, (minimum axis). These in turn may may be used
to give characteristic anisotropy parameters which are listed in Table 3-1. From this

list, the following parameters were considered in this study: mean susceptibility

Nye's seven orientations

)= \\./ //Kj

(1) 360/00 (2)090/00 (3)***/90 (4)045/a  (5)315/a () zzsm :?1 laﬁfu
a = 3526 degrees = arcsin 1 /¥ 3

,—

Figure 5-1 Cubical sample holders are shown in plan view, with insertion direction into
induction coil being towards the top of the page.




AMS minimum

Figure 5-2 Stereographic projection of the three principal axes of the AMS
ellipsoids. The number of data points for each projection is 1170.
The contour interval increase from the expected value of 11.7 per
1% unit area by 2 standard deviation (S = 2.394) up to 28S for the
minima and maxima, and 125 for the intermediale axes,
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(K,), shape of anisotropy (T), and the degree of anisotropy (P)).

5.2 AMS Results

The AMS results are separated into three sections. The first analyses the
mean susceptibility in order to define the magnetic mineralogy of the samples. This
discussion can be found in the previous chapter in sections 4.3 and 44. The
second considers the orientation of the ellipsoids' principal directions in order to
define the AMS foliation and lineation. A detailed discussion of the regional
variation of the AMS fabric can be found in Chapter 6. Lastly, the shape and
degree of anisotropy of the AMS ellipsoid is described using the P, and T,
parameters of Jelinek (1981). These are closely linked to the magnetic mineralogy
and will be presented below.

The AMS study included 1170 cores, measuring 25 mm in diameter and 22
mm in length, drilled from 434 oriented samples (2 to 4 cores per sample). Plotted
in Figure 5-2 are the stereographic projection of the principal axes of the AMS
ellipsoid. Peak contouring trend and plunge of the minima, intermediate and
maxima axes are 045/85 270/09 and 180/00 respectively. Maximum and
intermediate cluster within the plane of the AMS foliation represented by the poles
to the minima axes.

The AMS foliation predominantly dips 10° to 20° to the east and west. The
circular-normal distribution of the minima axes declinations (poles to foliation) in

Figure 5-3a illustrates the preferred dip direction of the AMS foliation planes. The
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Figure 5-3a  Circular -normal distribution of the percent frequency distribution of the AMS
maxima and minima axes declinations (n = 1170).

circular-normal distribution of the inclinations for both minima and maxima are
plotted in Figure 5-3b. The inclination of the minima axes concentrate at the 70 to
80 degree interval, however the variation of the distribution’s amplitude is small.
In other words, each inclination interval is represented by a substantial population,
unlike the circular-normal distribution of the maximum axes inclination. The
expression of the these contrasting circular-normal distribution of minimum and
maximum axes inclinations can be seen in the stereographic projections of Figure
5-2a. The strong unimodal distribution of K, axes expresses a cluster distribution,

whereas the tendency towards a uniform distribution seen in the K, axes
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Figure 5-3b  Histogram of the percent frequency distribution of the AMS maxima and minima
axes inclinations (n = 1170).

distribution express a partial girdle on the stereographic projection.

The AMS lineation, represented by the direction of the maxima axes, cluster
more and give a higher modal frequency than the minima axes. Histograms of the
declination and inclination (Figure 5-3a and b) of the maxima show that the
lineation predominantly plunges less than 20° and trends N-NNE and S-SSW.

In chapter 7, the origin of the partly tectonic AMS fabric will be discussed and
interpreted on a regional scale.

5.2.1 Shape and Eccentricity of the AMS Ellipsoid

The anisotropy of the magnetic susceptibility ellipsoids can be defined by two
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parameters, its shape (oblateness or prolateness) and its degree of eccentricity.
The Jelinek (1981) shape parameters T, and eccentricity parameter P, will be used
in this study and the plot can be seen in Figure 54. The number of data points is
418,each representing the mean P, and T, values from several cores of each
sample. The S1298.exe computer program which contours the Jelinek plot currently
allows only a maximum number of data points of 500, which explains the use of the
sample means.

The AMS ellipsoid is slightly oblate with a shape parameter, T,, of mean and
standard error of 0.12 + 0.01 and an eccentricity, P;, of 1.41 £ 0.06. These are the
mean parameter values for the sample mean data set (n = 418). The mean and
standard error of T, an P, for the entire core data set (n = 1170) are 0.12 + 0.01 and
1.66 £ 0.13, respectively. The tendency of the AMS fabric toward oblateness may
also indicate that a primary sedimentary fabric remains, where oblateness results
from compaction preferentially flattening the mineral content within a common plane
parallel to bedding (S-tectonite). The superimposed tectonic fabric, where the L-
fabric is well developed, has reduced the oblateness of the AMS ellipsoid, lowering
T; value, and producing a fabric where S(dominantly remnant of the primary fabric)

component is slightly larger than the L(tectonic fabric) component.

5.3 Summary of AMS
The complete list of the AMS data, orientation and magnitude of principal

axes, mean susceptibility, P; and T, can be found in APPENDIX B. The AMS fabric
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is partly tectonic, as will be argued later in Chapter 7. Magnetic foliation planes dip
moderately to shallowly east and west, inclined to bedding, while the magnetic
lineation predominantly trends N to NNE and S to SSW with a gentle plunge of
about 0° to 20°. The ellipsoid is slightly oblate and moderately eccentric, no doubt

a resuit of the remaining primary sedimentary fabric due to compaction.




Chapter 6 - Anisotropy of Anhysteretic Remanent
Magnetization (AARM)

6.1 Introduction

The anisotropy of anhysteretic remanent magnetization (AARM) adds a
dimension to the analysis of a magnetic fabric by isolating the fabric of the
ferromagnetic minerals: those able to acquire a magnetic remanence.

A sample acquires an anhysteretic remanent magnetization (ARM) by
exposing it to a decaying alternating field (AF) that randomizes the spin moments.
Simultaneously, over at least part of the AF range, a small direct current (DC) field
is imposed. This is sometimes called the bias field. Measurements for this study
were done using a Sapphire Instruments Si-4 non-tumbling alternating field
demagnetizer. In this study, using the laboratory's previous experiences, the AF
decayed from a peak intensity of 100 mT and a DC field of 0.1 mT was applied
during the decay window of the AF between 60 to 0 mT. The relationship between
the remanent magnetization and the applied DC field is expressed by the following

equation

Mr =i 'k k ﬂH) Eqn:- 5'1

where, M, is the remanent magnetism, k is a second rank symmetric tensor, and f{H)

is a function of the applied DC magnetic field.
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6.2 Measurement Procedure

The measuring procedure follows the same Nye's seven orientation scheme
used for the AMS measurements (Figure 5-1). First, the sample is demagnetized
by an AF decaying from a peak value of 100 mT to zero (AF,y) in the first three
orthogonal positions of the Nye's scheme. Subsequently the sample is exposed to
the AF,,, superimposed on a DC field in all seven orientations and the ARM
intensity is measured after each orientation. The ARM intensity is measured with
a JR-5 spinner magnetometer, which has an accuracy of 0.001 mA/m. The seven
orientations of the ARM measurements are collected by the computer program
Spin98.exe design by Dr. G. J. Borradaile. The data is then transferred to the
S1298 exe computer program, also designed by Dr. G. J. Borradaile, which
calculates the three principal axes of the anisotropy of ARM ellipsoid, AARM_,,,
AARM,, and AARM,,,..
6.2.1 Sample Screening Processes

The measurement procedure for determining the AARM is time consuming,
with an average time per sample of 20 to 25 min. For this reason, it is more
efficient to develop a screening process to identify the samples which will yield a
meaningful AARM. Such samples need to carry a ferromagnetic mineral capable
of acquiring a remanence, as well as a sufficiently high concentration of this mineral
in order for the intensity of the remanence to be measurable by the instrumentation.

The first screening test eliminated the samples with negative low field

induced magnetic susceptibility as found from the AMS study. With a negative
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susceptibility, indicating a diamagnetic bulk response due to calcite, it is unlikely
the ferromagnetic concentration will be sufficient, that is if ferromagnetic minerals
are even present. Thus, 430 cores were rejected (37% of total cores, leaving 740
measurable cores for the AARM study).

A common way of further screening for an AARM study is to determine the
intensity of their natural remanent magnetization (NRM). If the sample yields an
NRM intensity greater than 1 mA/m the sample was accepted. This method of
screening was used for 20 samples , all of which were accepted. However this
process is also time consuming (~ 5 minutes per sample).

Therefore, a more rapid screening process used isothermal remanent
magnetization (IRM) as a potential tool for quickly removing unsuitable samples for
the AARM study. The procedure entailed applying an IRM of 100 mT (IRM,4,) in the
-x direction (horizontal to the top of the core) using a SI-6 pulse magnetizer and
then measuring the intensity of the IRM in that direction with a Molspin spinner
magnetometer. A total of 42 samples were given IRM,,, and produced intensities
ranging from 35 to 4269 mA/m. By trial and error it was determined that a minimum
IRM,, of 40 mA/m was needed in order to produce a sufficiently measurable ARM.
AARM was then measured on those samples meeting that criteria (37 samples).

Processing the data revealed suspicious AARM principal directions when
compared to AARM principal directions obtained from 20 samples not exposed to

the IRM,,, but selected by the much lengthier NRM intensity selection criterium.



Figure 6-1 Stereographic projection of the suspicious AARM principal directions of the 37
samples exposed to an IRM,, in the screening process. Circles = minima axes,
triangles = intermediate axes, and squares = maxima axes.

Their AARM minima axes clustered about an axis trending in the x direction and
dipping approximately 20 degrees in the lower hemisphere of the stereographic
projection (Figure 6-1). AARM maxima and intermediate axes directions formed a
girdle striking in the y direction and dipping approximately 70 degrees to the -x

direction. These results suggest that the AF,y, applied in the -x direction is not




Two samples, FL98237B and FL98238D, were chosen o test what AF
maximum peak intensity (AF,) was needed to clean IRM,q, from these rocks. First,
the NRM was measured with a JR-5a spinner magnetometer. Secondly, an IRM, o
was applied in the x direction followed by a three axes AFy demagnetization and
finally measuring the remanent magnetization intensity and direction with the JR-5a
spinner magnetometer. This second step was repeated for AF peak intensities of
100, 150, 160, 170, 180, 190, and 200 mT (Table 6-1; steps 1 through 9). Sample
FL98238D was cleaned of its IRM, o, by an AF between 190 and 200 mT. In sample
FLO8237B, an AF field of 200 mT (the maximum AF field generated by the Si4 AF
demagnetizer) was able to scatter the IRM direction.

demagnetizer could not confidently clean all samples of the imposed IRM, this

method was not used.

Table 6-1

adequate to clean an applied IRM,,, along the same direction.

Since the Si-4 AF

Measurements of magnetic remanence orientation and intensity of

sample FL98238D in order to clean an applied IRM of 100 mT in the x direction
(360/00) (steps 1 - 10) and then cleaning of the thermally acquired self

magnetization obtained in step 10 (step 11 - 12).

Step Treatment

none (NRM)

AF demag 50 mT
AF demag 100 mT
AF demag 150 mT
AF demag 160 mT
AF demag 170 mT
AF demag 180 mT
AF demag 190 mT
AF demag 200 mT
Th demag 100 “C
AF demag 50 mT
AF demag 200 mT

Declination
352
2
ase
358
T

0

0
ass
3ap
359
359
0

Inclination
57
-1
g

2
24
32
10
13
26
0
-1
1.5

Intensity (mA/m)
1.15
28.93
0.57
0.19
0.10
0.14
0.09
D.12
0.05
230.02
26.50
1.03
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Finally, the samples were screened by simply applying an ARM in the one
direction and measuring the acquired intensity in the given direction with the
Molspin spinner magnetometer. The ARM consisted of an AF,,, superimposed on
the DC field of 0.1 mT through the AF window of 60 to O mT. The sample was
rejected if the acquired intensity was less than 1 mA/m. This screening process
was performed on 269 samples, of which 81 were rejected. Of course, since the
AARM principal directions are unknown, the one-step ARM could have been
applied in a low-ARM direction. This probably lead to the rejection of some
samples for which AARM could have been adequately measured.

The total amount of cores that satisfied my criteria for the AARM study is
201.

6.2.2 A Case of Thermally Acquired Self-Remagnetization

An alternate method to clean the samples of the IRM is by thermal
demagnetization. Sample FL98238D (the same sample from above which was
cleaned of its IRM by an AF of 200 mT) was again subjected to an IRM,, in the x
direction. The sample was then heated to 100 °C in a thermal demagnetizer and
was maintained at that temperature for 5 minutes before slowly cooling down.
Afterwards, the remanent magnetization was measured with the JR-5a spinner
magnetometer. The declination and inclination of the remanence was not deflected
from orientation of the applied IRM,, however the intensity of the remanence, after
thermal demagnetization, was 230 mA/m (step 10 in Table 6-1), where prior to

thermal demagnetization the remanence intensity was only 0.05 mA/m (step 9 in
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Table 6-1). Such an intensity has not been seen in these samples with AF
demagnetization, in fact the largest intensity was 28 mA/m measured on sample
FLS8238D after AF, demagnetization.

Remagnetization during thermal demagnetization could result from
contamination due to inadequate shielding of the furnace from the external earth
magnetic field. However, | do not believe this to be the cause of the present
observation. The thermal demagnetizer used has a four layer mumetal shield, non-
inductively wound fumace with ceramic walls and Al,O, wool insulation. It is a well
tested instrument that has produced very good results on numerous other samples
of various rock types. Moreover, there has been no evidence of contamination in
concurrent routine paleomagnetic studies.

Thermally acquired self-magnetization is rarely seen but has been observed
in samples containing pseudo-single domain magnetite. Perhaps, in this case,
thermal demagnetization does clean the remanence within the pseudo-single
domain magnetite grain while not completely cleaning the trans-domain remanence.
During cooling, the uncleaned remanence between domain walls could remagnetize
the pseudo-single domain magnetite grains. This self-acquired remagnetization is
a soft remanence magnetization and is easily cleaned by a small AF
demagnetization. Therefore, in order to determine whether this process occurred
to sample FL98238D, the sample was demagnetized at an AFg, and AF,,, We
would expect to obtain similar remanence intensities to those obtained during the

first AF demagnetization treatment. Table 6-1(steps 11 and 12) shows that
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A) Minimum

B)

C)

Figure 6-2 Stereographic projection of the three principal axes of the AARM
elipsoid, The number of data points for each projection i 201,
The confour interval increase from the expected count of 2,01 per
1% unif area by 2 standard deviation (S = 0.992) up to + 145 for
the minima, +85 for the infermediate, and + 205 for the maxima axes.
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expected results were obtained. Consequently, there is evidence to believe the
magnetite present in these rocks has a high coercivity of remanence (mean and
standard error of H_, is 29.70 + 1.40; see chapter 3), that the grains are pseudo

single domain and they can self-remagnetize when thermally treated.

6.3 AARM Results

The AARM study included 201 cores located throughout the study area. A
discussion and interpretation of AARM regional variation is found in Chapter 7.
Presented here, will be the overall orientation and magnitude of the three principal
axes of the AARM ellipsoid, as well as its shape and eccentricity.

The orientations of the three principal axes are plotted on stereographic
projections in Figure 6-2. Peak contouring trend and plunge of the minima,
intermediate and maxima axes are 145/48, 279/25 and 022/24 respectively. The
AARM,, axes are the poles to the AARM foliation, while usually the AARM,
represents the orientation of the AARM lineation. We will see in section 7.3.2 that
in some areas the AARM fabric is a composite result of the S, and the partially
overprinted magnetic foliation planes. In these areas, the AARM lineation is
represented by the AARM,, axes.

6.3.1 Shape and Eccentricity of the AARM Ellipsoid

The AARM ellipsoid is characterized in the same manner that the AMS

ellipsoid was described. The Jelinek plot is illustrated in Figure 6-3. The

distribution is clearly bimodal, One mode, defined by 114 data points, describes



......

.
¥ e
L

1.2 1.4 , 1.6

t

1.8

2.0

Contours: 0-1%, 1-6%, 6-11%,
11-16%, 16-21%. 21-26%

AARM

Contours: 1-6%, 6-11%, 11-16%.
16-21%, 21-26%, 26-31%

Figure 6-3 c:unlumdmnwnmmmmumm&mmmmmmam[dunedumj.

The number of data points for each fabric Is 201,




-96-
a neutral ellipsoid where P;. 1.13 £0.01 and T; = 0.10 £ 0.02. The second mode,
defined by 67 data points, describes an extremely oblate ellipsoid, where P, = 1.12
+ 0.01 and T, = 0.93 £ 0.02. Regionally, both fabrics are homogeneously
distributed. A lower degree of eccentricity reflects the absent contribution of the
platy clay minerals and the primary sedimentary fabric which dominated the non-
tectonic component of the AMS fabric. Magnetite, the ferromagnetic contributor to
the AARM fabric is typically considered to have grains that are dimensionally and
thus magnetically prolate. Therefore, an oblate fabric, may be interpreted due to
tectonic control scattering grain prolate ellipsoids to give an orientation distribution

that generates a more strongly oblate AARM fabric.

6.4 Summary

A complete list of the AARM data, orientation and magnitude of principal
axes, mean intensities , P, and T, can be found in APPENDIX C. The minima axes
cluster to define a foliation plane which dips about 40° to the NE. It will be argued
later in Chapter 7 that the AARM lineation is represented in some cases by the
AARM maxima axes and elsewhere by the AARM intermediate axes. The AARM
ellipsoids are more oblate and less eccentric than the AMS ellipsoid perhaps due
to tectonic controls scattering prolate magnetite grain (the ferromagnetic mineral
present, established in Chapter 4) producing in some areas a flatter AARM fabric:

whereas a primary fabric of clay minerals controls the AMS fabric.

|
|
}



-97-

Chapter 7 - Interpretation and Discussion

This chapter will discuss the interpretation of the orientation of cleavage (S,),
AMS and AARM. First, each data set will be approached individually. Secondly,

relationships between data sets and tectonic regimes will be examined

chronologically.

7.1 Bedding (S,), Cleavage (S,) and Vergence
7.1.1 Orientation and Regional Distribution

A complete list of the bedding and cleavage measurements can be found in
APPENDIXA. The regional variation of the stylolitic cleavage orientations measured
in the field are presented in Figure 7-1. Plotted are the mean measurement at each
outcrop where cleavage was present (total of 171 outcrops). The first observation
is that S, is not parallel to the bedding planes (S,), which dip gently to the north and
south (Figure 7-2). The angular discordance of S, and S, confirms that the
cleavage was not due to diagenetic compaction and cementation. Furthermore, the
photograph and line diagram in Figure 7-3 clearly demonstrates bedding stylolites
being cut by tectonic stylolites. Note that where S, stylolite cuts across the S,
stylolite, the S, stylolite is displaced by 1.42 cm, indicating that this thickness of
limestone was removed on a single tectonic (S,) stylolite. Note that the thickness

of insoluble residue on the S, stylolite between its intersections with the S, stylolite

is of 0.82 mm and the thickness of the S, stylolite outside this zone is 0.25 mm.
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Therefore 70% of the insoluble residue was accumulated during the S, tectonic

pressure solution event. This defines a ratio of accumulated insoluble residue

resulting from tectonic pressure solution relative to diagenetic pressure solution of

23t

The stereographic projections of the poles to the cleavage planes in Zones
1 through 6 illustrates that S, has a steeper dip than bedding. Table 7-1 lists the
calculated contouring peaks for each zone. All zones have more than one cluster,
generally two clusters are present and in Zone 2 there are 4 clusters identified. The
dips of the cleavage planes consistently range between 12° and 29°. In Zone 4,
there is an additional peak which corresponds to a cleavage dipping at 56°. This
cleavage is an exception related to an Early to Middle Miocene compressive

tectonic regime which produced the Yeresa fold and thrust belt along with 3 of the

Table 7-1 A list of attitudes of the contouring peaks in each zone. The listed
orientation is the trend and plunge of the pole to the principle cleavage plane for the
corresponding peak. In brackets the intensity of the peak is given by the multiple
of the expected value (E) if the data was distributed homogeneously on the
stereographic projection (expected value E is equal to the number of data, n,
divided by 100). Also given is the vergence direction defined by each peak.

Zone Contouring Peaks

1 230 /85 (11.75E)
202 /78 (11.32E)

111 /81 (8.90E)
036 / 67 (7 47E)
333/ 66 (7.45E)
204/ 63 (6.88E)

286 / 65 (T.ME)
005 / 68 (8.33E)

215/ 3 (12.10E)
213/ 71 (B.TIE)

023/ 84 (18.58E)
216 /82 (13 55€)
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compressive lineament (Figure 7-4). For the following discussion, the
tectonic compression cleavage in Zone 4 will be put aside and considered
later in the chapter.

The consistency of the cleavage dips suggests that the strain
producing S, was approximately coaxial in individual subareas across the
region. There is no evidence of rotation of S, with progressive strain and
together with the stylolitic nature of S,, suggests a pure shear origin for S,.
Although some fabrics develop with a shear component as transpressive
shear, combining pure shear and a shear strain, this does not appear to be
the case here (see Figure 2-4 for definition of pure shear, transpressive and
the hypothetical simple shear).

In kinematics, vergence characterizes the angular relationship
between a certain fabric and the one that preceded it. The common use of
vergence relates bedding and cleavage in order to define the direction
towards which the fold axes lean. The great variability of the dip direction
of the cleavage produces equally variable vergence directions. Figures 7-5,
7-6 and 7-7 are photographs of three samples which all exhibit a different
cleavage bedding angle and consequently different intensity or direction of
vergence. Note in Figure 7-6 the displacement of bedding stylolites at the
base of the oxidized bed, on S, stylolites. And in Figure 7-7 note the relative
intensities of S, and S, pressure solution, approximately equal in

significance.
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Figure 7-5

Photograph of sample FL98031. Sample was recriented and a verical face parallel
to 320"azimuth was cut exposing the S5, stylolitic cleavage. Bedding was not
present at this outcrop, however this face cul clearly shows a second consistent
stylolitic orientation which is most likely parallel to bedding. It is evident that these
are older than the 5, stylolites because they are cut by 5,. Oulcrop location
may be located on MAP SHEET A at the back.
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Figure 7-6 Photograph of sample FL98117. Sample was reonented and a vertical face paralle

1o 030"azimuth was cul exposing the S, slylolitic cleavage Verge
southweslery direction. Mole the displacement of bedding stylolite
xidized bed on S, stylolites. Outcrop location is indicated on MAF |
back
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In the study area, folds are very gentle and open, but vergence may still be
determined indicating the direction of the kinematic movements. Regionally, the
vergence directions, and consequently the directions of movement, do not produce
a very clear pattern; however it appears there is some preferred orientation to the

push directions (Figure 7-8).

Figure 7-8 Variation in cleavage
vergence directions for each
zone of the study area (zone
is marked by the number at
the end of the amows).

7.1.2 Interpretation
In order to interpret the cleavage vergence, and in later sections the results

of the AMS and AARM studies, we must consider the tectonic settings which may
have caused instability in the region. Since the deposition of the sedimentary
cover, there have been two principal sources of instability for Cyprus. Firstly, the
continued uplift of the ophiolite complex with periodical increases in rates of uplift

in localized areas such as the Limassol Forest Block (Early Miocene) and Mount
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Troodos (Pleistocene). Tectonic activity associated with uplift would include

principally gravity sliding of the sediments away from the uplifting mass. The

second source of instability is a subduction zone which presently runs south of the
island but at the beginning of the Miocene was situated north of the Troodos
ophiolite along the structure presently called the Kyrenia lineament (Figure 7-4).

Since the Miocene this active subduction zone produced compressional
effects, predominantly seen in the Yeresa fold and thrust belt. Moreover,
extensional effects were also generated as numerous fault bounded basins in the
south and southwest regions of the island. The southward migration of the
subduction zone from its original northemn location introduced southwesterly
compression in the south and southeastern parts of the island later. Once the
subduction zone was located in its present position, continued southward migration
of the subduction zone trench caused extension of the overriding northern plate
(Figure 7-9). The term supra-subduction tectonics will be used here to describe an
area under extension located above a subduction zone.

In Zone 4, where the vergence is to the SSW, we can confidently interpret
this southwesterly directed push as evidence of the Early to Middle Miocene
localized rapid uplift of the Limassol Forest Block producing the well known fold and
thrust belt in the area. This tectonic setting also causes the SW vergence found in
Zones 5 and 6. Outcrops yielding SW vergences for this area are located in the
southwestern corner of Zone 5, in proximity to the Ayia Mavri lineament. In the

Zones 1, 2, 3 and 6, where vergence directions are more scattered, the




-
Southward migration
of subduction zone french

Figure 7-3 Schematic illustration of a supra subduction
exiensional regime. The ovemiding plate
exdends to compensate for the gap caused by
southward trench migration.

interpretation is somewhat more intricate.

| believe we can dismiss any explanation directly related to subduction for
generating the cleavage in these other zones. Under a compression or extension
regime, | would expect a clearly dominant single SW vergence direction much like
in Zone 4. Since this is not the case here, | credit gravity sliding, in response to
continued regional uplift, as a contributor to the development of the S, stylolitic
cleavage. If the Troodos ophiolite was the only uplifted or higher elevated region,
vergence directions would be consistently away from the ophiolite complex, in the
direction of gravity sliding. Therefore, to the west, south and east of the Troodos
Complex, vergences would have southwesterly, south and southeasterly directions,

respectively. Once again, results illustrated in Figure 7-8 and listed in Table 7-1
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HIGH

Figure7-10  Schematic illustration of a basin and high topography
which may explain the wvariable S, wvergence
directions. Black arrows represent the possible
vergence directions which could arise from such a
topography. Such a model would produce multiple
vergence directions, as is the case for the cleavage
vergence directions of the study area.

do not entirely agree with this scenario.

Sedimentary facies studies have identified numerous basins in the southerly
regions of the island (Orszag-Sperber et al., 1989, Eaton and Robertson, 1993:
Stow et al., 1995). These basins must have been surrounded by higher elevated
terrain that produced other possible gravity sliding directions, push directions and
vergence directions. Further evidence of uneven topography comes from debris
flows and slump folds showing displacements from the north to the south and also

| from the south to the north (Eaton and Robertson, 1993).

| believe the best possible interpretation of the multiple push directions

observed across the region comes from a basin filled topography, with several

higher elevated terrains as sources of localized gravity sliding, and continued uplift
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as the mechanism initiating regional gravity sliding (Figure 7-10). Zone 4, being the
exception, has a constant unidirectional SW vergence. In this case, a subduction
zone migration from the north to the south initiated a compressional front which

thrusted the uplifting Limassol Forest Block southward and produced the four

WNW-NW / ESE-SE compression lineaments.

7.2  Anisotropy of Magnetic Susceptibility (AMS)

The regional results of the AMS magnetic foliation and lineation are
presented in Figures 7-11 and 7-12, respectively. Plotted are the spatial averages
calculated at stations located at one kilometer intervals in both the N-S and E-W
directions. At each station, the measurements found within a 2.5 km radius are
weighted in inverse proportion to their distance away from the station and then
averaged. The spatial averaging is performed by Spheristat, a software program
designed by Dr. Bob Stesky (APPENDIX B, Figures B-1 and B-2).

7.2.1 AMS Foliation

The AMS foliation, represented by the K, axes of the magnetic susceptibility
ellipsoids, is in part tectonic, but retains a strong primary sedimentary fabric
component. Everywhere the K, axes, poles to the AMS foliation planes, are nearly
perpendicular to bedding. One striking difference between the AMS foliation and
bedding planes is the difference in the shape of the clusters of data. The poles to
bedding planes forms tightly grouped clusters. The poles to AMS foliation planes

form clusters that are slightly dispersed in an E-W direction to form a weak partial
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Figure 7-12 Regional variation of AMS lineation. Mean direction of lineation for each zone is indicated by the arrows
found beneath the zone box.
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girdle, where "zone-axis" defines the lineation. Therefore from a horizontal position,
the AMS foliation planes vary by scattered east and west dips.

We can obtain an AMS magnetic vergence by examining the relationship
between the AMS foliation plane and the bedding plane. Generally, vergence of a
certain folding event is determined by the relationship of its axial planar cleavage
with the planar fabric that immediately preceded the folding. In this case, the
vergence of AMS foliation plane should be considered vis a vis the cleavage plane.
However the orientation of the cleavage planes is highly variable across the study
area, partly because of its stylolitic nature. For this reason, the AMS vergence is
determined always with respect to the bedding plane. The fact that folds of bedding
are generally subdued and open validates this approach. That is, bedding was
essentially planar even after F, / S, event occurred.

The AMS vergence directions consistently characterize a push directed away
from the ophiolite complex (Figure 7-13). Tectonically, this vergence pattern is
compatible with regional gravity sliding caused by the uplifting of a single area.
Unlike the highly variable S, vergence directions influenced by basin topography,
the AMS vergence direction clearly point away from the center of tectonic uplift, the
Troodos ophiolite complex.

In Zone 4, the SW AMS vergence direction favours a push in the SW
direction. This does not correlate with the mechanism of gravity sliding where the
Troodos ophiolite complex is the tectonic uplift center point. However, gravity

sliding may still be the active mechanism if the Limassol Forest Block is the center




-115-

AMS Vergence

3
Figure 7-13 Variation in AMS vergence
directions, with respect to
bedding, for each zone of the
study area (zone Is marked by
the number at the end of the
armows).
point of tectonic uplift. Additional evidence will be given later relating the AMS
vergence to the Early to Middle Miocene tectonic uplift of the Limassol Forest Block.
Therefore, like the other regions, gravity sliding can explain AMS vergence direction
obtained in this zone but the source driving the gravity sliding, in zone 4, is different
from that of the other regions.
7.2.2 AMS Lineation
The AMS lineation is represented by the K., axes of the magnetic
susceptibility ellipsoids. A primary sedimentary fabric with no tectonic overprint and
no strong current alignment should have well clustered minima axes perpendicular
to the bedding plane and maxima and intermediate axes scattered along the

bedding plane. A primary sedimentary fabric which is partly overprinted by a

tectonic fabric will also have minima axes clustered normal to the bedding and
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maxima and intermediate axes along the bedding plane. However, the maxima and

intermediate axes will form two distinct clusters along the bedding instead of being
scattered. In the event that the primary sedimentary fabric is completely
overprinted by the tectonic fabric, the maxima axes are well clustered in the
magnetic lineation direction while the minima and intermediate axes form elongated
clusters defining a common plane.

The AMS results for the study area define a clear magnetic lineation from the
cluster of K, axes which lies within the bedding plane or AMS foliation plane. The
K.« @xes also form a cluster within the plane of bedding or foliation. Therefore,
following the statements mentioned above, it can be said that the AMS fabric is in
part tectonic, where K, axes represent the AMS lineation.

The mean AMS magnetic lineation directions can be seen at the bottom of
each zone box in Figure 7-12. In each zone, the lineation is similar to the
corresponding AMS vergence direction. The lineation directions are more or less
all directed N-S with a slight deviation towards the AMS vergence direction of that
zone. Zone 4 however, does not follow the trend. The compressional front seems
to be the dominant tectonic influence in this zone. Therefore, it is not surprising the
magnetic lineation direction deviates from the average N-S direction to a NNW-SSE
direction. This is an attempt to align the K, axes perpendicular to the
compression direction. The angular deviation of the magnetic lineation, away from
the N-S direction, in all zones is subtle because of the incomplete overprint of the

primary sedimentary fabric at these low strains.
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Two possible tectonic situations could have produced the observed magnetic
lineations. The first takes into account the similar orientations between the AMS
vergence and the AMS lineation. If gravity sliding away from an uplifting Troodos
ophiolite complex produced the AMS fabric, then the magnetic lineation represents
the general direction of gravity sliding. The subtle change in orientation from Zone
1 to Zone 6 agrees with this first possibility.

This second hypotheses considers supra subduction extension as the
tectonic regime responsible for the AMS regional magnetic lineation pattern. As
mentioned earlier, extension within the overriding plate occurs in order to
compensate for the gap produced by the backward migrating subduction zone
trench (Figure 7-8). Backward migration of a trench (‘roll-back’) seems to be the
result of a subducting oceanic crust which is older, colder and consequently denser
than the mantle it is penetrating (Le Pichon and Angelier, 1981). The Hellenic
Trench, which is the westward continuation of the Cyprean Arc, has also been
reported by LePichon and Angelier (1981) to have undergone ‘roll-back’ at a rate
(dR/dt) of 10-20 em/yr. They determined the rate by examining the relative motions
of Africa, Europe and Turkey. Robertson (1990) states that during the Miocene
(~22 to 6 Ma) northward underthrusting (subduction) along the Cyprean Arc was
never extensive and at the most 500 km was consumed. From this information |
have calculated the subduction rate (dS/dt) along the Cyprean arc for the Miocene,
obtaining a rate of ~3 cm/yr. The relationship between the rate of ‘roll-back’ or

retreat (dR/dt) and the rate of subduction (dS/dt) (see Figure 7-14) can be of three
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Figure 7-14  Schematic diagram illustrating the
relationship between the rate of
‘roll-back’ or retreat (dR/dt) and the
rate of subduction (dS/dt).

types. These include scenarios where dS/dt = dR/dt, dS/dt > dR/dt, and dS/dt <
dR/dt.

The first case, where dS/dt = dR/dt, would produce a tectonically stagnant
situation. That is, neither compression or extension would occur. When
compressive deformation (folding, mountain building) occurs at a plate boundary,
dS/dt > dR/dt. The third scenario, describes a situation where dS/dt < dR/dt and
extension deformation (normal faulting, basin formation) is favoured. If we relate
the calculated subduction rate of the Cyprean Arc, for the Miocene period, of 3
cmlyr to the rate of retreat of 10 - 20 cm/yr along the Hellenic Arc quoted by
LePichon and Angelier (1981), with the assumption that dR/dt along the Cyprean
Arc would be similar, tectonic extension would be the favored scenario with dS/dt
<<dR/dt.

Once started, backward migration of a trench should only cease when the
denser lithosphere has been entirely consumed or when the arc collides with a
continental crust (Lonergan and White, 1997). In the case of the Cyprean arc,

Early Pliocene termination of the southward migrating trench and slower subduction
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rates may have been caused by the arc colliding with the Eratosthene Seamount.

The supra subduction extension hypotheses would produce variable
extension directions in the overriding plate. At different position along the trench,
the extension direction would remain perpendicular to the strike of the trench.
Figure 7-11 illustrates the relationship between the regional magnetic lineation and
the shape of the Cyprean Arc. The sympathy between the two (including Zone 4)
validates this second possible tectonic situation.

7.2.3 Summary of AMS Fabric

In Chapter 3 the magnetic mineralogy controlling the AMS fabric was
identified as calcite and quartz where the bulk susceptibility is negative, and clays
where the bulk susceptibility is positive. Within the present chapter, the AMS fabric
has been defined by its foliation, lineation, and vergence with respect to bedding.

Two tectonic situations have been suggested for the formation of the AMS
fabric. The first describes gravity sliding away from the uplifting Troodos ophiolite
complex. Both its vergence and AMS lineation direction are compatible with this
situation. The second situation describes supra-subduction extension in response
to southwards migration of the trench. Once again, lineation (exception in zone 4)
and vergence (exceptions in Zone 4 and 6) directions agree with this second
possible situation.

The apparent lack of compatibility of the AMS foliation plane orientations
with either situations, is most likely due to weak strain having insufficiently

overprinted the bedding. There are developmental stages involved in transforming
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a completely primary sedimentary fabric into a completely tectonic fabric in a
sedimentary rock as was discussed earlier in section 7.2.2. It appears that the
primary fabric component (bedding) is too strong for strain or recrystallization to
align the K, axes. However, | am under the impression that the E-W dispersion
of the poles to foliation is a move towards K, and K, defining a common plane
normal to the extension direction as the zone axis. Even if this is the case, we are
no closer deciding between the two hypotheses since extension would be in nearly

identical directions in both situation.

7.3  Anisotropy of Anhysteretic Magnetic Remanence (AARM)

The regional results of the AARM magnetic foliation and lineation are
presented in Figures 7-15 and 7-16, respectively. Plotted are the spatial averages
calculated at stations located at one kilometer intervals in both the N-S and E-W
directions. At each station, the measurements found within a 2.5 km radius are
weighted in inverse proportion to their distance away from the station and then
averaged. The spatial averaging is performed by Spheristat, a software program
designed by Dr. Bob Stesky (APPENDIX C, Figure C-1 and C-2).

7.3.1 AARM Foliation

The AARM foliation planes, represented by the minimum axes of the
anhysteretic remanence ellipsoids, are consistently oriented throughout the study
area. Zone 4 defines a different foliation direction. The poles to foliation cluster in

the southeast quadrant, in Zones 1, 2, and 3, illustrating a foliation plane dipping
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Figure 7-15  Regional variation of the AARM foliation. Superimposed on the stereographic projections are the
principal directions (maximum = 3, intermediate = 2. minimum = 1) and principal planes of the
contoured data.
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Figure 7-16  Regional variation of the AARM lineation directions. Mean direction for each zone is indicated
by the arrow found beneath the zone box. Black arrows represent a composite lineation.
Grey arrows represent a compression lineation.
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~45° to the NW. Zone 4 has a foliation plane dipping to the NE by ~15°. Zones
5 and 6, to the east of the study area, define average foliation planes with much
shallower dips than in the first three zones to the west, of 25° and 10° respectively.

In the same manner that we defined an AMS vergence, we can determine the
AARM vergence, with respect to bedding. Generally, the AARM fabric develops at
least partly later than the S, cleavage and AMS fabric. Therefore, for the same
reasons discussed in section 7.2.1, it is advisable to use the relationship between
the AARM foliation plane and the bedding plane to determine the AARM vergence.
It is most unlikely that the AARM fabrics developed prior to the AMS fabric, but
since AARM vergence is determined with respect to S,, this is of no concern. AMS
foliation planes and S, are essentially not folded, both being sub-horizontal to
horizontal. Furthermore, the AARM foliation is everywhere steeper than both AMS
foliation and S, maintaining a similar angular relationship with both.

Figure 7-17 shows the AARM vergence directions for each zone. They
range from ESE to SSE, except in Zone 4 where the vergence is directed to the
WSW. For most of the study area this implies a push coming from the NW directed
to the SE, in complete contrast with AMS and S, vergence directions.

In Zone 4 the push is coming from the NE and directed to the SW, which is
identical to both the AMS vergence and S, vergence for the same area. The AARM
magnetic lineation will confirm that the SW AARM vergence developed in response
to a localized NE-SW maximum compression direction, continued from the time of

S; and AMS development.
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7.3.2 AARM Lineation
The AARM lineation, represented by the maximum axes of the anhysteretic
remanence ellipsoid, is every where directed dominantly to the NE. This is a
composite fabric between AARM foliation and S,, caused by the AARM vergence,
where AARM,,, axes represents the intersection lineation between S, and AARM
foliation. Since S, is nearly horizontal, the intersection lineation is shallow dipping
and trends parallel to the strike of the AARM foliation planes (Figures 7-18).
Consequently, the AARM fabric, of most of the study area, is not purely tectonic.
Zones 4 and 5 have two distinct magnetic lineation directions. One is
oriented NE and SW, coinciding with the composite fabric developed everywhere
else. The other (grey arrows in Figure 7-16) has an ESE and WNW orientation.
Samples exhibiting these extension directions are found in proximity to the Yeresa

and Ayia Mauvri lineament. We have already interpreted the AARM foliation and
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Figure 7-18  Schematic illustration of the development of the AARM lineation composite fabric.
The intermediate axes of the AARM ‘subfabrics’ for bedding and foliation planes
are parallel, combining to produce the overall longest axes of the combined fabrics.
Therefore, the regionally constant NE directed AARM lineation is of tectonic origin,
but does not directly indicate the extension direction.

vergence in Zone 4 as a result of a locally different compression direction. The
same compressional event also developed distinct S, cleavage and AMS fabric
orientations within these zones.

Close observations of the S,, AMS and AARM vergence directions for Zone
4, indicate that there is a systematic clockwise rotation of the vergence directions
from the younger S, vergence to the older, or later developed, AARM vergence.
The azimuth of vergence direction rotate as follows: 213° for S, vergence, 225° for
AMS vergence, and 258° for AARM vergence. Such a relationship indicates that

the strain responsible for the compressional regime in this isolated area was
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markedly of a non-coaxial shear nature with the crust rotating anticlockwise (see
Chapter 1 for paleomagnetic evidence).
7.3.3 Summary of AARM Fabric

In Chapter 3, magnetite was identified as the ferromagnetic mineral
controlling the AARM fabric. Above | suggested that the AARM fabric defines both
a composite and tectonic fabric. The composite fabric, producing the constant NE-
SW lineation, represents the intersection lineation between bedding and foliation
caused by a SE directed AARM vergence direction.

Only in the region of the Yeresa and Ayia Mavri lineament is the tectonic
fabric interpreted as the direct result of a tectonic compressive regime with AARM, ..
axes parallel to the X stretching direction of the strain ellipsoid. Compression is
preferred because the lineation direction is parallel to the strike of the foliation (the

X direction) and parallel to a lineament produced by compression.

7.4 Chronology Interpretation

In the previous section | identified the S, cleavage as being tectonic, the
AMS fabric as tectonic in some areas and diagenetic in others whereas the AARM
fabricis a composite fabric where the true extension direction is represented by the
AARM,, axes except in one well defined region where the extension direction is
represented by the conventional AARM,,, axes. In this concluding section, | will
clarify the chronology of various tectonic events, that affected Cyprus since the

deposition of the Troodos Sedimentary Cover. This in turn, will reveal a relative
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time frame for the development of the various fabrics.

By the Miocene period, both the Lefkara Formation and Pakhna Formation
had been deposited on top of the Troodos ophiolite, which began emerging from the
ocean in the early stages of the Miocene (Robertson, 1877). The first significant
tectonic event to affect the sedimentary cover occurred during the Early Miocene
in the vicinity of the Limassol Forest in response to renewed subduction. Payne
and Robertson (1995) suggest that the subduction zone, initially located north of
the Troodos ophiolite complex along the present Kyrenia lineament, jumped
southward to form the Cyprean Arc south of the island. Under a compressive
regime, the Limassol Forest block was similarly thrusted southwards producing the
Yeresa fold and thrust belt along the southwest margin of the block. Furthermore,
three other lineaments were formed during the compressive regime: the Akrotiri
lineament (south of the Akrotiri peninsula), the Ayia Mavri lineament (south-east of
the Limassol Forest block), and the Petounda lineament (east near Petounda point)
(Eaton and Robertson, 1893) (Figure 7-4).

All four structures trend roughly NW-SE resulting from a maximum
compression directed NE-SW. Of the four structures, the Yeresa fold and thrust
belt and the Ayia Mavri lineament are included within the present study area. The
Yeresa Fold and thrust belt deformation is characterized by south verging folds and
a well developed axial plane cleavage (Morel, 1960). Cleavage plane orientations

measured for the present study are in agreement (Figure 7-1: the stereographic

projection of the poles to cleavage planes for Zone 4). The axial plane cleavage
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defines a southwesterly vergence, parallel to the maximum compression direction,
supporting a push from the north to the south due to rapid and isolated uplift of the
Limassol Forest block during the Early Miocene.

Further evidence of the compressive event can be seen in the magnetic
fabric, defined by both the anisotropy of magnetic susceptibility and the anisotropy
of anhysteretic magnetization, of samples in Zones 4 and 5 in the vicinity of the
Yeresa and Ayia Mavri lineament.

The vergence direction of both AMS and AARM, in Zone 4, are to the SW,
paraliel to the maximum compression direction. Furthermore, the AARM magnetic
lineation in these areas clearly trend NW-SE, or parallel to the lineaments’ trend
and perpendicular to the maximum compression direction (Figure 7-16).

Commencing during the later stages of the Late Miocene, following the short
period of intense localized compression, the island of Cyprus was subjected to an
extensional regime of tectonic activities. Numerous studies observing fault planes,
slickensides, and extensional joint surfaces cutting through the Troodos
sedimentary cover have defined two extension directions since the late Miocene
until the present (Lapierre ef al, 1988, Grand ef al., 1993: ophiolite complex and
sedimentary cover of southern Cyprus; Orsag-Sperber ef al., 1989, Eaton and
Robertson, 1993: southem Cyprus sedimentary cover; Payne and Robertson, 1995:
West Cyprus sedimentary cover). Miocene and older sedimentary units in the Polis
graben area (SW Cyprus) are cut by faults and extensional joints trending 140°-

160° / 320°- 340° that correlate with a maximum extension direction of 60°/240°.
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This period of extension has been associated with a supra-subduction extension
regime by Payne and Robertson (1995). An increased rate of subduction perhaps
linked to a change in convergence orientation between the African plate and the
Eurasian plate caused the overriding slab to extend, filling the gap left by a trench
migrating southward (‘rolling-back’). Such a scenario would create an extensional
fabric in the overriding slab sympathetic to the shape of the arc. Maximum
extension direction would be perpendicular to the strike of the arc for the adjoining
area. From the discussion in section 7.2.2, the AMS fabric may very well be
expressing this tectonic event.

By Early Pliocene, slower subduction rates resumed and trench roll-back
ceased, ending the supra-subduction related extensional regime. However
extension during the Pliocene continued in a slightly different orientation forming
to the west the Pegia half-graben (Payne and Robertson, 1995), the Polemi basin
(an extension to the Polis graben) and to the south the Pissouri basin (Orszag-
Sperber et al, 1989) (Figure 7-4). Paleogene, Miocene and Quaternary
sedimentary rock units, predominantly in the south and southwestern parts of
Cyprus, are cut by younger faults and extensional joints trending 100°-130° / 280°-
310° which correlates to a maximum extension direction of 025° / 205°. The
AARM,, axes, true extension direction in AARM composite fabric is clearly oriented
parallel to the strike of these younger faults. Normally, we would expect to have
crystallographic alignment of magnetite grains parallel to the maximum extension

in an extensional regime instead of perpendicular to it, as is the case here.
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Table 7-2 Summary of the relative chronology of the various fabrics studied.

R hron
A

Proximal regions to
the Limassol Forest
Block (LFB)

S,

Early to Middle Miocene

localized uplift of LFB and
SW directed compressional
front

S,
axial planar cleavage
SSW vergence

AMS

SW vergence
NNW and SSE lineation

AARM
WSW vergence
WNW and ESE lineation

f the Fabrics in:

Southwest, South and
Southeast Cyprus

S,
S,
variable vergence directions
gravity sliding
influenced by
basin topography

AMS

vergence ranges from sw
to SE lineation oriented NNW
to NNE and SSE to ssw

Late Miocene supra-
subduction extension

Time

v AARM

? not directly related to
any tectonic event
composite fabric?




7.5 Summary

Table 7-2 summarizes the relative chronological relationship between
bedding, stylolitic cleavage, AMS lineation and foliation, and AARM lineation and
foliation.

Shortly after the deposition and probably during later stages of
sedimentation, S, cleavage was acquired due to gravity sliding of sediments in
various directions resulting from basin and ridge topography. Early Miocene
compression in the Limassol Forest Block region developed an axial planar
cleavage verging to the SW, as well as an AMS and AARM vergence directed to the
SW. Finally, Late Miocene supra-subduction extension is expressed by the AMS

lineation. However, the AMS fabric could also potentially express Pleistocene age

gravity sliding due to localized uplift of Mount Troodos.
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Chapter 8 - Conclusions

This thesis sought to define the magnetic fabric of the Troodos ophiolite
circum sedimentary succession and subsequently interpret the results to shed extra
light on the established tectonic evolution of Cyprus. In the literature, the magnetic
fabric of Cyprus rocks has only been previously tackled by Tauxe ef al. (1998) who
studied the AMS of dikes. Additionally, bedding and stylolitic cleavage data, was
collected in the field and was coupled with the magnetic fabric results.

The study incorporated predominantly samples from the Lefkara and Pakhna
Formations (Miocene and older sediments) of the sedimentary succession with
some sedimentary rock samples of Pliocene and younger age. Tectonic activity
affecting the sedimentary succession include (Chapter 1):

. the later stages of a 90 degree counterclockwise rotation of the Troodos
Microplate which terminated in Early Eocene time,

. Early Miocene age localized uplift and southwestward thrusting of the
Limassol Forest Block (LFB),

. Miocene jump of the subduction zone from a position north of the island to
a position south of the island. Continued ‘roli-back’ or migration southward
has been postulated (Chapter 7), and

. Pleistocene age localized uplift of the Troodos ophiolite complex.

It is within these tectonic settings and mechanisms that the observed petrofabric

and magnetic fabric of this sample suite were interpreted.
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The goal of this study, relating rock fabric to tectonics, could not be reached
if petrofabrics alone were being interpreted. On an outcrop scale, portions of the
study area appear completely undeformed (i.e. no folding, no cleavage).
Magnetism and magnetic anisotropy is an inherent property of all material and
provides an extra dimension to fabric studies, making tectonic interpretation of
apparently undeformed rocks possible and of deformed rocks without conventional
strain markers (Chapter 2 and 3).

Interpreting magnetic fabric does require a certain knowledge of the samples'
mineralogy. Within Chapter 4, evidence and discussion of the diamagnetic,
paramagnetic and ferromagnetic contributors were presented. Both low-field and
high-field susceptibility identified that diamagnetic minerals were an important
mineralogical fraction of the samples, where AMS measurements yielded negative
mean susceplibilities in 37% of the samples (n=1170) and Micromag resuits
identified diamagnetic matrix in ~12% of the samples (n =170). The range of mean
low-field susceptibility further suggested that calcite and quartz were the
diamagnetic minerals present. Paramagnetic contributors are in most cases clays,
given the pelagic nature of most of the sample suite. Sedimentary samples which
formed in shallower waters, and more proximal distances fo eroding land, may have
terrigenous clasts derived from the ophiolitic terrain contributing to the samples
paramagnetic fraction.

Hysteresis loop properties determined that the ferromagnetic contributor was

pseudo-single domain magnetite. = Micromag results indicated that the
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ferromagnetic content contributed more than 50 % of the susceptibility in 71% of the
samples (n=170), however mean low-field susceptibility values would indicate that
magnetite makes up less 0.1% of the cores volume (see Table 4-3) in aimost the
entire sample suite. Therefore, interpretation of the AMS fabric will reflect the
preferred crystallographic orientation of the clay minerals whereas interpretation of
the AARM fabric will reflect the preferred dimensional orientation of the magnetite
grains.

Table 8-1 summarizes the petrofabric and magnetic fabric characteristics

presented in Chapters 5, 6, and 7.

Table 8-1 Summary of study’s petrofabric and magnetic fabric results.
Characteristic S, AMS

ESE, NE, NNW,
Ssw

zone 1

zone 2

magnetic
lineation

NNW to NNE and
SSEto SSW

throughout)
WNW and ESE
(zone « ana 5/

magnetic
foliation

nearly horizontal,
dips east and west

dips 45° to the NW

P,

166 £0.13

Mode 1- 1.13 £ 0.01
Mode 2-1.12 £ 0.01

T

012001

Mode 1-0.10 £ 0.02
Mode 2- 0.83 £ 0.02
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The interpretation and discussion of these results are found in Chapter 7,
where Table 7-2 summarizes the relative chronology of the S,, AMS and AARM
fabrics and the mechanisms which possibly generated them. A history is outlined
for both the island as a whole and the region of the Yeresa fold and thrust belt.

Proximally to the Limassol Forest Block, the fabrics developed during a
single tectonic event (Early to Middle Miocene) which uplifted and thrusted the
Limassol Forest Block southwestward creating the Yeresa Fold and thrust belt and
three other compressional lineament. S,, AMS and AARM vergence all indicate a
tectonic push directed to the SW. It is an accepted view that S, would be the first
fabric to develop and that AMS and subsequently AARM would follow. Given the
relative time of formation and the apparent anticlockwise rotation of the vergence
direction in this area, | concluded that the deformation was possibly produced by
non-coaxial strain.

The fabric developed in other regions of the island seem dominantly
influenced by gravity sliding. A basin topography was suggested to explain the
highly variable S, vergence directions. AMS vergence and magnetic lineation
yielded much more consistent orientations, which have been interpreted in two
ways. The first associates the AMS to supra-subduction extension due to a
southward migrating subduction zone during the Miocene (section 7.2.2).
Secondly, the fabric may also be interpreted as expressing a Pleistocene age
localized tectonic uplift of the Troodos ophiolite complex. Since the studies rock

samples range in age between Late Cretaceous and Pliocene, samples younger
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than Miocene age could not express a fabric of supra-subduction extension, and
therefore if older samples developed fabric associated with this event, two AMS
fabric should be identifiable. Unfortunately, in this case, the fabric produced by
supra-subduction extension and that produced by gravity sliding, due to tectonic
uplift of the Troodos ophiolite complex, would result in similar AMS expressions.
The AARM fabric, away from the Limassol Forest Block, is a composite fabric
where the magnetic lineation (WNW, Chapter 6) is not expressed by the maximum
axes of the AARM ellipsoid but instead by the intermediate axes. The maximum
axes represent the intersection lineation between the AARM foliation plane and S,.

The association of the composite AARM fabric to a tectonic event was not

established.
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Bedding and Cleavage Data
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Table A-1  Field Data
Coordinates Bedding Cleavage
Outcrop  Northing  Easting Sample# Strike Dip Strike Dip
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Table A-1 Field Data
Coordinates Bedding m
Outcrop Northing  Easting Sample# Strike Dip Strike Dip Type of Cleavage
13 )
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Table A-1  Field Data -149-
Coordinates Bedding Cloavage
Outcrop MNorthing  Easting Sample# Strike Dip Strike  Dip Type of Cleavage
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6 =
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61 3866340 545800 GBFLO0E 36 24
62 3065500 548380 GBFLOO7 90 7 288 15 stytoiftic
63 386480 549000 GBFLOOS 20 3 32 3 stylolitic
0 7 205 X stylolftic
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Table A-1  Field Data -150-
Coordinates Bedding Cleavage
Outcrop _Northing  Easting Sample# Strike Dip Strike Dip Typs of Clesvege
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Table A-1  Field Data
Coordinates Bedding Cleavage
_Outcrop Northing Easting Sample# Sirike Dip Strike  Dip Type of Cleavage
104 3855848 480824 FLa&106 107 5 10 B4 spaced cleavage (jointing)
o3 2 14 8 spaced cleavage (jointing)
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o | T
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Table A-1 Field Data
Coordinates Bedding Cleavage
Outcrop  Morthing Easting Sample# Strike  Dip  Strike  Dip Type of Cleavage
58 1 250 @83 spaced cleavage (jointing)
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144 1
] "
138 3847260 2 400088  FLOB144 150 7
] 5
127 B
137 3847158 454001 FLBB145 0 6
FLSA1 48 1nz2 13
s 40
z <]
8 ad
bq| 52
28 70
N6 78
138 3846643 403428  FLOG147 58 10 45 86 spaced cleavage (jointing)
64 5 22 B8 spaced cleavage (jointing)
240 B8 spaced cleavage (jointing)
138 3846641 482921  FLOB148 136 10
ar 7
-] 4
110 B
140 3838655 454008  FLOB140 200 5
245 2
141 3838315 492143 FLOB150 8 5
47 3
142 3838058 2 488671  FLB&1S1 M0 5
74 7
350 10
143 35830860 2 487047  FLGG152 137 ] 283 86 spaced cheavage (jointing) in chalks
147 2 286 as spaced clesvage (jointing) in chalks
an 42 stylolitic
144 38309813 485703  FLB8B153 54 5
24 3
145 38308336 484642 FLOB154 164 3 264 k] shylolitic
FLEB1S5 218 1
FLS98156
148 BITHS 481837 FLOB15T 112 ] 315 10 afylolitic
130 L
149 7
147 3/3IT08 479151 FLBE1SE horz.
FLS8158
148 3837860 47523 FLB8160 . . 10 45 k| siylolitic
FLag181 66 T a2 24 shylolitic
148 3BT 473189 FLSB162 a8 10
0 4
82 10
1504 3837972 473081  FLOA1B3 7] 8 66 66 siylolitic
45 70 siylolitic
55 58 stylolitic




Table A-1  Field Data -154-
Coordinates Bedding Chaavage
_Outcrop  MNorthing Easting Sample# Strike Dip Strike Dip Type of Cleavage
508 3306887 4TO505  FL88134 s [ 182 24 shytolitc
FL88135 204 18 204 a7 shyloltic
151 3836443 468356  FLO8166 02 5 45 20 stylolitic
3z - 83 4 stylolitic
48 1 styloltic
152 3835262 45TET FLSB1ET 1™ ] 58 n shyloltic
FLOB168 168 4 B8 17 shyloltic
142 5
153 3835470 45TOBE  FLOBY6G an -] 30 28 stylolitic
346 .. 24 0 shylolitic
154 3saea2 466468 2 FLS81TO 256 26 18 55 52 (stylolitic)
30 b 114 86 52 (stylolitic)
134 63 52 (stylolitic)
54 80 51 spaced cleavage (jointing) cuts 52
42 B0 51 spaced cieavage (jointing) cuts 52
155 3636044 4B0BST  FLSAITY 98 -]
156 38363483 438372  FLOB1T2 54 -] a2 53 stylolitic
36 SO stylolitic
300 SO stylolitic
157 3837080 4B6410  FLS81T3 horz. 7O 5 shyloiitic
158 3836740 484068  FLOB1T4 116 10 108 4 stylolitic
103 52 stylolitic
158 BIT28 4E3453  FLSBITS 42 3 160 46 shylolitic
134 M stylolitic
160 383res7 484308  FLOB1TE 33 1 55 B stylolitic
42 2 82 k] shylolitic
181 3836078 483111 FLSBATT 126 10 8 26 shyloditic
FLI8178 2 1
162 3835706 488258 FL381TE 8 10 214 -] stylolitic
FLOB180 asz 3 g 13 stylolitic
1 10
163 | 463818  FLS&181 132 10 56 x stylolitic
FLO8182 30 3 stylolitic
164 3842253 463594  FL981B3 152 16
165 3842440 AE3BH3 FLS8184 2 14
b 15
166 3842686 464633  FL98185 205 T
166 2
167 3843062 465260  FLBB186 48 4
146 12
168 3843248 468811 FLO8187T k74| 12 Zro 35 shyboitic
344 2
169 3844812 488071 FLo8188 54 16
170 3844806 469215  FL9818D
1m 3845350 470448  FLO8180 218 2 24 M shylolitic
172 38456822 47148 FLoa191 34 . ]
226 28
218 20
173 38472 473074  FLo81G2 15 1 285 40 stylolitic
174 3847853 474235  FL98183 199 styloitic




Table A-1  Field Data -155-
Coordinates Bedding Cleavage
Outcrop _ Northing _ Easting _Sample# Strike Dip _Strike Dip TypeofCleavage
184 50 stylolitic
175 3848564 47SIT0  FLOBIB4 100 5 202 22 stylolitic
82 1
176 3849525 476037 FLO81SE T8 10
98 10
177 3850851 476326 FLO8196 243 2 15 40 stylolitic
¥ 5 158 M4 styhoitc
178 3851410 477802 FL98197 @8 0O
M7 s
2 15
179 3851837 478564 FL9G108 215 28
180 352445  4TO452 FL98100 182 5
108 12
181 3830371 491026 FL9E200 354 10
48 5
182 3840419 400113 FLOE201 280 &
183 3841340 400008 FLOA202 12 1 &2 33 stytoditic
88 4 8 26 stylolitic
184 3847847 4806860  FLSE203 28 35 stylolfic
4 2 stylolitic
185 3044476 488807 FLOE24 138 25 026 35 styloitic
186 3646374 486221  FLG20S s 8
187 2846714 485654 FLBE206 ™ 10
70 3
188 3847502 484850 FLSE20T SO 3 0 = styloitc
30 2 pr
180 3846700 484502 FLOE208 B2 0 10 352 45 syl
2 2 stytoitic
190 3840567 484004 FLOE200 151 S5 280 13 styloitic
191 3850240 483380 FL9E210 @2 7 1@ 18 styloltic
06 s 150 27 stytolitic
192 3850413 482300 FLeE211 121 B 100 24 styloittic
123 3 12 3 styloitic
1o = stytoiitic
193 3851037 481200 FLS8212 107 10 ©4 24 stysolitc
% 8 118 36 shylolitic
194 3851618 480822 FLOB213 104 11 205 20 stybolttic
™ 10 167 20 styloitic
195 3852065 481041 FLOE214 TP 11 55 stykoitc
/W 0 £ 54 stylolitic
26 4 B > atyioiic
198 3050217 481762 FLOBS 12 0220 4 45 stytoitc
197 3840676 481533 FLOB2IE T4 10 48 24 stytoitic
® styloittic
198 3840172 481383  FLSE217 %0 8 5 & atybolftic
%8 4 stylolitic
190 3648433 481477 FLOB218 118 7 198 45 stylolitic
200 3847673 481254 FLOG210 B8 8§ 26 = shylolitic
200 35 styloltic
201 3846002 480330 FLOEZ0 340 220




Table A-1  Field Data -156-
Coordinates Bedding Cleavage
Outcrop MNorthing Easting Sample® Strike Dip Strike Dip Type of Cleavage
202 3843803 480111 FLe&Z asa 13
88 5
209 3B451 4TET42  FLS8ZZ2 70 ]
204 Ja41925 470638  FLOBZD 0 1
205 3840869 47B58T  FLoAXM 141 11
206 3839085 4TB408  FLOAXS B4 10
07 3640536 484153  FLSAZ26 03 1" iz M shylolitic
208 3841343 403183  FL9B227 85 4 158 52 shylolitic
130 ] 168 &9 stylolitic
180 51 styloiitic
08 IB42115 45364 FLeBZ28 148 13 155 34 shybolitic
150 3 stylolitic
210 3842741 492773 FLOBZ29 12 -] 167 58 shytolitic
183 236 stylolitic
n 3842572 482035 FLoaXx 14 10 -1 n stylodtic
212 3843861 407351 FLS8ZM 80 5 32 0 siylolitic
k]| -]
23 3844565 492617  FL98232 45 5 o = shylolitic
b F4) 4
214 AB45T1S 452404  FLBAZAI T4 5 M i stylolitic
282 4D sthylolitic
216 3848550 491806  FLSSZM 43 -] T 8 styloitic
347 26 stylolitic
216 as4Ti82 481 FLO8235 160 5 .. ] .. stylolitic
24 N shybolitic
208 40 shyloditic
a7 384TISE 491888  FLBEZ36 M5 4 13 20 stylolitic
12 10 styloltic
20 2 stylolitic
30 24 stylolitic
218 Ja4To19 482281 FLOEZIT 120 -] 3% 40 stylolitic
218 384T2TS 491572  FLO&Z38 as 10
20 384B15 481438  FLSEZ 345 4 133 8 stylolitic
i@ &0 shylolitic
164 F.) stylolitic
-4 3848712 490936  FLSE240 58 B 104 13 stylolitic
26 10 stylolitic
2 3840639 400008  FL98241 138 12
175 ]
158 L]
3 3850306 FLBB242 L2 -] 20 20 stylolitic
16 7
24 3852950 457920 FLSE243 88 1
25 3852838 487811 FLOB244 M7 B 20 26 stylolitic
348 8
6 3852613 4B5BB0  FlLSE245 -] L] 2 10 stylolitic
7 3851802 486643  FLOB246 8 5 20 15 stylolitic
28 385143 486434  FLOB247 85 4 132 4| shylolitic
29 3851204 456148 2 FLoE248 ¥4 4 4a 24 shylolitic
B8 B 13 stylolitic




Bedding — Cleavage

Sirike Dip Sirike  Dip Type of Cleavage

Table A-1  Field Data
Coordinates

_Outcrop _ Northing _ Easting Sample #
30 3850751 ABRSEI2 FLBA248
pall 3850271 AR50 FLOEZS0
232 3B40504 484545 FLBE251
FLOE252

b 384181 ABAS52 FLOB253
prc 2| 3841047 450400  FLBEZS4
5 3842006 AB0G41 FLB8255
s .| 3B4319 461842 FLBA2SE
7 3843535 463075 FLR825T
38 3852580 AT 4566 FLBE258
FLB&258

s ] 3853136 AT45TE FLOE260
FLaE261

240 3853047 47521 FLB&262
241 3858552 47TBB65  FLOA2E3
242 3858801 4TEN8S FLOB26S
243 3858508 480055 FLOE265
244 385TET4 482804  FLOB2GE
245 3856847 4873 FLBB26T
246 355883 487269 2 FLOB2ES
247 3854810 487280 FLaa265
248 3853354 481579 FLO8ZTO
248 385972 4T9232 FLSBIT1
0 3853891 ATBAGH FLOBIT2
1 3854788 4TR207 FLBB2T3
252 3855670 479077 FLBBIT4
=3 3855879 4TESE1 FLBAZTS
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Table A-1  Field Data -158-
Coordinates Bedding Cleavage
_Ouicrop Northing Easting Sample# Strike Dip Strike Dip Type of Cleavage
®x @ sty
=4 a|ssTm ATE2E0 FLOBZTE a 34
a8 a0
255 3856833 477826 FLOEZ7TT 103 25 22 %0 stylolftic
e 25 stylolitic
182 50 styloutc
56 ABSET24 4TTO53 FL9827T8 08 15 300 -] shylolitic
=7 \smTT ATS51T8 FlLoazTe a9 13 116 .| shyloirtic
258 2857404 475118 FLO82B0 302 14 114 42 shylolitic
1156 24 siylolitic
13 30 shylolitic
58 3857670 473832 FLSB281 m 12
58 13
260 3854504 471198 FLBE282 m [.] Fa 18 stylolitic
58 4
281 3854027 471385 FLO&283 2ma 10 250 50 shylolitic
FLOA284 258 48 stylolitic
262 852857 AT0266 FLIB2BS 47 .
FLSE2BE
2683 3850032 FLSE2BT T2 s s 20 shylolitic
254 2846534 455813 FLS82BS k.« 15 8 0 shylalitic
218 k] shylolitic
265 3846154 453102 FLOB289 20 20
16 10
266 3842358 450795 FLOE280 148 10
267 3842534 458685 FLSB2G1 k- T
268 3848137 458TE3 FLB8282 45 30
265 3646000 450253 FLOE283 10 20 3 0 styloiitc
10 18 336 43 shylolitic
343 A shylolitic
Zro 2848388 SE0ABE FLSB204 285 18 33 k) stylolitic
FLOA2GS 52 F.. ] shyloditic
n IB4RG4S A505364 FLO8296 T8 20 213 48 shylolitic
235 2 shylolitic
460542 147 33 shylalitic
144 b+ 4 stylolitic
108 ... |
26 15 spaced (jointing)
355 56 spaced {Jointing)
14 =2
T s

b &
£t

AR



Table A-1 Field Data
Coordinates Badding Cleavage
Oulcrop Northing Easting Sample# Strike Dip Strike Dip Type of Cleavage
280 3855032 463100  FLOS306 146 0 12 18 stylolitic
200 8 125 20 shylolitic
281 3855442 463667  FLO83OT 148 10
282 3850432 2 465364 2 FLOS308 325 8 198 shylolitic
283 3860760 464810  FLS8309 B4 5
284 3861184 464853  FLOS310 335 5 240 2 stylolitic
285 3861789 465004  FL9S311 358 40 2 16 stylolitic
286 3863086 465187  FLOB312 80 15 175 A stylolitic
3 5 stylolitic
287 3864318 468279  FLO8313 60 25
FLS&314 80 24
58 30
288 3660682 454585  FLO&315 320 18 202 18 shylolitic
2688 3850306 2 4B47E7 FLOBME 283 0928 2686 2 stylolitic
200 3650555 461353 FL9&3T7 70 15
291 3850642 2 460704  FLSB31B 132 16 148 19
134 16
262 3850323 2 480223 FLO831E 120 24
125 1]
283 3856679 2 457034  FLO8320 25 [ &6 18
- 7
294 3853550 450343 FLOE321 30 0 2Im W0
00 7
295 3854003 2 451238 FLo&3x2 186 4
as: 5
266 3854807 451438  FL983Z 148 5
299 5
a7 3855423 451497  FLB&324 312 12
298 3853803 453613 FLO8325 286 9
128 a
bz 3853421 453726 FLOB326 267 20
300 3853005 454262  FLO832T 3 4 27 1 shylolitic
202 4
16 7
3 3856273 451685  FLOS328 54 20 7 45 shylolitic
a0z 3856634 2 452423 FLBG329 28 g a2 35 stylolitic
28 12 3 32 shylolitic
303 3857463 452473 FL9B30
304 3858266 2 452740  FLSA331 3 9 54 46 stylolitic
267 9 48 20 stylolitic
59 10 stylolitic
305 3858404 2 452640  FLSS332 a2 20
306 3861226 451767  FLS8333 80 6
50 4
307 3861040 2 449963 FLO8334 352 3%
352 45
308 3862528 2 440102  FLBB33S 48 1
2 18
309 3863331 448247  FLOB3I3E B4 [ 118 38 stylolitic
30 3863250 447145  FLSAS3I7 33 69




Table A-1  Field Data -160-
Coordinatss Badding Cleavage
Outcrop  Northing Easting Sample#® Strike Dip Strike  Dip Type of Cleavage
4 57
m 3882728 A461 60 FLOA33S 100 10 106 24 shylolitic
.4 = shylolitic
nz 3862437 445306  FLOAI3G T2 15 2 X stylolitic
33 3861000 444029  FLSE340 150 a 213 3@ stylolitic
154 10
1688 -]
34 3861814 440806  FLSE3Y 340 4 137 ] stylolitic
13 14 128 3 stylolitic
.. ] -]
NS 3861113 442136  FLS8M2 344 1
128 1]
k1] 3860626 443075  FL9A34D 165 1 58 a5 shylolitic
66 24 shyloitic
nr 38345803 474284  FLOEI4 354 s
17 26
b 1) 3848077 487300  FLSE34S 140 3
.- 5
e 3848853 462265  FLS8248 2] 10
123 10
320 3854248 482445  FLOBMT 205 24 80 25 stylolitic
o8 16 shylolitic
-1 30 stylolitic
80 40 stylolitic
b =y 3854538 401855  FLSA348 15 17 206 20 shylolitic
T2 F. 1} B2 &5 shykoiitic
288 5 stylolitic
i 3855115 401610  FL98340 110 15 e 15 shylolitic
Ba 13
i 3840800 505200  FLS83SD 260 14
324 3841068 S0535T FLS83S1 65 10
118 T
5 3841501 508681 FLoB3ISZ T2 5
a7 5
326 3841207 511683  FLSBEA5] 58 10
aar 3842060 512304  FL9A354 100 - 3 BS 2 stykolitic
B4 .. [ 4 6 stylolitic
... 3840613 512703  FL9EMSS 82 5
3% 3865568 448443  FLOEASE 3 10
330 3864007 448676  FLBAAST 142 15 200 20 shylolitic
144 T
m 3865230 448057  FLoE3S8 330 10
332 3866560 440166  FLSE3S5H 148 T o8 37 shylolitic
290 15 e 1 stylolitic
333 IBETEAG AADET 4 FLSE3E0 268 6
354 3869361 450218  FLOE3E1 148 7
335 3869882 450332  FLS&362 horz.
%] 3875068 446218  FLSE3S 180 6
FLBE3E4 140 T
ar 872518 445826 2 FL9E3ES 178 B
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Table A-1  Field Data
Coordinates Bedding Cleavage
Outcrop Northing Easting Sample# Strike Dip Strike Dip Type of Cleavage
338 BTII52 4457H1  FLOBME 270 2§ 344 12 SR
MM 2 21 10 styloittic
219 JME6HS5 445433 FLOB3ST &2 12
40 ABESIG5 448835  FLOGIBE 130 11
341 3M37063 471439  FLOB380 88 8
60 T
2 3841124 471423 FLesI0 27 9
1w 8
153 ]
343 3841670 474531 FLBEITY 86 2
FLBE3IT2
344 3842015 517144 FLSEOOT 8 12 24 M stylolitic
FLOBOZ 61 2% 248 4 styloitc
FLOBIT3
FL9BIT4
M5 3840087 521374  FLOBITS 100 5
346 3640479 521226 FLOB3TE B8 18 310 20 stylolitic
e 27 stylolttic
37 3/41TI3 521086 FLOSITT 86 7
348 MWOSH4 523786 FLOSITE 108 20
45 3840672 524583  FLOBI7TD B4 7T 120 2 styloittic
114 42 stylolitic
350 3/A1TTO 525203 FLOB380 288 18
351 42050 525500 FLOEI81 35 14 2 0B stylolitic
] b1 shytoittic
as2 3846081 527531 FLGA3AD a 12 10 26 e
FlLesass 112 10
a53 3848008 527100 FLOA&384 145 3
4 3840416 526365 FLOB3AS 130 40
FLOB3ss 216 36
208 %
08 &
85 3648136 526481 FLOE38T 219 10
356 3047804 525057 FL9638E 54 20
as7 3B47663 525144 FLOG3MY 300 4
120 8
358 IV4THET  S24444  FLOBIO 25 139 182 14 styloitic
118 Fi shylodtic
T4 28 Stysoittic
358 38476852 522101  FLSA3GY 20 5
14 2...5—
T 344700 500540 CYS701 345 17 180 20 styloitic
o 3844050 499550 CYgTOZ 180 12
> 3847180 495020 CYSTO3 112 18
e 3846875 482570 CYSTOM
s 3850500 490425  CYST0S
[ 3851450 492500 CYS706 152 12
r 3WSS026 402150  CYSTOT 80 17
e 3856300 492320 CYS708 B4 1w 75 2 styloitic
" 3858500 48T900 CYsTe 20 24



Table A-1  Field Data -162-
Coordinates Bedding Cleavage
Outcrop  Northing Easting Sample# Strike Dip Strike Dip Type of Cleavage
CY9T10 102 66
10" 3854020 488020 cYeTi 120 34 200 16 stylolitic
11* 3854550  4B6580 2 CYOT12 2 10
CYo9T13 pr. ]| 86
12 3853200 484775 CY9T14 ] 15
12 3851075 484150 CY8T15 58 10
14 3837700 491800  CY®T21 115 B
15 3840000 485850 CYoTZ2 115 5
1g 3838525 466600 CYOTZ3 285 15
1 3836800 466100 CYOT24 118 10
18 3840525 460850  CY®T2S 120 80
CYS726 85 52
CYST2ZTA 130 28
19" 3853520 2 450600 CYSTZTE 268 40
20" 3855825 2 451600 2 CYgTae 300 10
21 3857450 452620 CY9T28 340 18
= 3858400 452810 CYS730 25 16
CyYaTi
pay 3864700 2 44TITS  CYET32 165 g
ko 2879650 08875 CYara8 m -]
as 3878700 2 S10000 CY9748 310 28
CYBT50 80 10
35 3878200 517900  CY9751 horz.
ar 3843100 489050  CYB7S2 B8 B
43 3845850 507600  CYOTES 104 15 M8 70 shylolitic
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Table B-1 AMS Data
M iU Ir arTrediate Maximesm
Outcrop Sample# Decin. incin. Decin. incin. Decin.  Incin.  Kmean P Ti
4 FLBBDO3A 1138 603 3566 146 2X86 2252 5 1214 0417
FLBBOO3E 1486 T34 s & A58 154 i) 4993 0.1
FLSS003C 2.7 304 40 4 1 1632 4T 9 1 2380 0.855
-] FLOBOD4A 2347 678 139 19 481 p.r & 1.303 0.502
FLSB005A 2428 T35 3448 22 .2 103 3 1.04 0377
FLO8005B 451 673 178 162 26 155 a6 1.035 0.258
FLB80OSC a7 M4 2073 478 MMBE 182 36 1028 0194
FLSS0DSD 1467 81 304 7 a9 BB - 1.018 0139
[ FLOB00BA 2155 70 Ta3 186 IWe NS 4 1477 046
FLBBODGE 3485 5389 118 28 o1 D4 T 1167 0.042
T FLBBOOTE 1846 796 323 82 s a7 2 1.602 0.815
FLOBOOTC 2275 605 3574 2 853 208 1 2884 0576
B8 FLSS00aA 95 4 T2 TT4B 127 48 1 2 1.688 0.483
FLBBDDBE 2834 556 ns 122 135 M8 2 210 0241
FLBBOOBC 1444 761 3443 139 2533 48 o 1.387 0.401
FL98D09A 2239 532 906 27 B 28 0 4,356 0415
-] FLes010A 2073 S0 n7 B8 O an [ 1.067 0.985
FLO80108 T B4 mz2 43 1008 41 11 1.085 0.158
104 FLBBO11A 3482 3TE 2031 469 a4 178 3 132 0547
FLSB011B 22 75 1418 747 .4 1332 -3 1.200 0.69
FLBBO12A 0952 TB1 2428 101 3341 82 o 2362 0043
108 FLBBO13A 342 668 1646 155 2584 168 o 16228 074
FLBB0M3B #0.4 8586 1607 22 2509 as -1 1554 D45
FLBBOIAC 248 @637 824 148 365 N3 -1 1.387 0.4
1 FLBBO14A 2063 645 vl %54 M7 25 4 113 003
FLBBO148 2205 302 a7 M1 MIE 323 -] 1.084 09
12 FLBBO15A 334 484 123 arz2 254 1548 5 1186 0206
FLoeo158 2 B22 462 X1 X4 M3 1 10 1.077 0.257
13 FLBBO16A 4 X8 1853 S82 2032 158 16 1088 0586
FLSBO0168 o5 T84 M4 105 16 14 18 1.001 0.724
FLOBO1TA 2032 658 a 168 3358 168 A 113 003
FLOBO1ITE 1185 421 3209 438 2243 158 4 1.146 0362
14 FLBBO18A 180 Té %3 15 035 104 3 1.403 062
FLEBO1BE 2436 184 XE 882 148 114 0 1575 0.112
FLBB019A TS 181 236 &78 1855 108 4 1.655 oz
FLoB80198 2547 308 @72 571 3s0e 103 a 1.262 0516
15 FLOBO20A 270 T8 214 69 1138 17 .. 1.02 0.538
FLB80208 e 874 2883 16 178.2 2 Ba 1088 0564
16 FLBBO2IA 3383 B8 M2 X1 1016 442 12 1.107 D052
FLB8021B 188 688 2848 24 a5 1.7 12 1.0685 0673
17 Fiseozza 2785 292 a8 25 1494 5.7 8 1.048 0.011
FLeB022R 2388 583 006 ZT7T  ¥M2E 143 A 1084 0.0162
18 FLOBO23A 438 5888 1592 141 2554 M2 2 1.318 0075
FLBBOZ3E 3388 637 136 246 07 1. -2 1088 0705
FLOBOZAC 14867 T8B 2834 46 3541 9.1 -3 1.242 0.054
FLOBOZ4A T48 58T 32T 1289 257 28 18 1 062
FLOBO24B 6803 426 W57 445 1626 13 2% 1.002 0.648
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Table B-1 AMS Data
Minkmwsm Intermediate Maximum
Outcrop Sample# Decin. Incin. Decin. Incin. Decin. Incin. Kmean Pj T
FL9BO24C 2141 638 3535 156 874 125 15 1071 -0074
19 FLOBO25A 2478 B03 1453 64 528 288 19 1.065 032
FLOBO2SB 2616 B3as 177 25 1079 64 2 1034 0435
FLOBO2EA 241 BiS 3551 27 B5.4 58 5 1216 0138
FL9BO26B 1387 667 243 61 3B5 24 [ 1206 003
20 FLOBOZTA 829 16 1875 414 3367 443 12 1073 0094
FLOBOZTE 2937 415 278 45 1226 481 16 1061 0214
FLOBOZTC 2402 423 1183 2094 73 336 14 1066 0126
FLSBOZ7D 2764 258 953 642 1862 D4 13 1154 02
P3| FLOBOZBA 2204 305 102 459 338 28.4 20 1042 0754
FLOBOZBE 2549 582 84 304 359 BE -18 1084 0584
2 FLOGDZOA 821 202 2314 669 348 10.8 7 113 0141
FL9B0298 108 52 3431 B1 1887 T4 = | 1.105 0167
FLSBO29C 152 502 3065 388 463 128 £ 1126 0277
FL380250 16 683 213 188 1183 105 -7 112 0224
P FLO8030A 2774 51 25 739 1857 152 3 1245 0680
FLOSO3DB 2565 404 191 324 1333 328 3 2037 0514
24 FL98031A 16854 507 prc 248 2853 162 5 1.146 0475
FLS8031B B7T2 412 3089 405 1983 224 2 1635 D046
FLOBO32A B85 689 874 136 1813 158 13 1.118 0357
FLOBO32B 892 687 2158 131 3088 165 16 1087 0552
FL98033A 3183 B1.7 114 24 2087 117 4 1189  -D.394
FLSB0338 7BE B51 2862 247 1748 28 1 3574 0288
FLOBO33C 23073 792 823 B9 1833 61 -1 9.856 0.41
FLOBO34A 3004 46 1311 44 403 08 11 1.1457 0.16
FLS80348 125 773 WIE 121 183 a7 13 1.082 0812
FLBB03SA 2933 531 632 21 162 216 14 1085 0.192
FL98035D N 152 285 652 1264 181 17 1124 0479
FLOBO35B  260.1 26 56 678 TR ) 14 1116 0225
FLOBO3SC S35 6168 2361 283 1455 1.4 21 1.052  0.804
FLOBO36A 3326 121 758 467 232 407 10 1.082 0.08
FLOBO36E 269 765 2086 135 1185 04 14 1062 0756
p.] FLOBO37A 876 526 1848 128 2938 344 15 1098 0044
FLOBO3TB 1677 58 895 S48 2817 M6 AT 1.034 0.34
FLOBO37C 2804 558 B69 321 1836 105 16 4057 -0.098
30 FLSBO3BA 547 57 3053 734 1483 155 8 1.116 0537
FLOBO38B 1743 @800 2884 B85 2.2 184 8 1.185  0.183
31 FLoBO30A B854 713 2637 159 23538 06 B 1421 0537
FL280398 T 151 2289 737 3304 58 5 1231 025
a2 FLOBO40A 1433 78B 2505 33 3411 107 4 1.204 -DDBS
FLOBO40B 3542 685 218 158 1249 144 7 1.085 0677
FLSBO41A 3374 34 2 532 2448 288 12 1.1 0.023
FL380418 43 453 2183 442 MIE 54 12 1058  0.158
FLO8042A 200 118 337 778 25 28 -13 1.114 Q702
FLOB042B 733 463 2814 402 1788 144 8 1096 0.023
FLOBO42C 1764 749 315 125 2006 84 3 1314 014
a5 FLOBO43A 826 782 2627 106 353 18 156 1036 0524




Table B-1 AMS Data
Minsmurm Iermeediate Maximum
Quicrop Sample# Decin. Incin. Decin. Incin. Decin. Incin. Kmean P T
FLBBO43B 2903 a5 B1.4 1 1538 121 175 1.032 015
] FLOBO44A 1678 8768 2656 03 556 2.4 7 1.023 0.784
FLSB044B 512 613 N4z as 223 84 179 1.050 -0.531
a7 FLEBO4SA 1402 253 287 ®3 441 127 18 1123 0102
FLSBO45B 80 58 263 2[4 38 18 17 1.04 0.134
38 FLIB04EA 956 653 ZX9 178 54 165 20 1.041 40.241
FLOBO4GE  307.4 683 1044 201 1872 Ta 21 1.059 051
FLBB046C 146 808 2305 7.5 136.8 53 26 1.075 0278
] FLESBO4TA T43 M7 |2 459 I3E 1"y 17 1.07 0.348
FLOB04TE 22909 696 682 183 aar 6.2 19 1.058 0511
FLBBO4TC 2008 794 3268 6.2 ST 85 = 1.047 0,606
FLSB8O4TD 1213 STB /2 X4 BT 218 18 1.062 -0.076
40 FLSBO4BA 3411 B80.3 883 29 1787 823 AN 1.065 0.485
FLBBO48B 3051 B26 15841 6.1 68.7 41 i3 1.062 0.509
FLOBO4SA T8 838 272 e ANTS5 16.7 35 1.058 -0.3859
41 FLB80S504A, 202 838 2521 38 161.8 48 5 1.167 0.148
FLSBD50B 3271 65 e 84 1m.8 23 -3 1174 0,646
42 FLBBOSIA 1863 53 833 287 2854 58.7 = -] 1.138 D477
FLSBOS1E 1346 608 2112 249 14.4 158 -5 1.206 -0.418
FLOBOS1C 3233 413 157 478 594 6.8 S5 1248 032
43 FLSBO52A 208 124 1484 TO4 2874 163 34 1.037 0.508
FLOBDS2B 40 158 218 T42 ang 8 03 3 1.037 -0.662
FLSBOS2C 443 TAT 1821 114 2742 10 az 1.021 0138
FLOBO53A 34 B4.1 249 236 1455 101 5 147 0,073
FLBB0538 105.3 B8 238 536 1.2 586 -t 1.2 0.153
FLBBO54A 2224 57 3211 56T 1287 327 44 1.0585 0.238
FLOBOS4B 2221 LT 871 203 3¥b73 247 2% 1.063 0.015
FLSBOS5A 552 3|8 2413 -1 1476 3 13 1.0037 D182
FLSB0S58 2432 75 T4 162 3432 3 16 1.0M 0.467
45 FLOBOSE6A X5 T 538 148 3235 14 12 1.106 -0.052
FLOBOSEE 3341 79 208 48 123 10 10 1.08 -0.6859
FLBBOS6D 1335 688 2833 185 166 29 6 1.098 0.023
FLOBOSTA 2881 T8.7 742 85 1653 6.2 13 1.0 -0.208
FLSB0STE 487 567 2308 333 1403 1 16 1.008 0.178
FL8BOS7C 1867 554 703 23 3283 25 18 1.037 0151
47 FLBB0SBA 1173 BS58 273 as as 1.7 23 1.051 o012
FLBBOSBB 2574 B34 85 2.1 1675 5 21 1.053 0.078
FLOBOSBC  264.4 a7 a8 102 as 16 2 1.082 0.242
48 FLOBOSOA 2864 Bs59 606 a3 158.7 25 26 1.075 0.885
FLS80598B 1882 616 105 281 102.4 ar =2 1.042 0,342
49 FLOBDG0A 2516 825 e 75 1532 a8 11 1.106 0.808
FLOBDE0E 306 BO 138 26 45 43 14 1.108 0.092
50 FLBBDE1B  161.4 758 143 119 2827 T4 =T 1.56 0.7
5 FLS8DEZA 2488 T4.7 ™5 152 345 1.7 4 1328 0.233
FLOBDEZE 2838 60 g28 285 1855 47 4 1188 -0 468
52 FLSB0G3A 2081 2.2 645 60 306.5 152 5 1.207 0.5
FLOBDE3B 3458 T08 a1 59 185 181 4 1.237 0378
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Table B-1

g &g

9

m

FLOB0A4A
FLSBD64E
FL9BOG4C
FLSBOBSA
FLB80ESE
FLSBO6EA
FLOBD6SE
GBFLOOTA
GBFLODOTE
GBFLOOTC
GBFLO02A
GBFLOO28
GBFLDO2C
GBFLOO3A
GBFLDOAC
GBFLO03D
GBFLOC4A

FlLeaoT18

AMS Data

Outcrop Sample® Decin.  Incin. Decin. incin. Decin.

549
785
nre
1461
2016
27

1403
173
1452
1264
e
1163
358
1075
198.4
141.7
119.8
475

2RyEl

446
a4 4
533
-1
548
80.1
831
429
167
nz

s

83.4

4T
T3

m

T8

T48
783
601
e
632
S0.2
81.5

157
579
749

B46
B5.1

611

815

T48

205
8.7

2582
Im
a5

42
382
8.7

2471
2471

1747

141.5

incin.  Kmean | 1

4 1589 119 -14 1215 0.7
45 1742 58 -12 1088 0129
281 1987 N6 -12 1087 0383
B4 NI 132 47 1.061 £0.764
0.7 M4a8 155 48 1.035 0.506

8 165.6 7.8 0 10.747 0

24 262 6.4 0 §.an2 0.563
M2 117 21 -1 1.083 0.757
T2 1856 103 -10 1437 0108
58 162 66 =11 1134 o.ma7
29 13 57 10 1.118 0.208
48 ns 69 7 1.476 0745
54 B5 N4 8 1.143 0479
14 2632 64 s 1.085 0.015
132 144 27 b 1128 0376
152 1883 2 2 1.074 0217
a7 1985 114 7 1.208 -0.02
187 69 2 8 1.174 0.108
TE 53 2 -} 1212 0275
189 2143 19 1 115 0452

57 504 54 15 1.168 om
181 193 a 13 1138 0842
127 05 21 168 1.12 0344
148 2051 34 14 1.119 0z7rs
g8 3579 68 16 1.108 0518
B.4 49 53 19 1.08 0.465
111 1281 145 5 1133 D404
ne 1 146 -4 1.4 0.452
¥MS X4 136 -4 1212 0205
55 156.5 64 -3 1.464 0.094
49 174 541 4 1308 0025
459 X099 a2 6 1297 045
246 T4 19.3 £ 1247 0.47
147 136 34 T 135 07e8
.7 518 r9 1 107 o512
5.1 w12 1.9 5 1238 02868
a3 184 49 T 1.2 0187
1me 173 8.4 -] 1.258 0.444
288 2122 13 7 1174 0.528
18 a8 83 16 1.087 0.588
578 02 g 2 1505 0189

az mns 286 g 1136 036
s 14 55 9 1083 D444
15 1619 25 T 118 0.241

802 1508 137 T 1125 0.14
858 275 123 =20 1,088 0312
-} 48.4 2T5 <3 1.591 0.305
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Table B-1 AMS Data
Minimasm Intermediate Maximum
Ouicrop Sample# Decin. incin. Decin. Incin. Decin. incin. Kmean P Ti
FLBBOT3C BA.1 157 35 526 1886 329 8 1082 0705
FLBBOT3D 3588 863 1001 0B 1801 a8 A7 1228 D447
FLOBOT4A 1485 616 MBS .. 5 48 & 1274 0588
FLSBO0T48 a2 me v a8 342 a8 =10 1.108 0.42
FLOBOTSA 1151 668 2004 21 .y 1.7 -2 1.735 -0.302
FLOBOTSE 2452 TO6 ar2 87 3565 a8 13 1.124 0.488
T4 FLBBOTEA 104 72 1176 669 s e 20 1.082 0,663
FLoBOT6E 128 B47 2I78S5 48 67 23 2 1.041 0258
-1 FLSBOTTA 208 128 m.T T35 183 10.4 T 1.281 0.656
FLBBOTTE 528 T om =11 1808 77 -8 1.145 0.303
FLBBOTBRA 2428 221 6589 679 331 12 0 20174 0575
FLSB0O7TBE 1253 T2 152 58 2835 157 -2 1.783 0392
76 FLOBOTBA 1023 782 2003 23 208 18 10 1.08 0.014
FLSa0TIE 548 Q24 T4 478 3?37 1.2 11 1272 0285
FLeeoTeC 1428 657 2833 182 184 143 10 1.08 0.607
FLBBODBOA 3341 T41 2423 05 1522 159 22 1.027 0.328
FLSB0B0E T 483 239 MWAE 17549 108 -20 1179 0.408
FLSB081A 208 56.3 ns 165 3523 284 24 1.43 <0.18
FlLoB0B1E 3347 634 2287 T8 135 a2 -2 2474 0.268
FLOBOEZA 1661 T2 Nas 153 462 22 < 1.14 0128
FLBBOB2ZB 1204 664 2587 156 3537 174 F..] 1,068 0.308
FLOBOBZC 3037 816 243 o 1237 84 4| 1.103 0.997
B0 FLOBOB3A 1024 816 265 -] 554 25 10 1.2 0.095
FLSB0E3E 2308 8562 1038 23 138 3 15 1.13 o663
B FLOB8084A 857 788 2833 TA 1923 78 . < 1.043 0.437
FLOBOB4B 3056 B804 a4 13 13386 98 4 1.058 0.858
FLOBOB4C 73 B03 1085 14 1857 a8 M 1.062 0.755
FLa8085A 289 853 21189 48 14 11 13 1123 0153
FLOBOBSE 2122 B49 X789 22 581 48 o 1.085 0.092
FLGBOBEA 2523 809 AT 9.1 a7 02 15 1.181 037
FLBB0BEE 235 76 22 128 1234 82 20 1.051 0.41
GBFLOIOA 2412 553 1003 283 360 18.4 6 1.145 D144
GBFLD108 w B04 =7 T4 1662 6.1 12 1.085 o.02
GBFLIOC 3357 779 B6s6 44 1775 113 10 1.128 o5
FLOBOBTA 2251 k. ] M9 MS5 1008 ITE -15 224 0308
FLOBOBTE B9 638 204 258 134 42 A7 1077 D857
B& FLS80AAA g7 514 27159 385 1847 18 -15 1.27 0.503
FLa80888 665 408 304 323 10E 24 -13 1.078 onT
a7 FLSBDEIA 1417 48 4 2898 304 » 1 8 1.3568 0038
FLOBDBOE 1413 542 3550 307 2557 1686 -11 1013 0234
BA FLEBODOA 789 783 2088 121 1953 62 4 1.458 0.026
FLOBO9OB 2624 651 106.4 2 125 81 2 1528 -0.007
FLSB020C T s 4.2 184 g 13 12 1.174 0882
FLOBOSOD 1725 304 3284 482 28 "nr 1 1.23 055
B FLEBO91A 208 T36 11489 12 2053 183 10 1108 0066
FLBBO31B 2381 573 843 2T4 55 165 10 1138 0516
FLOBOOIC 2746 663 828 B3 1745 44 2] 1.35T 0335
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Table B-1

AMS Data

Minirmasm Intenmediate M aximasm
Outcrop Sample# Decin. Incin. Decin. Incin, Decin. Incin.  Kmean Pj Tj
a0 FL9B0928 2511 e B3N 118 3526 24 1 2688 D296
3] FL8B0S3A 1801 813 2888 56 205 67 16 1.076 0.018
FLOBO93B 2342 604 121 1286 247 263 14 .12 0.726
FLOBOG3C 458 858 Iz 17a 177 16.4 15 1.08 0.018
FLOBO93D 2507 723 482 171 1M1 6.1 1z 1106 0052
a2 FLOBOB4A 1077 555 2423 258 3431 g . 3 1.7 0.006
FLOBOOWB 1302 434 2351 152 33WE 426 3 1.558 0.758
FlLOB0G4C 3162 83 106 a1 1964 35 6 1293 019
23 FLOBOGSA a0z 528 a7 M7 1856 122 12 1.055 0.13
FLOBOOSB  355.1 10 2385 683 B&E 18.1 B 1.577 0.284
FLOBOSSC 1742 T15 2678 12 B3 184 1 1.234 D287
FLOBOOBA 1074 225 3285 62 2042 158 2] 1123 0.62
FLOBOOGB  327.2 36 1413 539 2351 28 a 1.265 0,88
g5 FLOBOOTA 2488 728 108 135 16.4 10.5 17 1.046 0.24
FLeSBOSTE 1158 S573 37 a0 248 17 20 112 0.527
FLBBOSTC 1028 616 2487 241 3451 1414 ) 1.034 0.718
FLSBOSTD 2242 60 269 8.9 1= 75 18 1.063 0443
86 FLBAOGaA 2824 54 1266 3386 288 1186 k) 1.082 018
FLSB088E 168.7 4.7 3563 421 2633 33 57 1.038 -0.264
a7 FLeBO9SA 2625 722 1238 136 b | 113 18 1.038 0152
FLS&0S98 1351 103 225 B45 2296 231 3 1.772 0307
98 FLS8100A 1068 TO.7 r2 187 as 48 47 1.038 0.2
FLoa1008 254 23 1021 578 33 127 s 1025 0105
a9 FLOBID1A 2085 484 859 243 3308 34 =14 1.082 0.824
FLSB101B 250.4 539 1038 3 as 161 -13 1.107 0.405
FLOB102A 3022 208 1BBE 463 485 33 -18 1.132 0.074
FLe8102B 1288 318 147 W\3 208 403 -18 1063 D443
FLe8102C 2694 694 a7 189 1656 54 -18 1072 D215
FLOB103A 1686 268 498 435 ) M6 -] 1116 0117
FLS8103B8 1236 344 309 554 2153 25 2 1.556 0D.477
FLBB103C 2534 527 914 36 ass a7 2 251 0.851
FLE8104A 1313 42 4 41 2672 841 B 1482 0023
FLS81048 1843 645 333.2 18.7 688 154 -8 1.044 0.507
FLBB1O4C 2672 582 118 | e | 135 -8 1.067 -0.58
FLEBID4D 2875 221 1381 B64 07 78 8 1471 0.564
FLS8105A 2782 T8 654 g2 188.7 43 -12 1.064 0.015
FLSB105B 48 ar 2412 65.7 140.2 49 -14 1.108 0.082
FLOB106A 80.7 T27 2885 173 M6 03 -7 1.272 0.112
FLOB10BE 1448 541 3355 354 2419 51 B 1182 0385
FLOB1O7A 1002 553 2837 335 23589 78 -9 1,144 0523
FLBBIOTE 1754 767 3181 1086 496 78 - 1425 0.558
FLS81084 21456 568 1162 54 27 e b 1.068 0.075
FLO8108B 3437 6854 2422 08 1522 4.8 42 1.078 0.811
FLOB1DSA 1058 344 2842 556 153 0.7 -13 1.101 0.253
FLSB1098 2763 325 1243 531 1586 138 =14 1.058 -D.2237
FL98110A 454 08 2074 W6 1737 455 =11 1.188 0.085
FLS81108 1] 533 235 X9 ko< 183 -10 1268 DB35



Table B-1 AMS Data
Mindmusm Infermediate Maxamam
Oulcrop Sample# Decin.  Incin. Decin. Incin. Decin.  Incin.  Kmean Py T

FLSB111A 1142 45,2 A7T8 2.7 2061 18 -3 1.218 0375
FL88111B 3253 483 1188 e 20 128 -2 8.128 0634

108 FLOB113A 364 M3 1485 529 514 6.4 11 25 <085
FL981138 1202 68.2 Nais 212 X2 47 -T 1167 0. 209

110 FLB&1 144 1435 B4.8 244 T 1 3548 51 16 1.28 0.845
FLBE1148 288.5 788 4386 48 1344 10.1 18 14 0.228
11 FLBB115A 10086 S089 me B1 102 03 2 1.382 0028
FLO81158 66.8 -7 ] 2258 06 s 85 4 1.232 0.052
FL9B115C 269 T8 5] 11.4 986 13 3 2788 0.338
FL9B11SD 24686 B80S A 94 3468 1.7 4 1.484 D281

112 FLS81168A 17 MBS S0.3 B9 224 301 2] 1.48 066885
FLOE116B 225 s88 188 261 1169 141 ] 1.228 0083
FLS&116C 83 798 188.1 10,9 2.2 02 5 2.056 0.803

113 FLOB11TA 2338 ar8 aBs58 123 a0 18.4 8 12 0.372
FLOB117B 413 852 1324 o8 229 T L] 1.556 0,501

114 FLS8118A 2752 81 1204 80 58 42 18 1.08 0,452
FLSS81188 2335 BoB 25 B8 1142 45 b 4 1.224 0.116
FLS8118C 2857 482 B 2 146 24 17 1128 0274
115 FLSB118A 188 4 524 1133 51 18.4 e 18 1.034 -0 505
FL981188 280.7 ar2 »7 115 1337 18.4 17 1.128 <0018
FL88118C 2648 531 78 B9 ASET 15 14 1.075 0414

116 FLS8120A 188 6 725 531 148 0T 84 2 13,362 0.503
FL981208 2412 T4 158 786 150.3 T4 1 10.555 0.334

17 FLOB12MA a1.7T 28 803 8667 A0E 47 -18 1.295 0.208
FLBB1ZiB a1 802 =88 38 3405 15 AT 1.3 0,604
FLG81HMC 888 k. w4 ] =75 S6.7 65 52 AT 1.078 0.248
FLE812MD 2584 k-] 783 558 168.1 08 A7 1.114 0774

118 FLBB1Z2A 0.4 43 m.T 27 2188 3s3a -2 1255 0817
FL981228 1302 oA B3 8.7 287 .4 609 22 1.028 0328
FLe81Z22C 09 B25 2659 43 1754 6.1 - 1.053 0.261
FLe8122D BES 54.3 2508 M5 B53 8 -21 1.043 0325

118 FLSE123A 2405 44 T2 454 3361 58 28 1.2 0.582
FLOB1Z3B 1706 328 701 158 ez 527 25 1.02 0.204
FLS81Z3C 1025 185 2401.7 6888 BS 132 -25 1.041 0,382

120 FLSE1244 128 542 1308 187 g 23 F 4 1.7 0.64
FLGE124B 28908 558 88T n7 1924 55 a8 1.138 0.3
FLS81240 1852 80.7 8.7 215 e 18 -1 1.615 <0304
L Fa FLO8125A 255 TR 1108 105 18.7 5 -18 1.057 <0.098
FLSB1258 B4 6 TTS 264 4 118 1835 a1 -18 1.072 0675
FLSE125C 2457 81 o B k% ] a1 -15 1.061 031
FLO8125D 88 68 4 1883 223 107.7 -18 1.085 0047
122 FLSE126A 1502 1.4 618 8.1 2405 108 b 1.038 0 454
FLO8126E 2008/ T 48 4 688 207 2 ] 1.038 0.435
FLOB12TA 3008 ar.a 129 28 378 48 A 1.232 0.785
FLBB1ZTE 153 4 618 7S 137 68 24.2 - 1.201 0,207
FLB8127C =7 ars 29 16.8 874 148 - 1.23% 0.52
FLS812TD 66.5 -] 1868 B8O 3358 8BS e 1.27T7 0.86
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Table B-1 AMS Data
Mindmwm Intermediate M axirmwam

Oulcrop Sample # Decin. Incin. Decin. Incin. Decin. incin. Kmean Pj T]
123 FLO81284 705 4as4 MN72 24 201 3B9 -] 1.103 0s17
FLOB128B 281.4 .1 863 66 1887 127 ) 1477 0.04
FLBB12BC 2273 51 55.9 M7 325 42 10 1.3 0175
FLOG1254 m -] 1185 1886 2 a7 -7 1191 -0 468
FLB81298 47 24 2485 3B 12489 385 &5 8.052 0714
FLes128C 3053 T46 1765 a8 844 118 -3 1.262 0516
124 FLSB130A 1482 447 53 689 HNEE 445 -3 1248 D384
FLS81308 - 1. ™5 302 88 3208 as -2 1.382 0.08
125 FLEB13A 1043 15 18 583 1882 07 8 1.051 0.188
FLBE1XMB 1123 487 360 184 2583 354 -] 1.063 0.886
FlLesi3iC 1768 513 327 M2 e 18 ] 1104 O0M2
126 FLOB132A 1988 282 3445 14 100.1 157 T 1.333 0393
FLO8132B 2136 386 886 s 3336 2 4 2128 0406
127 FLO8133A 1064 &7 2 10.4 .} 118 1 8.283 0.424
FLB81338 1624 T2B 2086 a1 ns 15.1 1 6958 0104
FLBE1348 10.4 168 2762 135 144 681 -3 . 0.026
FLBB134C 3387 S61 20688 b 108 ns -2 1.2 0148
FL9B134D 2481 581 581 04 151 48 -2 1.455 0.471
128 FLBB1358 938 685 211 2 as2s 43 13 1.07 0348
FLOB135C 3144 534 a7 205 1982 182 16 105 o012
128 FLOB136A 1132 TE6a4 2877 135 18 12 13 1.083 0352
FLB81368 10.4 827 225 34 1622 64 15 14 0342

130 FLOB13TA 3316 636 T0.4 43 1625 26 8 1.1 03
FL88137B 825 729 2881 165 1961 T ] 1082 D484
FLEB1ITC 1151 814 2805 (A B 48 2 16898 on7T
" FL98138A 831 T6Aa M9 128 1833 24 10 1.204 0361
FLe&1388 T0.7 447 2ZBT 431 3IW4e N2 T 1162 0815
FLee138C 3012 T0S B35 153 1788 111 ] 143 0653
FLBB13@A 3371 TAS5 1857 13 1004 10 B 1.006 0724
FLBE1388 254 ™7 1072 12 155 [ B 1.418 0.23
122 FLBB140A 2604 6858 1421 12 475 207 B 1,086 0122
FLEB140B 3018 S52 1102 342 204 55 - 1122 0113
13 FLOB141A 1503 274 569 686 4SS 81T -3 1218 0388
FLoE141B 168 B80S 265 34 1745 BS -2 1.504 0.41
FLOB141C 487 TA9 [T 148 18041 -] 3 1.401 0.084
134 FLBE142A 138 TSB 25T1 104 1654 98 24 1072 0042
FLo81428 832 T47T 22088 68 3005 137 | 1.043 0.24
135 FLOB143A 125 649 28524 1589 348 189 5 11988 08527
136 FLBB144A 433 663 =7 1] 1625 121 4] 227 {0255
FLO81448 B5.3 765 2881 89 1965 B9 o 8.826 o8a

137 FLBB145A 1383 578 . 248 123 19.4 o B8.526 0.82
FLB&1458 1.7 W3 I\ a7 160.1 168 -1 1.735 03
FLoB148A 1582 696 2537 21 345 203 -1 2028 0.256
FLBB146B 1832 B804 3045 117 405 268 -2 2628 0.934
138 FLBB14TA 3568 685 10 85 1841 24 A 1053 o™
FLBB14TE 1847 669 2808 63 24 23 18 1.048 0.508
FLBB14TC Zro TiE 56.3 155 148 87 15 1.075 0.108
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Table B-1

AMS Data

Minimum  inlermediste  Maximum

Outcrop Sample# Decin.  Incin.  Decin.  Incin.  Decin.  incin.  Kmean L | 1]

FLOB14TD 2127 747 488 148 W77 41 18 1003 0484
138 FLoa148A MBI 389 1055 460 3 187 12 1.03 -0.438
FLesi488 1023 388 328 MNE 2269 354 18 1.097 £.178
FLe8148C 24 82 818 138 1518 03 15 1.134 0496
Fise1480 3312 812 1348 -1 288 19 14 1.1 0.023

140 FLO81404 502 6aT7T M2 143 1851 15.4 s 1.039 012
Flosi408 2037 848 ai o8 1322 54 F.. 1.347 0.437
Flosi4eC 3318 839 44 32 1847 51 i 1,087 0.341
FlLost4sD 2351 eae 1878 181 943 107 .} 1.087 0.568

141 FLOBISOA 3074 413 1888 285 m™2 ABS5 -3 1.028 0.338
FLOg1S0B 25 18 N7 208 TS 658 -3 1.061 0&ars
FLO81SOC 2002 444 10585 48 10.7 452 -M 1.018 0337
FLOB1SOD 2064 468 37 287 819 =6 - 1022 0142

142 FLss151A 2412 a7 3331 o8 635 3 12 1174 0.237
FLS8151B o8 ™1 AT\ 104 2052 108 ] 1.282 0.584
FLO8151C 3103 782 1189 107 2103 18 12 1.118 0.407

143 FLOB152A 112 TET 2464 T 1549 108 B 1.043 08aM
FlLogi52e 19568 4.7 s 19 M7 28 2 1.047  -0.058
144 FLS8153A 8.5 ne mMa 18 180.3 39 5 1246  -0DB04
FLBB1538 1635 @826 404 3 e -1 3 1.365 0. 594
FLS8153C 2728 8 27 T 1808 157 8 1328 0478
FLO981530 20689 m e 122 1887 144 3 12382 0009
145 FlLeai54A 228 Ta7T B48 8B Kok ¥ 18 1088 012
FLoaiS48 2322 774 na 121 123 44 ] 1.055 0.608
FLO8154C 26480 @4 1383 177 388 182 15 1.113 015
FLo8154D il 2 1117 0382

453 o T 03a

9 0 18358 0474
136 o aare 0214

178 14 1.085 0678

14 16 1.075 0.648

na 13 1.107 0.308

2086 16 1.08 0.656

aa r 1.088 0237
B4 3 1027 0664

el k. 1.0a2 034

15 k) 1.034 0.835

1588 5 1.018 0147

oa kT 1178 0.626

6.4 -1 1.078 oor

&8 ] 1,085 0182

6.1 2% 1.058 0.298

22 i 1.118 0.226

157 -9 1.043 R ]

a8 o4 102 0042

13 B 1.073 0.55

M6 39 1.082 0.181




Table B-1

152

153

154

157

158

181

183

1685

AMS Data
Mirsmaem Interediate Maxismam
Outcrop Sample® Decin.  Incin. Decin. Incin. Decin. Incin. Kmean s | T

FLOB166C  184.1 -] 545 13 3244 15 B 1.078 D748
FL9816TA 686 B34 2801 -1 168.7 42 .. 1078 D182
FLOB1BTE 3227 658 822 234 1801 4 3 1.158 05

FLBB1BTC 2047 742 @27 126 2306 04 24 1.088 0.488
FlLoa188A 268 L 1602 116 2232 59 -1 1111 0283
FLOB16BB 303 683 1748 179 M85 19 28 1.108 0643
FLoa188C 3284 783 21586 56 1244 124 28 1.088 o291

FLOB1GGBA 1587 728 2883 67 1.2 187 24 1.057 0.547
FLe81668B 2482 B68 #23 29 22 13 18 1.008 0.154
FLO8168C 1420 @654 m 154 1114 148 0 112 0.103
FLS81T0A 05 818 21290 M4 1187 133 10 1129 0.358
FL981708 24 B4 Ts 409 1B 87 14 1.08 0.072
FLOB1TIA B4 6 Fal. 248 674 3524 55 <16 1.13 0.788
FLo81T1B 958 41 203 477 1834 as A7 1.082 0.809
FLBBATIC 2889 2 1348 514 128 21 18 1.027 0,604
FLe&i728 1702 T16 452 8.4 3ME5 154 -1 3pw 0387
FLS81TIA .. O | 4G 4 116.8 B9 45 6.3 1 1.108 0.474
FLOB1TdE 2857 6574 TE 223 1744 139 12 1.0m7 0129
FLBBITAC 2472 T332 648 15 k< el ] T4 B8 1.138 0619
FLI81T3D 2009 4d B80.1 e 1269 331 8 1.073 -0.658
FLBB1T4A 1621 888 322 2 021 23 14 1.087 -0.485
FLS81T748 Zrss5 487 585 B4 180.2 189 13 1.1 0118
FLEBITSA 1132 288 3081 @04 2067 64 16 1025 D488
FLE81758 3 401 178 176 1281 447 15 1.2 0.2485
FLBB175C 3189 ap 544 545 @1 352 -15 1.186 0.778
FLO81TEA 169 G488 ZEBS5 25 138 109 ... 1057 0708
FLBBITEE B89 13 a3 51 2118 T 17 1078 0Em™
FLa8176C 422 27 1.8 27 e 15.7 3 103 D308
FLOBITED 2426 S4T7 2004 2982 999 18 16 1.048 omz2
FLBBITTA 1261 102 87 TBE MN7I.7 85 -3 1.133 1.001

FLGBITTE 2586 671 518 205 1455 98 5 1.305 0.668
FLOB1TBA 1 M4 32T 474 S MB 1 1.828 0.4

FLO8178B 23 207 M3 A 1387 204 1] 21114 0685
FLBB1TAA 1407 651 2364 26 a2Te 247 41 1.087 018
FLoB1T98 963 28 203 655 1847 53 -13 1.064 0.848
FLS8160A 185 N4 615 48 4 3008 243 12 1.119 0.557
FLOB1BOB 2568 573 1589 63 0 ns -14 1.081 0.255
FLOB1BIA 2357 634 aze 24 3481 108 1] 28668 D088
FLo&181B 114 634 10.1 24 2879 265 5 1.504 0.388
FLEBI1B2A 1416 #15 2909 442 ¥ 158 -] 1211 0336
FLOB1B3A 6185 TZT 2204 as %4 1689 386 1.029 0580
FLS81838 382 669 266 14.1 1724 14 413 1.008 081

FL98183C 838 T4 367 4 2488 155 388 1.028 0.479
FL981830 894 852 3022 a1 212 28 350 1.036 0872
FLe8184A 2583 2.1 1642 75 8.2 587 T 1137 D188
Flosia4 2585 #13 1138 429 87 186 -4 1.302 0838
FLOB1B4C 2773 825 1882 1449 684 3 83 1052 0033
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Table B-1

AMS Data

Outcrop Sample# Decin. Incin. Decin. Incin. Decin.  Incin.  Kmean Pj T
166 FlLosiasa 2728 758 1523 71 80.7 123 m 1.026 0767
FLo81858 408 608 2SB6 65 1608 114 68 1.08 0.406
FLB81ASC 8.8 B4 171.8 57 262 1.7 64 1.035 078
167 FLe81B6A 1526 65 574 389 2306 503 45 1078 0657
FLS81868 170.5 64.1 231 22 8\79 126 45 1.032 0.472
FLo8186C 284 T |22 58 1903 178 48 1.088 0151
168 FLo8187A 1308 0.2 40.7 85 2221 80.5 12 1.083 0416
FLS81B7TE 3338 536 655 13 1565 364 12 1.842 0.544
FL9B1BTC 2035 2 B45S re 3204 358 12 1271 0.328
169 FlLoBtaas 1128 41 Fa e 212 65.8 17 1175 039
Flogiase 2052 681 15868 152 857 1309 12 1.253 0335
170 FL98189A 258 251 4588 61 1626 138 8 1000  -D.483
17 FLSE1904 1943 329 701 41 orT 6 14 1.108 0176
FLO8190B 1488 T2 ms 17 431 53 7 1.199 0272
172 FLo8181A 1375 S62 333 3 are 6.6 38 1.037 -0.278
FLB81918 1883 632 3407 215 769 151 k) 1123 0274
173 FLB8192A 1134 a5 250 46 6.1 23 -2 295 0.435
FLO81928 525 413 2154 475 49 86 2 a3 0.494
174 FL98183A 30 - 2384 355 1381 141 T 1.212 0.423
FLBE1838 2772 7.8 165 698 8.9 185 -] 1,195 0.42
FLOB103C 2909 692 1459 173 524 11.2 1 1.527 0.506
175 FLOB154A 179 858 b4 24 2082 8.4 5 1.245 0.144
FLOE154B 172 732 2608 137 532 86 2 1.512 0311
176 FlLoa1ssA 1172 4 164 885 20886 20 16 1.078  -D.487
FL981958 1004 208 2333 557 aa a8 14 10055 0238
FLOB19SC 2664 749 1215 125 26 84 13 1077 0183
177 FLS81D6BE 2089 689 3065 29 are 208 7 1215 0.57
FLa8196C 320 633 13 214 1874 151 -] 11922 0.029
179 FLogisgs 575 BOE 1653 29 2558 89 2 1.0047 0283
FLog1saB 822 51 3302 169 284 339 26 1.938 0.126
180 FLO81859A 2658 axs 785 T 1689.6 0.8 7 1.0a7 0.208
FlLeg18sB 3447 188 934 433 236 407 25 1.235 0.256
FLBB188C 1452 10 2883 TIS 538 ] n 1.061 0.49
181 FLO8200A 1366 671 121 458 NM3T7 6868 -15 1.303 0.065
FLB8200B 2683 S09 a9 387 55 5 A7 1.136 0.1z2
FLS8200C 1007 481 2725 408 -3 4 -15 1.1 -0.389
182 FLog2MA 1458 T2 223 109 51 142 -1 3488 0582
FLBB201B 2572 173 1386 588 2664 272 -14 1.051 0155
183 FLSB202A 2353 605 1205 B8 348 3 24 1.056 -0.53
FLog2028 2388 473 423 415 1388 8.4 Fa 1.054 0629
FLo8202C 16804 m 2831 75 242 8 17 1.087 -0.045
184 FLOB203A 2754 B68 g21 N3y 1a2s8 1.2 17 1.076 0.095
FLOB2038 32868 812 186 T 853 53 1" 1.117 0.256
FLO8203C 2139 652 955 16 360 184 18 1.103 0.545
185 FLo82048 1184 575 2564 167 3552 7 10 1.202 0.098
Flos2048 2656 T18 1109 168 18.7 T4 T 1.186 0812
Flos204C 11268 672 2722 215 51 72 1" 1.104 0.285



Table B-1

AMS Data

Minimuom  inlermediate  Maximum

Outcrop Sample®# Decin. Incin. Decin. Incin. Decin.  Incin.  Kmean [ ] T
FLoB204D  S9.7 783 2728 88 1815 az 7 1.003 0.184
186 FLO8205A 3148 351 a8r.2 439 248 257 64 1.588 0.972
FLB82058 Bo.7 A5 2Ny 162 1808 3 44 1.034 0.07s
FLOB20SC 2251 102 1258 418 3259 464 5 1.043 0.531
187 FLO8206A 1408 438 2867 408 aze 178 7O 1.0 0.434
FLOB206B 161.2 m 2765 8.4 81 1608 &1 1033 0183

188 FLOB20TA 2389 244 1438 132 e 61.8 2 1.2M 02
FLO8207B a1 628 MM3s 1685 2173 21 0 1842 0051
FLBB207C S4.4 825 2888 75 s87 07 10 1382  -0.0%1
188 FLos208A 2825 637 381 78 131.7 25 " 1.061 0.129
FlLea2088 3235 661 1121 208 2065 114 14 1.114 0.225
FLOB20BC 2482 764 885 127 3575 45 15 1.008 0.306
180 FLSB209A 248 TS 2562 1.7 1832 141 12 1098 0313
FLS82098 282 722 M8 8.2 1793 167 15 1.0 0251
FlLag20aC 454 182 1818 4768 3047 381 15 1185 0574
1M FL98210A 3062 835 a3 39 163.6 52 49 1.044 0.437
FLeg2108 0.9 T 2584 az 1681 g1 45 1.051 0.464
192 FLe8211A 2353 7717 8a.7 12 3381 28 13 1.067 027
FLo82118 118 578 2758 38 18385 N8 12 1.11 -0.051
FLe8211C 1262 S24 2878 361 24.4 a9 12 1.104 0.825

193 FLSB212A Ll S04 25 391 1373 5.1 B 1.115 0.356
FLOE212B 2605 194 1325 8603 3585 217 8 1187 0081

184 FLSE213A 42.9 648 2835 187 1688 15.1 -7 1.187 0121
FLee2138 602 858 2805 129 2047 201 -7 1.178 40,037

185 FL98214A 1583 666 2828 169 T 157 -11 1.162 0.26
FLOB2148 3146 46 51.9 575 g7 39 -8 1.182 0.624
FLOB214C 2354 632 g7 219 3566 147 -3 2.006 0416

196 FLO&215A 389 37T 2083 181 300 26 15 1.062 0.346
FLOB2158B 2447 357 1174 401 3588 298 14 1062 0744
187 FLO9821BA 1382 786 2826 a1 137 6.8 -5 1.192 0.154
FLOB216B 2862 5186 |2 IrT 1881 6.3 -6 1.276 0.06
FLo8216C 802 57 2518 M8 347 B4 -7 1.318 0167

108 FLOB21TA 1427 509 2848 327 276 18 -] 1181 0.624
FLoa2178 633 704 2761 18T 1831 10 T 1.214 0114
FLS8Z17C 80 M6 2588 181 3489 33 g 1178 0.164

188 FLOB218A 3227 724 1058 14 1984 104 4 1.057 023
FlLos2188 133 82 M8 33 A a1 54 1.03 0,244
FlLea218C 8348 475 2834 421 188.1 48 59 1.087 0473

200 FLSB2194 858 T45 2645 148 1733 48 78 1.037 0.08
FlLoa2188 61.5 832 2708 6 180.4 33 58 1.022 0.082
20 FLOB2Z20A 1333 B4 2656 4 as59 4.4 k] 1058 01239
FLosz0B 2852 748 575 103 1485 1089 41 1.033 0331
FLaa220C 58.9 BE1 1664 12 256.5 az 40 1.080 0.474
FLO8220D 23689 785 1446 0.4 545 105 45 1.034 0473
202 FLoB221A 2782 197 T4.4 687 1854 -] 25 1.045 0263
FLS8221B 108 552 2981 344 2048 48 . 1.078 0.8

T6.8 NE 134 43 1.033 0.293



Table B-1 AMS Data
Minmaam Intermediate oo x TR
_Outcrop _Sample# Decin. _incin. Decin. incin. _Decin. incin.
FLBBZZ28 223 TT.4 1885 06 1086.3 125
FLeE222C 2405 ™ 487 132 140.7 48
204 FLBAZZ3A 1.1 821 ama 6.9 1806 as
FL882ZZ3B 53.2 828 2578 64 1675 28
FLB8Z2AC M B4.9 1.1 0.9 1411 51
205 FLOEZ24A 252 L] B58 21 3558 12
FLOBI24R 3477 28 1056 a2 1878 15
FLOBZ24C 129 Ll 4.7 k1.1 55 125
206 FLBAZ2SA 2743 761 135 10.7 433 BS
FLB8Z258 1457 ey 2007 75 302 38
27 FLOSB2Z26A 703 52.1 330 78 234 B7
FLBEZ268 1782 2] as 25 T8 B8
FLOEZ2GC 154.1 b | 26847 25 25 431
208 FLOB2ZITA 265 508 a8 18.4 1214 11s
FLOAZ27TB 3.7 sT.7T s na 1308 a8
FLB82ZTC 168.7 762 322 124 536 ]
209 FLOGZ28A 1873 81.8 3463 7 a1 75
FLOBZ288 =11 & T 126.7 .. ] 18.8 30
FLSB228C 110.4 758 75 32 2768 1A7
FL98ZX8D 2732 41 125 656 181 .4 24
210 FLB82Z28A 23 46 6 121.4 4208 2185 55
FLSAZZ08 225 BT.4 5 az 45 286
211 FLOBZ30A 2738 BT 177 344 173 5389
FLOAZAE 2791 Nns 178 85 1179 489
212 FLBEZIMA 3428 88 114 ™A 2509 109
FLeEZI1B 3136 £S5 .- ¥.] M2 8.1 5.2
FLSBZIC 11 T 1781 . #&. ] 2808 18
213 FLOBZIZA 110 822 2731 T4 34 22
FLOBZIZ2B 966 4T 6 2268 36 3338 283
FLOBZR2C H11 882 1103 195 227 [:X.]
FLS8232D 7.7 5.7 287 383 20823 0s
214 FLS82338 T4 4 a2 1845 n7 348 44
FLS&2ZIC 2726 455 5.1 431 1735 88
FLB&233D 25 25 853 47.7 7.2 422
215 FLSAZ34A 967 40 4 31886 28 2141 NS
FLOAZM4B B96 28 1255 423 M75 302
FLSEZI4C s 578 1888 211 298 23
FLOBZ34D 44 852 =31 2 158.7 109
216 FLSBZISA 281 33 1405 M7 o] 24
217 FLOBZIEA 2502 837 M3 185 288 22
FLBAZISE 1242 124 258 342 a2 53
FLBAZISC 258 538 2673 18.8 185.8 288
218 FLOAZITA 894 i 037 155 2118 66
FLBBZITE 234 1 85 1079 28 88 a3
FLBA2I7TC 1538 418 280 45 2581 135
219 FLOBZ38A ar Ta&T 2806 108 512 31
FLBE238R 2806 B4.2 114.4 58 24.4 05

Kmean P |
a1 1.058 068
41 1.045 0.7ea
w 1.029 0.068
bt 1.038 0481
a 1.032 0174
24 1.068 0.388
18 1.088 0.08
Fa 1.032 015
1.028 0339
55 1.034 0.7
11 1.137 0,854
=10 1.281 0,254
4 1.081 40 485
-1 1.845 01489
Li ] T84 0129

1] 28.855 0.289
-25 1.047 -0.63
-24 1.038 <0325
25 1044 £0.797
27 1.033 0327

2 1.5M £.23
-2 1.8 <0.208

1 2.045 <0357
15 1.045 0,133
-18 1.021 0500
- 1.032 0136
18 1.084 0 448
5 1.174 0387
5 1.313 0.438

T 1.138 o3

-1 19 028

0 7682 0547

2 186 <0.058

-3 56094 0277
10 113 0107
10 1.077 0,233

] 1.1 03

1 1.082 0417

-3 1.759 0138

-1 2204 0259

0 10,057 <0334
-1 5.042 0 908
... 1.045 0 564
X 1.057 <0 05
b g 1.043 0582

21 1.058 051
2 1.071 T

-176-



Table B-1 AMS Data
Minimum Intermediate Maxirmwn
Outcrop Sample# Decin. Incin. Decin. incin. Decin. Incin. Kmean  Pj T]
FLBB23BC 297 S7T6 1324 307 38 8.4 % 1.049 0478
FLOBZ3BD 749 28 218 62 322 4 25 1.077 0.7
220 FLOBZ38A 3246 -] 1877 188 2] 228 5 1.421 <0.138
FLOB230B 1086 408 2486 416 2589 213 2 1.456 0,083
g FLBEZ40A 2086 164 2822 227 1472 584 B4 1.01 0.33s
FLOG62408 ar2 101 359 785 1881 54 48 1.031 £0.711
s FLOB241A 2452 T9.7 102 83 1t 6.1 8 1.086 0.02
FL98241B m 58.4 1455 29 45 4 205 B 1.189 024
3 FLOB8242A  2B43 v 104.4 53 143 01 13 1.12 0173
FL98242B s 132 1331 T8 78 124 13 1158 D165
224 FLOB243A 38 85T I57A 1.2 167 41 41 1.08 0.611
FLBB243B 787 7a 733 123 18286 -5 | 58 1.072 0.332
FL98243C 148.1 58.7 248 178 2B6.7 237 54 1.07M1 0.258
FLBE243D 2201 T4 4 56.6 15 3254 42 40 1.0M1 0.348
25 FLOB244A 1390 TBE 2828 8.1 137 68 24 1.033 0.008
FLO82448 B85 ™7 2859 13.7 1748 38 3 1.086 0.489
FLOB244C 2845 755 106 125 148 51 - 1.071 0.141
226 FLOBZ45A a4 851 .4 224 2071 103 8 1.0585 0.187
FLO82458B 2763 485 6855 ar2 1679 1587 -] 1112 D584
227 FLSB246A 2281 BO.4 ™3 BB 3447 4.2 | 1.081 0. 741
FLOB246B 373 771 2452 114 154 59 20 1.056 0.285
28 FLBB24TA 3024 Fi:) 8.7 88 186 6 49 53 1.047 0.658
FLBB247TBE 3184 815 1854 47 1048 71 50 1.042 0,783
228 FLS8248A T25 TB.6 28 8.8 28 57 21 1.085 0.428
FLBB248B 1724 858 3NS5 36 5186 21 19 1083 0853
FLBB24BC 878 857 22082 121 ocs 207 18 1.056 0411
230 FLBE243A k] 816 1788 65 ZTos 53 85 1.047 0628
FLBBE2458 . 828 1765 65 266.8 34 78 1.053 0.496
FL88248C 62 B41 1474 48 277 i 113 1.055 0.891
- FLSEZ50A 2856 582 933 Nnas 1898 103 14 1.083 0515
FLOB250B 2186 665 3247 69 576 23 15 1.098 0.306
FLOE250C 2155 668 1083 72 154 29 35 1.059 058
232 FLO8Z51A 421 621 2544 242 1584 132 -1 1.708 0.51
FLOB2S1B 1745 41 534 07 300 17 8 1.127 0.451
FLOE252A 2631 04 334 £T 1TAT 443 5 1.237 o7
FLSB252B 1898 mna 59 18.8 963 12 -2 1.508 024
233 FLOB253A 3053 108 180 e 381 147 1 1468  -0.048
FLOE253B 2333 783 1076 6.3 167 B8 4 1.2886 il.]
FL8B8253C 8.2 az 187.3 ae 2878 T 2 1556 0.269
ot ) FLO8254A 1680 T8 305 122 435 136 12 1.081 0.44
FL882548 574 44 4 39 448 3207 6B =2 1279 0141
FLOB254C 3096 382 1M.2 436 S58.4 n2 A3 1.088 0085
FLBB254D 2398 43 T2 464 3351 57 -1 2832 -1
35 FLBE255A as 78T 2472 47 156.5 8.2 -] 1147 o7
FLS82558 7 401 1523 4849 475 106 15 1.081 0,387
36 FLBB256A Ti.2 Ta5 267 158 1758 43 22 1.084 0.35
FLBB256B 1827 52 822 B34 2852 26 24 1213 0016
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Table B-1 AMS Data

M i

# Decin. Incin.

FLBE2SEC 805 1

a7 FLOE2STA 25 25
FLB82STC 1826 0.8

238 FLOB2S8A 3451 522
FLBE2588 203 688
FLBA258A 3083 T8
FLOG259C 071 AN

38 FLESB2G0A 408 1.4
FLSE2608 1142 mne
FLOE2G1A o0 Fa k-]
FLOE2618 248.7 iy

240 FLEB2E2A 558 178
FLOEME S07 151
FLS8262C 2441 ™
FLa8262D 2542 643

241  FLOB263A 1508 628
FLOE2638 a1 4.8
FLO8283C 28 73
FLS8263D 28 628

242 FLOB2S4A 3522 a0
FLSE2648 AT Bs

243 FLOBE2GSA 2003 236
FL982658 1358 40T
FLOB2E5SC 3006 68.1

244 FLOB2E66A 2429 T23
FLB82668 11868 a44.2

245 FLOB26TA 2585 7.8
246 FLOB26AA 21688 448
FLS82688 1023 w3

247 FLOB2E0A 26 TS5
FLOB260E 28 45
FLOE2GDC X2 522
FLBE2680 1065 83

248 FLIEZTOA 16886 68.2
FLS&27T08 1228 676

248 FLSE2T1A m.7 T8.8
FLO8ZT1B 326 T0.3
FLO8ZTIC M7 5289
FLS82T1D BB 203

250 FLOE2TZA 1812 678
FL882T28 1188 20

=1 FLOBITIA 3428 €232
FLOE2TI8 T4 304
FLS82TAC 2055 558
FLS82730 mn 51.4

252 FLOBIT4A 56 756
FLEB2T48 20685 64,2

I efmediale
Decin. _ Incin.
W7 @S
350 -5
mna 548
1835 378
T 182
8s.7 85
885 7
058 228
219 15
rre 183
682 18
1645 45
20 a1
1208 46
428 24
359 M2
T43 B28
1902 T48
B8 233
1003 a
1435 47
1492 807
157 0.1
1738 135
105 133
122 16.1
BT M2
na »7
188.1 T
865 106
1244 288
s 13
2866 66
a7 125
20.4 55
3 ea
148 196
2058 118
2142 ™2
25 158
39 9.2
905 283
2804 448
1107 38
T8.1 e
1205 14.4
1056 254

Mlaxirrwsm
Decin.  Incin.
151 25
185 44 9
1533 X4
154.1 0B
k3 168
180.7 B9
189 a8
15853 642
3201 16.4
187.1 24
1583 04
808 s
1472 228
» 10
1378 121
66.6 15
2128 54
3407 135
11 132
1908 94
533 1.7
T 164
221 T
TR6 168
122 114
275 M4
168.5 T4
3255 1789
W68 488
160 4 15
o1 128
7 =7
se8 23
3o 163
2382 T
1828 23
7.3 1.7
1074 345
3443 185
24 152
. B8
2108 364
180 18.4
133 118
173 63
2108 12
1876 43

1.374
1.741
2524
13

2.003
1.5%
5908
2281
1.085
4 854
1.3
2683
1.364
2508
23n
1.747
1.004
1.035
1.081

1.5
1172
1.537
1.467
1.629
1.088
2518
1228
1168
172
1.153
2877
1.084
1.685
1.432
1.069
1.078
1.081
1.047
1.088
1.066
1.588
1.640

028
0.082
0.039
0.323
0.752
0677
0.589
0.402
-0.045
0.731
0213
0.403
0.262
0.441
0.663
0.399
0.801
0.077
0.637
0.855
orm
0.188
0182
0.237
03
-0.298
0.453
0.139
<0.081
0677
0679
0.3
0.7
0.587
0.304
-0.338
0318
0T
0485
0.288
0213
0611

0413
0.106
0424
0.258

-178-
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Table B-1 AMS Data -179-

Minkmam Intermediate Maximum
Outcrop Sample# Decin. Incin. Decin. Incin. Decin. Incin. Kmean Pj Tj
53 FLBBZTSA 1116 481 2837 374 4.8 14.1 £ 1457 D30
FL9BZTSB 1767 30 48 47.2 2841 T3 5 2014 0.542
FLBB27SC 2885 616 745 246 1707 132 -2 1.24 -.566
254 FLSBZTEA <] Zr8 2AT5 103 2194 60.1 -21 1.048 -1
FLBB2ZTEE 1584 422 478 213 2085 402 -19 1.0 0.34
FLB8276C 543 211 3MBB 139 1978 844 -19 1247 0252
FLOBZTED 1964 532 2887 1.7 20 %8 - 1.097 0.

255 FL9BZ7T7TA 1635 858 2831 21 132 ar -12 1.103 0.18
FL98277B 99.3 402 2008 133 3053 468 -14 1.3NM 017
FLe&277C 2086 484 273D 143 1723 M1 -11 1.962 0.612
Flse277D 3074 657 1801 153 849 18.4 -1 2124 £.23

256 FLea27ea 1274 468 3585 303 2/08 276 -12 1.603 0.537
FLoB2/e8 301.7 57 1S 265 821 18.2 11 2,048 -0.507

257 FLB82ZTaA 1304 488 2672 A5 124 23 3 1311 0557
FLog27eB 3483 758 Tas5 03 1885 142 2 1.353 0551

258 FLO82B0A n 60.3 a2 116 18738 n 48 1.064 0.851

258 FLS8281A 635 . 325 477 1803 #12 -1 10468 0518
FlLoszs1B M25 3 2184 538 447 k4 ] 2158 0.139
FilsszsiC 25841 61.2 BO.7 288 3503 a7 23 1.054 0.509

260 FLe8282A 1187 437 2758 437 178 122 14 1167  -0.894
FiLgs2eze 2821 50.7 1048 383 138 13 16 1208 0.43
FLogasaC 1123 851 2275 M2 32 b 14 1.208 0.348
Floa2s2h 378 18 28 729 485 17 16 2028 0078

281 FLSaz838 ar7 TS5 2685 183 3504 28 3 1.592 01m
FLo82B3C 2732 T\.7 a7 182 777 18 2 1833 L0277
FL982830 6 64.6 T0.8 233 3368 85 -3 1.7 0.006
FLoa284a 1673 685 521 8.5 JMas 18941 5 1.182 0.043
FLo82848 141 75 2564 BB M7 134 4 1.1 0.504

262 FLoe285A 2085 182 10289 L] NTE 434 -1 1.126 0,38
FlLoe2858 318 28 228 45 i v =7 1.328 0523
FLOB2BSC 5086 82 FIER 58 1826 54 -4 1.325 0.548
FLo8288A 3211 668 6.7 45 1538 227 -10 1148 0167
FLoE2868 134 ™7 221 T 3532 88 5 1547 0349
Flos2seC 775 887 2173 201 1848 6.6 ] 1152 0532

263 FLOB28TA 2283 853 3284 48 60.5 242 -1 1.088 0.441
FLOB26TE 1088 434 270 45 8.7 8.5 9 1.148 0.842

264 FLB8288A 184 10.3 2 58 157 48.1 5 1.238 0.46
FLoB2888 2664 108 1075 785 3572 4 -t 1.181 0.48
FLoa2sac 283 545 @37 352 1868 4.4 5 1.813 0.703
FL98288D 207 508 325 123 ST 65 5 1.087 -1

265 FLoE288A 2349 34 1077 #48 3473 W5 -12 1.052 -0.68
FlLos2ssB 3523 2859 1052 16 1853 a8 -20 1.18 -0.235

266 FLE8290A T45 769 2883 126 1786 3z 20 1.103 0,076
FLoE200B 3416 816 1616 B84 20.6 18 18 1.057 0.804
FlLea2eoCc 21.2 a3 ™ 27 22 B5.8 21 1148 0351

267 Flos2MA  BS1 281 3412 243 2168 513 2 1036 0484
Flos291B 2026 752 853 132 18689 B5 a2 1.058 077




Table B-1 AMS Data
Minamm Intermediste Maximm
Outcrop Sample ® Decin. Incin. Decin. Incin. Decin.  Incin.  Kmean P Ti
FLe8291C 1027 T84 2813 108 3521 41 k| 1.045 0153
268 FLea2o28 45 574 1382 DB 22379 2098 0 2683 0512
FLBE282C 380 T8 2571 43 165.7 178 1 2.032 0275
260 FLBE283A 583 453 M23 1817 22082 402 5 1284 0887
FLS82538 ine [ 15 ] ama 27 2071 8 2 1.285 0.281
P40 FLBE2O4A 1205 @656 2732 ) T4 10.1 -1 3564 033
FLea2048 575 59 X339 M4 157 578 -1 . Feal 0 664
FLOBZ95A BT AT Inm2 ST M2 1892 -1 1.554 D45
n FLBAEZ0EA 2837 e 1666 24 758 183 -3 1.3651 <. 206
FLSEZOEE 2386 T4 1297 53 B3 151 0 3242 0.542
FLOBE296C 1858 807 T8 is 3431 86 3 1.418 0.467
Iz FLOB29TA 1188 145 B3 8T ey x5 -10 1.081 0014
FL9829TE m T41 T0.1 a 3382 155 -8 1.1 0.618
FLOBZOTC 1805 26 358 B84 [ -1 18 -5 1.223 0,629
ra FLOA2GEA T8.6 53 2173 N 3204 2.7 -10 1.066 0.353
FLBB286B 2418 628 3472 78 81 58 2 2124 0.407
FLOBEZBEC 404 628 Ire 1864 1733 183 -11 1.088 0707
74 FLOB2GGA 1624 TAT7 2865 83 188 133 -] 1.188 0,488
Fleazoes 321 585 831 ZIT MET 138 5 1255 0.0
FLS8200C 247 745 122 154 ns 18 . ] 1.14 0.143
s FLBE300A a7 TAS 2372 148 1458 4.4 38 104 0.507
FLS83008 Zrs T34 TAT 18 166 43 3B 1.038 0.435
e FLOB3MA 1445 457 2082 431 45 82 -3 1.032 0.007
FLEB30IE 3504 68 1Tda 19 838 1.4 -30 1026 D244
FLBE30MC 1345 83 22 a5 . | 24 -28 1.032 0.747
FLOE30ID 2556 534 s B1 Ba4 84 -3 1.043 0838
o FLBE302A 1366 345 4] a8 e 251 14 1.082 1
FLB302ZE T9.4 222 0.2 54.2 8.4 189 -16 1.086 0.724
FLBE302C 306 785 481 24 1386 112 -13 1.086 0.47
FLS8302D 1887 662 00 122 408 201 13 1088 D438
Z7a FLSE303A 1041 379 2888 S35 1957 25 2 1.423 0,355
FL883038 268 /5 538 451 1827 178 ] 8,804 0.08
FLOB303C 1428 6817 2852 2349 = 15.4 2 1462 0427
FLBBE3D4A 2813 262 1604 #4683 23 321 -1 1.038 0.506
FLSE3D4B 3251 <] 2182 a4 1242 255 -10 1.048 0211
e FLBB30S5A 585 6.1 207 a2 n7 165 k- 103 0327
FL9B3058 2193 588 27 2.1 100® 1682 k. ] 1.033 064
FLBB3SC 3505 a1 1684 1 T.7T ag 1.8 k] 1.008 0.151
280 FLBB306A 2863 651 1007 242 83 55 -5 1158 0107
FLSB3DGE 1373 403 21 02 Iz 48 4 1.151 0304
FLOB306C BO4 108 180 812 M51 2E5 -8 1.35 065
P FLBE3OTA 259 TAT  NMTT 05 078 158 4 1074 OH.M8
FLO830TE 2481 a4 75 a5 1435 208 3 113 0137
FLBE307C 881 85 2852 B9 M7 51 -1 1103 0087
82 FLOB30BA 2374 633 1084 175 12 10.4 14 1.08 0,352
FLo983088 218 63 1988 247 34 625 -4 1129 0.809
FLBB306C 65.1 268 MN75 N 1876 468 -13 1.067 0,005
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Table B-1 AMS Data
el i Intermediate Maximum

Oufcrop Sample# Decin. Incin. Decin. Incin. Decin. Incin. Kmean Py T]
FLSB308D b 126 35 133 a0 B -8 1.126 40376
FL8B308A 2784 118 1858 119 524 728 -13 1.157 -0.648
FLOE309B 644 2B068 N5 1553 132 -12 1.114 0.206
FLSE310A 181.8 87 20 1.126 0,636
arsa 21 11 1127 -0.405

14.1 1.6 5 1.356 013

308 62 5 1.341 0.006

2115 22 B4 1.027 0124

igag 78 ] 1.034 0111

1268 39 -2 1.683 0.306

3z 429 =12 1.064 005

1308 -2 2 am™m -0.356

24 11 -1 2144 023

2185 33 3 1.76 0.304

1078 205 & 1.525 0.688

360 13 4 139 0.865

623 48 3 1.585 0.609

362 or 14 111 0.355

201.5 85 1" 1.1 0.355

33 218 1 1.243 0.912

2075 23 10 1.083 0.268

2162 41 3 1.616 0.329

2888 B0.B -4 1.703 -0.154

107 108 1 1.081 0

3 BE & 1.5 0,335

.4 o4 20 1.077 o217

2583 a1 15 1.054 0.500

16.1 a1 -13 1.074 0.567

205 T2 -13 1.138 0.207

35689 11.8 -8 1.086 0.269

3052 Tra -10 1.208 0.784

1.2 76 -18 1.056 0213

3438 25 -18 1.068 0.347

1423 117 -11 1.035 0.506

3588 215 -28 1.048 D13

ms 123 ~28 1.038 0.803

28 54 12 1.165 0.875

1328 w|s5 13 11473 -0.575

1347 69 12 1.087 0.437

134 1682 15 1.082 035

M8 59 16 1.078 0348

210.2 89 -1 1.807 -0.682

243 1 -3 1.57 -0.066

125 08 -3 1.348 0.642

188 a6 16 1.083 0.015

1832 as 17 1.07T1 0.017

3588 a8 13 1125 0617




Table B-1 AMS Data
M b It srmediale MaxEism
Outcrop Sample® Decin. Incin. Decin. Incin. Decin. Incin. Kmean [ | T]
FL9B328D 2001 50.4 1073 3086 188 1.2 17 1.084 0,02
a0z FLS83294A 78 58.1 1512 288 2407 163 Fa | 1,085 0.464
FLB83288 2757 27 1803 837 589 57 15 1.073 0288
FLOB320C 2828 58 4 118 k] | 225 58 19 1.042 0.258
FL883280 2608 a2 683 Te 3582 1 = 1.086 0137
303 FLOB330A 2221 648 T 14.1 43 2023 10 1.132 0,046
FLSB330B 2383 52 123 191 2028 Na 1102 os7
FLS8330C 1534 6se 2807 152 158 183 11 1125 0.3
304 FLSB3IMA 2252 424 1103 247 38T A 8 1154 -0.383
FL98331B | B0s X208 59 NS5 T L 1.15 0413
FLBB3I31C a7 885 2067 T2 208 4 201 e ] 1.074 0.318
05 FLS8332A 1328 5 05 S82 275 ] =18 1.05 0.239
FLS8332B T8 | 421 1|2 227 2ma 04 AT 1.047 028
FLOB332C 2702 57 QT - 3-] 16801 126 16 11 0.023
306 FLSB333A 103.5 27 T M8 a8 a2s -3 1.04 0222
FLO8333B 2632 24.4 1054 6398 3572 ar -3 1.014 0197
307 FLBB3348 2428 476 687 423 33490 21 N 1.026 0.461
FLO8334B 2118 814 1045 28 142 82 .. 1.042 0342
FLOB334C 2583 481 1378 282 294 23 2 1.08 0.05
308 FLEB33SA 1842 1. B24 1.7 sz 8.2 3 1,788 0.483
FIS8335B 338 543 a3 23 M35 135 3 1.258 0.457
FLOBI3SC 2258 T 1108 BB 178 179 1 1135 <0.203
FLOB335D 678 801 ZTaA 5] 1831 43 2 1.605 ot
K 1] FL9B336A T88 a1 158 32 X387 536 . 1.125 0z2me
FLOE33EE 1638 604 3501 24 2586 27 3 1.325 0.548
FLOBIIEC S8 ar2 38 173 3081 4.4 0 279 0.45
o FLOE33TA o786 75 2ean 22 3285 33 -18 1.0m8 0.443
FLSE337TB 158 118 .. & 111 24 -18 1.035 0.135
kL g FLS8338A 1083 M2 2WT 113 309 6 0 3258 -0.051
FLS8338B 1248 512 266 ] T8 163 -2 1.48 0.008
FLOB338C 26 858 26 107 1843 2.4 =3 1.213 0.189
Nz FL88338A 2508 64 s 578 1568 314 15 1.003 0.553
FLBE339B 2504 T21 1348 10.4 421 144 10 1114 0297
FLBB33BC 2383 528 8.5 33 385 147 15 1.061 0.125
FL983380 2778 489 18 LX) 1154 388 10 1072 orz
na FLS83404 2] 618 262 282 1802 33 8 1183 0312
FLS83408 B4B S4T7 180 4 4 Zraz B1 T 1.188 1. 5]
FLSB340C 2562 4 438 T2 1343 52 4 1214 0.204
FLSE3400 180 L -] Be e 2 205 -] 1.075 -0.487
4 FLOB341A 2751 402 882 46 1828 28 -2 22N o3m
FLS8341B 281 783 BEE 133 1774 33 a4 1.083 0.302
FLe83IC 2337 606 360 18.4 arT 22 12 1.058 -1
FLOE3ID 3449 es n 124 135 a2 1] er -1
Ns FLS8342A 3508 44 2488 125 1485 439 -26 1.04 0.408
FLo83428 2262 198 146 87 121 111 -24 1.042 -0.382
FLBB342C £38 X M58 602 1506 13.7 -25 1.0M 0.243
B4.5 53 75 1.057 0,688




Table B-1

AMS Data

Minknum — inlermediale  Maximom

Outcrop Sample# Decin. Incin. Decin. Incin. Decin. incin.  Kmean P Tl
FLB8343B 188 a5z W57 14 258 46 T4 1.053 0379
nr FLIB3444 80.2 531 2138 2715 M4 227 4037 1.018 04186
FLOE344R T4 523 1908 M4 326 224 4120 1.018 0.47
FLSA344C RO 618 1822 121 288 B3 4N 1.02 0.400
Ne FLBE345A 52 a1 187 108 2142 21 b 1.08 0.43
FLO84SB 1323 682 2B 175 122 108 Fa 1.088 0.441
e FLos346A 821 z 21T 853 1887 12 3 120 0187
FLBE3468 481 645 2092 a7 AT - 4 1.712 0.897
20 FLOE347A 2308 658 1M1 154 1] 182 ] 1.1 0408
FL9B347B 2185 634 1014 218 1973 145 3 1.505 019
m Floa348A 2227 823 682 T4 338 2 12 1.009 0.353
FLOB34BB 1418 772 28189 65 k32 1" 12 112 0.705
FL98348C 6852 453 2783 W3 1TAT TT 1% 0.522
ax FLS83484 218 B48 1188 or 2008 5.1 5 1.103 0.638
FLO83488 ass T 1274 B4 2187 8.9 2 1.158 0.824
FLo8340C 295 B54 1978 45 28T7.9 09 2 112 0.808
33 FLO8350A 3085 B 50.4 28 1125 418 -24 1028 0138
FLOB3SDBE 2453 T3 68.1 187 3378 41 ] =30 1.03 0.327
24 FL98351A 2578 6686 083 23 a8 67 -1 1578 0523
FLBE3S1B 2214 325 23538 468 1138 253 -1 5476 040
25 FLBB352A 1174 a4 1 N8 431 21886 113 20 1.058 0.153
FLBB352B 1066 S15 0.4 126 2819 BT 3% 1.042 0.200
FLOEIS2C 1549 ™ %] 108 2833 129 2 1.077 o287
FLO98I52D 141 588 2004 185 23Mas 258 a1 1.002 0.
. FlLoa3saa 928 e 27 az 1886 o8 45 1.006 0382
FLS83S3R 618 TBA 2208 124 MB 46 ad 1.008 0.508
ar FLOB3S4A 54 1865 123 578 1855 266 AT 1.078 0.095
FLoE3548 2758 S78 1213 o 245 115 -15 1127 0.2
a8 FLBE3S5A 3438 2257 845 B3 XT3 428 -28 1.055 0344
FLo83S58 To.e 16.9 328 B3 1812 487 -24 1,058 0.014
FLOB3SSC 16827 82 1" T 280.5 3.8 IT 1.048 0.242
FL9B3AS50 1128 248 3453 528 2154 259 27 1.056 058
29 FLSE358A 58 788 2589 123 16789 48 2 1.7 0.3
FLo835sB8 2882 619 432 122 1388 249 2 1.62 0477
FLSB3SBC 2625 @23 43.4 22 140 158 3 1.378 0.342
FLOEISED 73 S05 106 B2 274 187 2 1.18 0.043
130 FLO8ASTA 107 Ty M5 7 3555 31 = 1.0M 0.319
FLO&3578 1042 682 2572 197 23\OS 82 22 1.004 028
FLB83STC 7.7 ™ 875 122 3385 43 17 1.072 0823
m FLoE3Sas 908 407 M08 473 MBS 107 30 1003 Q015
FLOE3SEE 2054 863 - ) as 187 12 3 1048 D114
FLOESBC 2672 549 TS BT 1882 51 .} 1.055 0.608
a3z FLog3sas 1161 523 04 101 68 359 4 1.7 0.484
FLOB83508 2769 479 100 42 a6 16 4 1.358 0.3
FLBEISGC 1388 0.4 2303 02 3204 18.6 1 632 0.047
Flea3dssD 2086 783 1028 112 1835 33 4 1375 002
2.7 122 10 1.116 014




Table B-1 AMS Data
Minirmasm Intermediate Maximism
Ouicrop Ssmpie® _Osch. _incin._Oecin. _iacts, Oecin. i Mwesn P 1)
FLOEMSDB 2483 619 189 85 452 22 - 1385 0.158
304 FLEB31A 1538 T8 a2 83 53 T8 ™ 1015  -0.488
FLBB31B 3387 B84 1381 15 2291 05 180 1.028 0.757
FLBBMI1C 2038 BOE 3056 18 x39 82 269 1.02 0.55
338 FLBEIEIA 858 457 2813 432 1839 7B 28 1.04 0 447
FLOBEMIBE 1262 775 286 18 1685 42 38 1.037 0435
FLBB3G4A 2253 535 na n MBE 228 33 1.04 0,382
FLBB364B 66.2 822 2835 62 183 47 28 1062 D044
FLSEIEAC 112 761 2485 ] 1548 113 » 1.055 025
37 FLOEMESA "My 0.7 imas 1 T4 857 =30 1.033 0.008
FLBB3SS5B 1309 13 A 553 40 M8 -28 1.336 0.024
338 FLOB3BEA 2T8E 426 1888 221 573 B2 -] 2748 o217
FLBEMEE 462 463 27 174 1828 35 10 1.807 0.548
FLOB3SEC 1015 725 20068 164 3504 59 1 1037 D484
FLBEMSED 2058 T51 485 58 139 1386 2 13605 0634
39 FLOBMTA 3247 653 177 3 822 12 -23 1.0M8 0.426
FLBB¥TE 3107 278 567 ZT6 1835 489 -23 1.103 0.24
340 FLOBMSEA 3INME 263 il » 858 7 21 1.081 0.195
FLBB¥S8B 1788 238 278 » < “ns =21 1.2 0843
FLOB3SBC 1528 B12 58 T4 27151 a7 -2 5369 -0.082
341 FLBB3GRA 3452 68 2438 681 B21 28 -3 10 4™
FLOAIGHE i3 B4 NI R4 TWMT WS -14 1.051 0131
FLSBMSC 150.7 B 306.1 a2 ®E a7 -15 1076 0256
342 FLOBITOA 143 24 B33 2B 22 404 14 1.1 0.082
FLOBATOB 1768 238 23 638 IMa4 10 19 1.126 0.158
343 FLOBITIA 2777  BS1 11886 49 205 13 42 1.028 0.505
FLOEITME 3548 68 1983 203 1053 ] &7 1036 D168
FLBB3ATIC 24 484 2028 21 182 M7 45 1.031 0.34
FLBBITZA 1534 296 58.3 4] 1334 604 12 1.07 -0.488
FLB83T28 383 T23 2185 177 087 05 14 1.057 040
FLOEIT2C 228 883 1758 97 Bz7 18.1 14 1.11 0447
344 FLOBOO1A 10868 682 2200 201 2087 ar 58 1.0 0320
FLSBO01 B a3 ™3 281 117 153 BA 45 1.054 one
FLO83TAA 1029 892 3INM2 166 275 122 a 1178 0,496
FL983T3B 2885 &7 832 249 1782 107 -] 1.206 o7
FLEEITIC 1714 TE4 prd] 118 25 69 g 1262 D445
FLOA3TAA n2 606 2889 78 1847 31 2 13 0.969
FLBB3T4B 3472 667 1603 ™1 2513 25 6 1417  -0.5005
345 FLBB3TSA 30BBE 481 1352 438 "2 42 1 1.747 0.528
FLOB3TSE a1 B1 182 X5 284 B2 (1] 3gm 0214
FLeS3TSC 2338 686 1132 107 188 172 3 13N 0.309
348 FLBBATEA 102 536 2059 10 028 M5 6 1941 0.476
FLBB3IT6B 1551 808 6z 05 mse a1 5 1238 0038
FLBEITEC 1M4 55 W3 308 %8 82 -5 1174 07T
M7 FLOSITTA 2419 TB2 885 124 71 8 -2 1.085 02
FLO83TTE 2527 &2 1118 W6 36 208 -10 1.114 0.474
FLBBATTC 1188 T35 2124 07 028 165 4 1084 D228
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Table B-1

# Decin incin. Decin. Incin. Decin. incin.  Kmean

348

&

&8

g

§ & & # ¢

4

FLBBITBA
FLOEITEE
FLOBITEA
FLOE3TRE
FLB&380C
FLOB3B1A
FLoa3a1B
FLOEXS1C
FL9A3A2A
FLS83828
FL9a382C
FLEB3BIA
FLOB3E3B
FLOA3ALA
FLB83848
FLO83A5A
FLBB3BSE
FLOB3BEA

FLOB3IATA
FLOB3ETE
FLSB83BAA
FLS&388E
FLSA38aA
FlLE83AGE

FLSB3G0B

CYSTOMA
cygroe

AMS Data

Minkmum  inlermediste  Maximum

856
B4
™
286 6
18
127
86
s
3334
153
188.5
1839
837
66.8
1991
147.8
100.4
1387
102
113
252
1476

Mas
185
na

241.4
129

306 4

mna

2346
689.2

2825

1778

852
1]
488
T3
851
T3
T3
708
T6
T4
855
B3.4
75
733
e
449
263
41.4
D4
818
753
nz2
438
e
31
B4.8
785
T
855
a7
T8
808
166
T28
B2
57
52
B2
144
128
69.8
163
124
558
742
588
175

2524
2547
2038
736
=22
1254
268 5
1439
88
2688
M2
55.2
2528
280 4
Tar
a7
78
:.7
e
2669
as41

ne
166
128.4

1254
1611
2524
B4 4

1074
2056

2448
2139
1182
1108
267 .4
127.8
3423

a7
76
ma
28
29
a2
186
13
5.4
36
4.4
49
148
122

141
a8
ns
na

T0.8
81
128
88
Tz
206
154
0.3
T8

25
1839
30
164.7
1326
2171
178
506
1772
178.1
M
3248
3435

332
a7
102
14.7
1882
574

a7
-1
M

103
1761
338
862

o8
55
267
62
162
151
15
138
128
121

43
27
1.2
66

02

9.4
36
13
19
2
158
453

1289
179
64
p.-§.]
185
o8

96
BT
-1
245
78
124
56
154

6.1
%9
48
a8
48

F.. ]
i
14
12

Leguva32338

NNajY422azhoNNLL

~@E~@metheo o

aabh bR

1.m
1073
1.307
1.185
1.107
1.038
1.052
1.085
1126
1.184
115
1.077
1.314
1.132
1.1
8217
258
1,602
1478
1.052
1.062
4,809
1.268
1.08
1.418
1.081
1.068
1.124
1073
1.168
1173
1.158
1.048
1.073
1.074
12
1.116
1.102
1.005
N
1.096
2874
8 492
1.383
1.114
1.05
1.04

0.53
0512
0182
-0.206
065
0.581
0374
0185
0.479
007
0.281
0.267
0.208
0.575
0.484
0.584
0372
0.488
0.204
0.698
013
0.184
0.432
0213
o.es2
0283
0.473
0.002
0414
<0163
0.308
047
0.607
016
0.126
0626
0116
0134
0.165
<0538
0421
-0.402
-0.485
0.216
0.085
o.02
-0.662
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Table B-1 AMS Data

Minkmuwam Intermediate Maxrmium
Outcrop Sample# Decin. Incin. Decin.  Incin. Decin.  Incin. Kmean  Pj Tj

CYS705D 2729 233 1M8 243 “nz 553 15 1.078 0.468
g CYOT08A 7o 45 ) 407 1634 16 5 1.188 0.43
CYOTOGB 1518 164 299 T0.8 58.7 a8 & 2502 0.169
CYS7TDEC 2881 B1.8 678 T2 178.4 42 -8 3265 D204
CYSTED 2411 258 360 45 1321 33e T 1.138 40.189
CYST06E 8] 677 183 T8 213 X8 -7 113 40.535
i CYSTOTA Ta.4 688 2685 186 1751 a8 -1 1128 0536

CYST07TB 328 T21 B28 18 1751 16.1 0 3.047 0.858
CYgroyC 3096 838 51 13 1411 6.1 o 3367 02m

CYS7ToTD 288.5 56.7 178 1349 8.3 20 -1 3387 orT
CYSTOTE 2741 622 743 265 16884 8.1 -1 2.808 0248
g CYS708A 63.2 338 251 548 34 8.6 ] 1088 0123
CYST08B 263 822 15.4 68 1058 4 -8 1.245 -0.057

CY9roeC 2753 518 aze 20 1354 n 8 1174 0.267
- CYS708A 3405 632 1004 141 1858 224 -1 1075 0743
CYoroee 2639 1386 A0S 68.1 169.6 17 -11 1.107 0.025
CYeToeC 2376 812 80.9 8.1 3505 35 12 1.04 0.1

CYo709D 3186 625 2133 B.4 1182 28 -12 1.07 -0.0488
CY9TO9E 23 33 2182 S05 1188 a3 -1 108 LHax
CYSTOaF 2386 49 1343 131 838 38 -1 1.0M 0.285

CYIT104 69.4 B03 2866 245 1803 159 4 1106  -0.087
cYsTiOB 3528 782 2284 68 1371 a8 -11 1064 -0128
CYSToC 2783 144 Tar T4.8 183.9 5.6 -8 112 0288
CYST10D a7y 144 2068 1751 83 -10 1.072 0.153
10" CYST11A 1258 30 01 251 28 2 1323 0681
cYs™1e 2821 48 61.8 166.9 2 -1 1.538 0.298
cygriic 798 439 287.8 1B8E 1441 -1 1.991 0718
cYaT1D B80.7 585 2478 1756 a3 0 4522 0.405
11 CYaT12A 20.1 45 2978 415 18948 143 -18 1.059 0.608
CYgrize 831 304 2751 58 176.1 53 -18 1.083 0.086
cygmac 998 375 278 518 53 58 -18 1.068 0347
CYamap 387 B46 14686 19 68 52 -19 1.031 0.007

FITE:

CYgT3A 838 g8 3573 M5 1971 538 =T 1127 0307
CYST13B 3405 403 1343 44 2429 185 8 1.075 0.348
CY8T13C B4B 88 1807 285 3WSE B3 -8 1.115 -1
CYoMaD 2283 423 838 417 3364 185 8 1.120 012
CYST2E 280 40 693 458 1783 158 8 1.25 0.211
1 CYgM4A 2923 736 1027 163 1934 27 18 1.083 0.086
CYST14B 3274 T34 683 s 18032 161 16 1.037 0009
CYgT14C 45 854 2251 48 @51 548 17 1.045 070
CYET14D 88.2 30 2573 583 3561 53 21 1.053 o103
13 CY9T15A 24 T468 2734 54 1818 144 24 1.051 omaz
CYSTISB 1128 54 2843 258 171 4 = 1.041 01
CYBTI5C o 45 40 2e 1401 A . 1048 04092
CYOTisD 2878 415 1003 483 1044 38 24 1.028 0136
CYSTISE 1041 287 2246 435 3533 335 prc 1.07 -0.58
14* CYSTZ1A 78.3 e Zm 865 1724 98 -2 1.622 0.337




Table B-1 AMS Data
Minikmuam intermediate Maximum
Outcrop _Sample # Decin. _Incin._Decin. Incln. Decin. incin. Kmean  Pj 1

CYS7218 2635 225 188 458 1564 357 5 1243 0114
CYST21C 2673 1668 358 643 1714 19 3 1215 0474
CYS721D 3068 45 879 378 1948 205 & 1138 052

15 CYOTZ2A 3078 617 1034 261 1984 101 3 1305  -0.045
CYS7TZ28 2359 T91 666 108 31 2 5 1006 0221
CYST22C 958 254 16 408 2079 387 5 1201 0579
CYSQTZ2D 148 Tr4 2501 23 3405 124 5 1.167 0.285

16 CYSTZ3A 886 184 2461 703 3861 69 8 1138 0425
CYST238 922 100 083 776 1834 72 12 12 0
CYSTZ3C 83 168 2345 To2 1744 103 15 losa 0058
CYS7T230 323 618 S47 195 1919 194 11 1105 0811
CYSTZ3E 1033 618 2845 283 1943 06 13 1084 0145
CYS7T23F 2469 749 668 151 3443 189 9 1221 0378
CYSTZ3G 1031 S48 3229 573 2023 184 12 10861 044
CYS723H 2538 46 2241 67 331 175 13 1411 0309
cyar2al 123 Taz 1133 23 2038 N8B -] 1.078 oo

17 CYST24A 422 803 2874 41 1866 B8 17 10107 0248
CYS7248 3351 818 1068 S4 1976 61 20 1081 0267
CYS724C 1217 878 2084 2 364 15 20 108 0267
CYS7240 2885 801 1153 99 2054 08 16 1116 0547
CYST24E 1881 852 23 1 A3 48 Fa 1119 0.583
CYST2F 202 751 973 144 1883 37 20 108 0075
CYST24G 43 824 2911 28 2008 71 2 1007 0165

18 CYST25A 969 N1 W0E1 S57 1961 131 -19 1.0468 01z
CYSTZSB 957 38 2476 485 3541 143 20 1086 0216
CYST25C 934 178 3105 681 1874 124 21 1041 0101
CYST2SD 1334 52 2234 628 408 25 -1 1.053 0284
CYST2SE 828 623 2724 274 1803 4 -2 1058 0674
CYS726A 801 231 1978 368 345 453 -1 19 o=
Cyares o4 4 25 25006 6583 3585 108 -10 1.107 0.285
CYST26C 2841 442 901 45 1871 72 13 1047 030
CYST28D 901 45 2788 447 1844 43 12 1128 0358
CYST26E 2549 328 1266 44 52 283 & 1368 0308
CYS726F 928 191 2346 662 358 138 13 1084 OM1
CYSTZTA1 2604 417 673 477 1648 66 " 1.087 -0.18
CYSTZ7AZ 2966 418 901 45 1941 136 12 1002 043
CYST27A3 1083 S8 2409 253 3481 1688 10 105 0180
CYSTZ7A4 961 99 1884 133 3303 733 14 112 059
CYSTITAS re 28 1489 572 178 B4 12 1074 00094

19°  CYS7Z/B1 2381 743 782 148 65 52 7 112 01%
CYSTZia2 21068 743 S48 144 311 63 13 1083 0255
CYoT27B3 1858 S83 3M8 09 654 63 15 1048 015
CYST27B4 1948 892 894 S8 34 0 19 1083 0013
CYST27B5 1971 648 67 199 3214 149 19 1057 0104

20" CYDT28A am A 100.1 121 1911 44 28 1.048 0ATT
CYS728B 387 718 1304 03 2204 18 38 1082 035
CY8728C 2798 661 T48 z 168.4 81 47 1.03 -0.423
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Table B-1 AMS Data
Minimasm Intermediate M axirmum
Outcrop Sample# Decin. Incin. Decin. incin.  Decin.  Incin.  Kmean P Ti

CYeT280 2925 653 538 134 1488 204 34 1.035 0.641

CYST28E B4.6 772 2458 128 1559 03 i :] 1.051 0.154
CYBTZoA 57T B1.2 261 8.1 170.4 a5 13 1.083 0.29

CYa7298 405 758 2613 108 1694 8.1 13 1.068 0.347
CYST2eC 329 565 1233 N3 201 10.9 13 1.03 0.007
CYa728D 35 708 1351 0 1351 183 11 1101 0.807
CYST3I0A B38 648 2663 ¥~ 175.8 09 =14 1.142 0.683
CYST30B 2875 388 1273 482 586 104 -14 1.034 0.208
CYS730C 3056 538 538 129 152.4 12 -13 1.038 <0192
CYSTIA 1409 347 2765 458 33 236 -15 1.103 D448
CYaTHMB 9586 201 35 568 1956 253 -13 1123 0087
CYST3IC 2825 T36 1142 161 224 a2z -14 1058 0745
CYs?T3iD 3221 18 14T8BE T18 527 18 -14 1.028 0.007
CYS732a 2768 633 768 23 1708 78 -10 1.064 0674
CYs732B 3005 462 808 3B5 1871 200 =10 1.048 0211

CYSTI2C 2458 T44 836 148 3524 46 -8 1.087 0.269
CYaT3zh gr.8 78 185.4 4 360 45 -10 1.029 -0.328
CYST32E 55 653 318 103 20768 223 -7 1.053 0.013
CYST48A 34 438 1261 3B 2181 46 3 1.228 D387
CY97488B 901 45 2815 445 1858 5B 0 5.456 0.56
CYS748C 435 36 180.1 45 254 82 1] 4455 0561
CYS748D 22 56.5 2366 N3 1389 108 1 1313 0.546
CYBT4BE A 53 2873 53 147.3 B3 4 1.134 0,306
CYaT4a4 186 T4 1378 68 223 19 100 1.092 0,65

CYO9T7458 k] nz 295 a7 203.4 181 a2 1.085 0573
CYST748C 158 T47 1414 84 2334 123 67 1.088 0.708
CYS748D 131 BB4 1689 0 2628 78 BB 1.082 035

CYSTS04 117.4 582 83 11.8 7B 283 85 1.078 0.662
CYS7508 1281 485 338 I3 268 158 68 1179 0.683
CYS750C 1186 603 388 283 2241 BA 57 1.082 0.723
CYSTS00D 106.6 851 3033 24 2104 6.3 80 1.077 0.89

CYSTSOE 1087 653 2604 2 B46 106 75 1.082 0.962
CY3TS1A 262 527 84.1 73 3533 1 157 1.052 0377
CYST51B 2645 548 871 347 3 58 136 1.057 0.488
CYSTS51C 2554 45 Td4 dd 1649 0.4 146 1.044 0.483
CYSTS2A 55 763 285 BB 184 .4 106 24 1.064 D478
CYBT52B 826 663 27668 228 1859 15 .1 1.066 0.264
CYST52C 869 141 3385 S1.7 1869 348 Zr 1.066 0.54

CyorsaD 2968 815 72 225 340 165 s 1078 0637
CYsTesA 1022 3 358 545 2038 K55 T 1122 0083
CYoT668 926 201 28/73 631 18586 B4 - 1.33 0.012
CYgT66C 101.2 465 261 4.7 D3 103 3 1.361 -0.442
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Table C-1

Outcrop
5

|~ o

108
11
12
13
14

15

19

ELbEBRYERE2EREY

dIITBRAIR2ZBLULEE N

Sample decin. inclin.

FLBBOO4A
FL9800S0
FLOBO0BA
FL8a007c
FLOBOOBA
FLB8013A
FLOBO14A
FLS8015A
FLBBO16A
FLSa017R
FLSB8018A
FLS80198
FLe80208
FLSBO244
FLSB024C
FLOBO2SA
FLOBO26A,
FL2B0308

FLB80358
FL98038A
FLSB030A
FLSS040A
FLS80438
FLSB044B

FLSBO04EE

FLOB0484
FLOBOS2A
FLSB054A
FLOBOSEA
FLSBOSTC
FLS8058A
FLSB058A
FLSBO60A
FLS8065A

GBFLOO3D
GBFLOO4A
GBFLOOSC

FLOBDE9A,
FLSBOTDA

FL9B0TSE
FL98OTEA
FLSBOTEA
FLS8081A

AARM Data

minkmum  intermediate  maximom
decin. inclin. decin. inclin. Kmean Pj

1438
13
3.2
5389
3342
2416
190.6
2ro
2408
2502
2341
2432
320.2
21489
114

178.3

1216

I
17.4
15
5.7
T35
69.6
59.7
56.1
16.1
s
69.6
556
ma
8.4
381
423
T3
B34
.2
9.7
S8.8
61.3
58.8
76.1
Tz
a1
58.1
51.5
678
164
27
T4
a7
69.8
545
6.3
567
BaS
58
e
742
69.3
569
&7.8
723
55.1
56.4
381
T21
843

78
2683
2458
20086
2586
1166

81.3
160.8
150.6
140.1

13586
2154
1142

468
2451

2333
1841
as0.9
aET3
8.7
1324
1285
1183
ar2

2725
1512
2624

3203
2658
258.2
a2
ez

2827
106
3008
e
1343
287.3

311
3331
308.8

»nar
3082

128
85
733
a3
53
1.8
53
124
28.4
289
193
1186
31
132
481
466
68
85
%9
45
8.1
121
18
103
45
14
113
347
12

263
154
451
18.6
283

81
48
45.4
8.1
155
135
a3
185
15.5
25
334
40.1
174
1.3

47.9
1509
1311
A6
1341
231
3583
63.2
55
175
330.2
382
1247
8.7
1138
145
1532
B85
1208
933
86.1
832
86.7
40.7
T
.

E
127
60.7
17
98.7
292
4B
3506
2202
55.7
anT
53
178.9
38

40.5
278
2301
2189
233.2
2168
30.3
449
83

13
69.9
T
16.4
154
161
27
308
56.5
42

nT
116
485
16.2
76

154

9.2
294
25.4
2359

8.1
181

8.2
8.2
143

545
482
4.1
234
72
19.4
14.3
e
42
439
94

154
o8
103
82
168

255

5.4

3
4
1
1
1
1
2
4
3
3
3
3

167

1.06
1.044
1.072
1.089
1,088

1
1.052
1.042
1.006
1.062
1.099
1.087
1.061

1.077
1.116
1.105

1.343
1.084
1.111
1.152
1105
1.078
1.044
1.089
1.082
1.1056
1.028
1.049
1.185
1.052
1135

1.14
1.066
1.428
1.088

12
1.297
1.402
1.237
1132
1.116
1.208
1.185
1.146

1.09
1.088
1324

T
0014

0.0
0.996
-0.998
0.e97

-0.996
0.01
0.993
0.015
0.997
0.351
0.154

-0.997
0.8a7
0.997

0.395
0.015
0.026
-0.302
0.9a7
0.61
0.482
0.ea7
0.897
0.997
0.891
0.508
0.203
-0.908
0.029

0.23
0.016
0529
0.8a7
0.045
0.698
0.607
0.378
0.220
-0.908
0372
0.898
0.352
0351
0.9a7
0.80
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Table C-1

gErEs=zgd

B9gB2

106
112
114
122
128
132
134
136
138
140
142
143
145
147

148

151
152

153
154
158
183

164
165
166
167
168
169
170
1m
172
176
180
183

FLSBOE2A
FLS80E3A
FLo9B0848
FLoa0asa
FLSB0BEA
GBFLO10B
FLSB090A
FLS80908
FLe80S30
FL9B0948
FLSB0S8E
FLS80958
FLS8100A
FLS8108A
FLSB118A
FL98118B
FLSB126B
FLS81358
FLo@1408
FLe@a1428
FLSE1 444
FLOB1478
FLE814394
FLOGB151A
FLS8152A
FLS8154D
FLea1588
FLeB1598
FLS&1608
FLOB1B1A
FLSB166A
FLBa1678
FLO81688
FLea1698
FLSa1708
FLS81748
FLsa181B
FLS8182A
FLOB1B3C
FLeB184C
FLSa1858
FLe8186C
FLSB18TA
FLOE18E8B
FLoB185A
FLS2190A
FLSB191A
FLOB1958
FLaa19s8
FLO8202A

AARM Data

minimam  infermediale  maximum

1443
1579
272
304
58.3
180.5
20.5
2343
439
2575
1422
206.4
260.9
2821
276.4
8.2
128
3299
2853
164.1
gr2
1838
3504
0.4
1483
148.9
1368
145.6
180.5
1558
155.3
178.2
145.3
1585
135
939
168.6
1723
135
1.6
1518
167.2
119.4
158.7
1211

1254
1412

BEE

73
8.8
86.8
63.8
841
T16

25
58.8

s
66.2

60
69.4

B4
B24
745

72

16
E7.8
654

47
1.7
738
737
T4.8
533

456
632
6683
66.3
69.7
s

546
58.1
66.2
654
48.4

51.4
483
435
Hu.7

aoa.7
300
153.2
1481
2161

2018
2804
2842
2745
2748
2871
2978
2885

301.5

2758
oz

208

e

219

32s

163
6.5
31
248
5.4
6.3
638
115
139
4.4
289
73
55
42
10
4.4
176
6.2
0.2
1
s1.7
as
27
14.1
26
1886
M5
Ns
a2
19
17
10.5
16.7
175
353
258
16.8
213
433

271
352
452

T3
386
281
287
331

29

40
05
63.1
55.6

306.3

348

asra

81
136
BS.6
|9
83.8

1104

199
208
b

2.4
245
nz
36
16.2
41.8

855
285
|
258
541
2131
50.7
284.3

2515
118
50.4

1724

42
-
03
T3
21
171
6.9
274
505
232
7
1841
3s
6.2
11.4
17a

21
245
408
285
131
159
52
228
188
241
275
252
135
159
17
6.9
27
22
172
163
1186
33

182
g
18.1
588
52
223
30.2
1.4
348

Outcrop Sample decin. inclin. decin. inclin. decin. inclin. Kmean

MM = o= k)N =D = e ek B WN =D = N s =] =0 = =00 KO Wk

-
=]

...;....E
= h = - = h 0O W A th O = @

Pj
1.304
1.26
1.229
1.138
1.336
1.129

1.077

1.181
1.026
1181
1.048
1.
1.082
1128
1.108
1.041
1.105
1.085

1.0684
1.181
1.08
12
1.174
1.083
1181
12
1.133
1138
1123
1.212
1181
1.234
1.243
1.2
1.105
1.148
1.006
1.118
1.0
1122
1.061
11437
1.48
1197
1.074
1.088

T
0.699

0.472
0.483
-0.305
0.895
0.908

-0.997

0.041
0.008
0.041
-0.996
0.345
0.887
0.998
-0.998
0.894
0.354
o.022

0.906
0.041
o.021
0.045
0.0
0.02
0.041
0.045
0.35
0.032
0.154
-0.096
0.041
0.998
0.816
0.157
-0.042
-0.533
0.353
0118
0515
0.028
0.996
o682
0.368
0.027
0.017
0.e97



Table C-1

Outcrop Sample decin. inclin.

e

B2REFP

s2HEHREEE

SEBBNBHRBERBEZ

8

B OBBIISNBERBUNBRRR

FLS8202C
FLE8203C
FLOB205C
FLBB206A
FLOB209A
FLa82108
FLSB212A
FL98218A
FL9B8Z20C
FLoBZM B
FLeB222C
FL98223A

FLS8237C
FLOBZ38A
FLS8Z38A
FL982404
FLB8241A
FLSG242A
FLS8243A

FLSB245A
FLSB2488

FLS8248C
FLSB250C
FLDB252A
FL982588
FLOB258C
FLSB261A
FLOB263A
FLSE2648
FLo8270B
FLSE271A

FLOB2BOA

FLSB288C

FLSB293A
FLoB296C
FLSB300A

FL9830SC
FLOB311A
FLS83128
FLO8314A
FLS8316A

AARM Data

rinkmwam Intermedisle  maximom
decin. inclin. decin. inclin. Kmean Pj

936
148

161.5

1075
61.8
1364
2831
2441

1537
1385
17

m.r
140.4
166.9

1466
147.7

1426
134
1509
158.4
136.3
154.7
1348

g67.9
467
381
483
T4
61.4
M2
w2
47
433
51.2
423
B

75

B45
587
62.4
69.1
416
48.4
473
41.8
N9

583
4.7

T0.8
381
871
T

502
68.7

e
2872
260
2789
350.4
285.2
254
281.1
2756
208
28289
2641
443
104.4
1236
116.7

Hes
2814
78
3334
3235
2533
TiB
1212

46.8
2818

268.7
3206
309.4
1196
2019
s
AT

Nzs

16
a2
18.9
187

1.4

5.4
224
125

68
a7
242
426

448
16.2
1741
259
183
28
30
24
105
6.1
29
21
444
M8
204
282
18
514
388
3|S5
ar
113
523
383
258
N2
Iz
04

186.1
ny
106

22
247
n7
139
36.4
32
®BS5
27

16

260.4

amz

k|
185

808
173

2318
137
3.4
185
286
48.7

20

222

2287

2325

a5

161.8
283
82

290 4
19

2218
172
25
419
28.3

3488
aa
3.4
124

83T
a2

49.9
382
e
e

MNas

0.1
Fal]
44.1
3E6
456
189.7
28.4
335
30.4
10.4
21.2
33.3
759
158
247
18
241
198
8
< i g
12
a7
285
41
25.T
285
155
19.1
T4
1.4
155
30.4
48.5
1.6
284
245
14.7

181
121
27
232

P T - O P S,

—_
=

u-num—uuuu-—nu—umuu-nu{n;nuun:u.b.—-uﬁnm

1.082
1117
1.081
1.085
1.089
1427
1.153
1.086
1.096
1.105
1.217
1.2
1.09
1.088

1.02
1.155
1.054

1.1
1.077
1.085
1.082
1.068

in
1.107
1.103
11497
1.085
1127
1191
1.224
1.162
1.137
1.234
1.088

1.12
1.105
1.017
1.168

1.064
1.09

1.08
1.1
1072
1.112

"
1.125

1.13

T
-0.998
o.027
0218
0022
0.897
0.029
0.035
0,091
0.023
0.025
0.29
0.045
0.0
0.8998

0982
0.808
0.564
0614
-0.183
0.471
0.316
-0.997
0.518
-0.086
0.024
0.304
0.35
-0.307
0.733
0.247
0.164
0.988
0.988
0353
0.028
-0.312
0.996
0.226

-0.997
o.021
0.032
0018
0.026
0.996

<0.31

0175
0.029
0.521



Table C-1

acBEBER

- - 3
m =~

—_
L]

BEERE 58 BEBLEBREREE

=

ER488 8

-y

a %

Outcrop ~ Sample

FLBE318A
FLBB320A
FLS8330C

FLSB3ISC
FLB&342C
FLOE3434
FLER344A
FLO83454
FL98348A
FLaa34TA
FLoa3488

FLS8353p
FLBB3ISE6A
FLBEASTA
FL98358R
FLSB3G0A
FLSE3S1A

FLS8E3SE6D
FLea37T18

FLSE301A

CYersic

decin. inclin. decin. inchin.

177.2
1383
1342
2041
1378
1358
1181
117.8
267.7
2442
arA

Tz
1215
2801
114

84,3
1.4
1701

1337
1348
1452
65.7
210

1475

1212
31248
nr
1876
161.3
1376
Mz

e
17
1188

AARM Data

481
482
443
478
s

80.9

T0.7
a7
s

-1}
T
8.2
40.1

T2
821
559
B8

444

T46

403
.5
554
572
68,3
58.3

TS
161

TeE
BAS
675

i
s1.7
10.8
53

kel
433
T

48 4

inlermediate maximom
decin. Inclin. Kmean P

an.tT
Mo

159.7
3438
184
1T8.4

304
174
s7T
1948
150.7

28

2887
me
3353
18
30861
A
2162
amz2
1525
188.7

3083
M5
1148
N24
124.2
3026
300.4

1125
1887
ImT

3183
3383
1671

1238

5.1
445
29
L1.]
21
29
2008
MNe4
a7
755
8T
88z
538
300.4
838
2440
228
3483
242
231
o |
na
28
2440
a5
200.7
30.7
088
ma
572
2008
16.4
ze
w
4
Fat.]
e
3
3.1
B5
(1]
128
3423
22
126.1
208.7
248 5
248
382

2108 245

40.7
4.8
8
X8
249
a7
04
|8
181
24
18.3
¥y
43
113
6.4
B4
404
1s
n7
a5

145
23
47.9

259

73
01
BE
47
N4
16
29
06
a7
a7

201
85
126
136
ase

06

145
46.6
6.4

1z

- =1 o
tﬂﬂ-‘-‘"""FF‘nﬂ-‘ﬂﬂu-‘-‘LH-‘-“MQ“HLﬂ-i-‘.-”;M-N*”‘ﬂ.--unqﬁ;a”u“-ﬁ-n

—_

1,086
1,082
1.055
1.166
1127

1132
1.108
1.041
1.074
1.237
1.064
1.20
1.033

11
mm
1.048
1.077
1.1
1.082
1.1056
111
1.101
1.077
1.184
1,088
1.082
1228
1m
1.068
1.047
113
1.335
1.2
1437
1142
1147
1.2m
1,088

1.168
1.02
1.105
1.1
1.108

1.077
1.168
1.158
1128

Ti
0.897
0.997

-0.999
0307

o762
0.415
0.342
0996
0378

073

0.023
0.026
0.995
-0.997
0.041
0.0z2
0025
0.028
-0.483
-0.997
-0 899
002
035
0.846
068
ome
0.343
0.0
0.801
0.673
0998

0307
o087
0.023

.999
0.005
0.998
0041
0.808

-0.897
0.008
0.865



Table C-1  AARM Data -196- —

T intermediate  maEmoam
Ouicrop Sample decin. inclin. decin. inclin, decin. inclin. Kmean Pj L |
wr CYSTSZA 1633 683 35 1685 X6 136 - 1125 0.358
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Table D-1

Sample ¥

FLSBOI1A
FLBBO3TA
FLOBO41A
FLOB0L3A

FLOBOSTA
FLSBO4SA
FLOB0S1A
FLBBO53A
FLOBOSSA
FLSBOSTA

FLOBOGTA

FLSBOETA
FLB80G2A
FLSBOT1A

FLI80DA
FLBBI0MA
FLeg1048
FLS8105A
FLI810TA
FLEB109A
FLBBT111A
FLS8113A
FLI8115A
FLBE11TA
FLOB110A
FLEB121A

High Field Susceptibility Data

Mass Kmatrix
kgl m"neg)
SE-D6 7.07SE-09
4E-07  -3.BASE-0B
TE-O7  -1.433E-08
33ED6 THHEDS
BE-OT 4 4TIEDS
4E-0T  -BBT4E-DB
J.5E-06 6 434E-D9
21E-06 1.063E-08
33E06 3.BBOE-10
23E-D6 1.234E-D9
44E068 1.102E-08
29E-06 BAE-DI
TTED6 \.TZE-DB
1.8E-06 1.239E-08
18EDE -3MTE-08
51E-06 4675E-08
39ED6 1257E-D8
4E-06 1.608E-08
62E068 1.TZ2E-08
31E-06 BS50TE-D8
S.6E-DE 1 546E-08
23E06 2685E-08
33E068  1.082E-08
86E-D6 1.533E-08
36ED6 1.B3ISE-D8
29E068 A424TE-09
18ED6 S5B81E-09
21E06 1.155E-08
G4EDE 1.850E-08
42E06 1520E-08
3BEDE S.0M0E-D9
22E-D6 2.450E-08
JEDE  5180E-10
21E06 TOXSEDS
42ED6 1.223E-08
22606 2111E-D8
21E-06 1.5T1E-08
23ED6 1.78TE-08
1.7ED6  1.596E-09
1.5E-08 S5.4TSE-08
1.4E-06 6.120E-08
2E-06 6 SGSE-10
1.2E06 -9E633E-10
45E-D6 4158E-08
3BEDE I T4S5EOS
S54ED6 1.13E-08
BE-D6 2.580E-09
31E-08 S5M5E08
-2.388E-09

Kferro Kiotal
i) im*ng)
1.323E-11 7.088E-09
5.386E-08 1.541E-08
TE16E08 6.184E-08
1.290E08 2041E-08
3D16E-10 4 TTSE-09
B1DBE-DB 1.234E-08
2011E08 2.654E-08
1.495E-08 1.219E-08
9.130E-08 0.508E-09
1.714E-08 1.837E-08
S026E08 6128608
1933608 2B15E-08
1.ITEDE 2B39€-08
3500E-08 4 829E-08
4560E08 4.237E-08
1.605E08 2.072E-08
2T1TED8 JSTIE-08
2693E08 4.301E-08
1933E08 J654E-08
2011E08 2861E-08
BOTEE-09 2443E-08
4 45TE08 T7.1TEE-08
3307E0B 4.458E-08
1.B4TE08 3.1B0E-08
3141E08 4.9TEE-0B
GE13E-00 1.088E-08
SOB4E0S 1.188E-08
1.7TO6E08 2952E-08
1.450E-08 3.109E-08
1.933E08 3453E-08
2792E08 3.693E-08
1.323E-07 1.588E-07
1.706E-08 1.744E-08
1.396E08 2.189E-08
2452E08 J6T4E-08
A0TEQE S418E-08
2513E08 4.084E-08
1.585E.08 3.772E-08
1.206E-08 1.366E-08
6.283E00 1.176E-08

B.419E-00 0.110E-09
1.7S8E08 1.663E-08
1.654E08 2.07T0E-DB
S.Z3BE09 BOBIEO8
2856E-08 198TE08
2792E-08 2J0S1E-08
2858E-08 1.388E-08

0.0019
34858
1297
0.8387
0.0632
6.5703
0.7578
o127
0.9614
0.9328

0.6866
03835
07434
1.0783
0.7744
0.6837
0.6261
0.5280
07027
0.3674
06253
0.7818
0.5180
0.6313
0.6089

06083
0.4665
0.5587
0.7560
0.8438
1.0298
0.6378
0.6672
06104
06154
05263
0.8832
0.5342
0.5068
09232
1.0580
0.7990
0.5830
07164
08152
0.8431

paramagretic matrix

diamagnetic matrix
paramagretic matr
PAFRTAQTEC Mt
dismagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matri
paramagnetic matr
paramagnetic matri
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
diamagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrb
paramagnetic matrc
paramagnelc mati
paramagnetic matrix
paramagnetic matr
paramagrestic matr
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrb
paramagnetic matrix
paramagnetic matrix
paramagretic matrix
paramagnetic matrix
paramagnetic matrix
diamagnetic matrix
paramagnetic matrix
paramagnetic matr
paramagnetic matrb
parsmagnetic matrix
parsmagretic matrb
paramagnetic matrix
paramagnetic matrix

paramagnetic matrbx
dsamagnetic matrx
paramagretic matrb
paramagretic matrix
paramagnebic matrix
paramagnetic matnb
paramagnetic matrix
diamagnetic matrb




Table D-1

Sample ¥

FLOB1Z3A
FLS8125A
FLOB12TA
FLO8131A
FL98133A
FL98135A
FLB8137TA
FLS8139A
FLSB141A
FLS8143A
FLSB145A
FLSB14TA
FLOE148A
FLIB1S1A
FLIB153A
FLBB155A
FLOB1STA
FLOB158A
FLSB161A
FLOB1B5A
FLSB16TA
FLSS8169A
FLSB1T3A
FLI8175A
FLSE1TTA
FLog181A
FLBE1B3A
FLOS185A
FLOB18TA
FLa81S3A
FLS8153A
FLO819SA
FLOB19TA
FLSE109A
FLOE201A
FLB8203A
FLSB205A

FLO8211A
FLIB213A
FLOB215A
FLSB21TA
FLSEZ194A
FLSBZA
FLS8223A
FL98225A
FLOBZ2TA
FL8Z29A
FLS8231A

High Field Susceptibility Data

Mass  Mmatricr Kfermo  Kiotal
mag)  m'ag e

inal
36E-08
4E-DB
5.0E-08
2.2E-08
2.5E-08
21E-08
5.BE-D5
41E-08
3BE-08
22E-08
4 3E-D8
53E-06
55E-06
4.2E-08
6 4E-08
3.7E-D8
8.3E-08
41E-08
3BE-DS
SE-08
I BE-D6
1.TE-08
SE-D6
1.1E-08
3.8E-08
4E-D8
5.7E-08
TAE-D8
32E-08
4 4E-08
ABE-DS
22608
3E-08
A 4E-D8
2.9E-08
3.1E-08
2.TE-D8
3E-08
3.3E-08
27E-D
6.1E-08
4TE-D8
B8.2E-D8
41E-08
8.1E-08
2.8E-08
5.8E-D8
7.8E-08
6.4E-08

-4 IISE-00
A8 922E-10
1 546E-08
7.163E-05
1.284E-08
8.256E-09
1.B35E-08
1.17T2E-08
6.157TE-09
1.60BE-08
1.185E-08
1.533€-08
1.935E-08
2852E-09
1.307TE-08
3. 220E-09
2.6809E-08
A 26TE-08
1.985E-08
8 69GE-09
B1GBE-09
1.835E-08
9.852E-08
-1 S96E-09
2.1BBE-09
-2.198E-08
8.673E-09
2.300E-08
5516E-09
1.923E08
1.382E-08
1.307E-08
1 S9G8E-08
8.3M1E-08
4. TI5E-08
1.2826-08
1.621E-D8
1.111E-08
1.064E-08
-1 910E-09
1.1TIE08
B8.005E-09
2086E-08
1.BOSE-08
2.073E-08
3.806E-D8
8.911E08
2 300E-08
-5.353E08

3.42TE-D8
1.538E-08
1.169E-07
B.976E-09
5. T44E-DB
B.876E-D8
2.782E-08
1.396E-08
2416E-08
1.933E-08
1.TO4E-08
1.5THE-08
1.64TE-08
251308
1.450E-08
3.968E-08
1.1568E-08
2.284E-08
314E-08
1.047EQT
3.016E-08
1.698E-D8
8.299E-09
1.T33E-08
1.033E-08
1.142E-07
B.6668E-08
2TIZE-DA
251308
2.248E-08
A0TE-08
2 416E-08
4 B33E-08
2.2684E-08
5.675E-08
3.491E-08
3.401E-08
2.185E-08
2.513E-08
3.TZ3E-08
1.033E-08

1.323E-08
1.972E-08
1.047E-08
5.454E-08
8.666E-00
1.396E-08
1.753E-08

2 993E-08
1 445E-08
1.323E07
1.614E-08
7.038E-08
1.723E-08
4 627E-08
2.568E-08
3.032E-08
3.541E-08
2.BO9E-08
3104E-08
3.583E-08
2.7T98E-08
2.75TE-08
4. 201E-08
3.B45E-08
5.552E-08
5127E-08
1.1MEO7
IB3IE-08
A6IIE-08
1.915E-08
1.573E-08
1.251E-08
1.120E-07
1.033E07
S.0ME-08
3.085E-08
41T1E-08
4. 690E-08
3. 7T23E-08
8.8ME-D8
3.218E-08
6.147E-08
4.TTIE-DB
5.112E-08
3.206E-08
3.5T8E-08
ISNEL8
2 204E-08
2.895E-08
3 409E-08
A781E-08
JANE-08
9.460E-08
1.658E-08
1.626E-08
1.218E-08

1.1448
1.0616
0.8832
0.5562
0.8161
0.5209
0.6035
0.5435
0.7960
0.5458
05878
05061
04558
0.8981
0.5260
0.9247
0.3007
0.4115
08127
08233
0.7869
0.4673
0.4856
1.1014
0.8253
1.0198
0.9354
0.5430

0.5390
07053
06480
0.707s
07104
09231
0.7314
0.6829
0.6530
0.7025
1.0541
0.4586
0TS
03881
0.5214
0.3356
0.5776
0.5831
0.8586
1.4308

diamagnetic matrix
dusmagnetc matro
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagretc matro
paramagnelic matrix
paramagnebc matix
paramagnetic matroc
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
parsmagnetic matrix
paramagnetic matrix
parmmagretic matr
paramagretic matrix
parmmagrietic matr
diamagnaetic matrix
paramagnetic matrix
diamagnetic malrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagreetic matri
parsmagnetic matr
paramagnetic matrix
parmmagrietic matr
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
parsmagnetic matri
parsmagretic matri
diamagnetic matrix
paramagnetic matro
pAramagielc matrx
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrx
diamagnetic matrix
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Table D-1

Sample #

FL98233A
FL9B235A
FL88237A
FLSBZ39A
FLOS241A
FLS8243A
FLOB245A
FLSB24TA
FLS8243A
FLOB2S1A
FLSB253A
FLOB25TA
FLOB2S0A
FLO8261A
FLeg263A
FLOB2E5A
FLSB26TA
FLSB263A
FLOB2T1A
FLI82TTA
FLSB2TIA
FLESS281A
FL98283A

FLO8Z289A
FLo8291A
FLS8301A
FLS8303A
FLI8305A
FLSB30TA
FLOB309A
FLSB311A
FLBE313A
FL9E315A
FLOE31TA
FLSB3194
FLOB321A
FLSE3Z3A

FLOB3ZTA
FLS8329A
FLO8331A
FLS8333A
FLSB33SA
FL9B337A
FLS8335A
FLSE341A
FLOB3434

High Field Susceptibility Data

Mass
{kg)
5.9E-06
5.5E-06
39E-06
4E-DS
4 6E-06
5.2E-D6
5.1E-D6
5.8E-D6
3E-D6
6.BE-D6
3E-06
4 4E-D6
4 BE-06
8.5E-06
5.TE-06
2.5E-06
3.6E-06
T.7E-D6
4.2E-06
1.3E-06
3.8E-06
2.3E-06
3E-06

3.6E-D6
3.6E-08
4 TE-DE
3.8E-08
3.7TE-D6
S54E-06
2.TE-D8
3.3E-06
5.5E-06
S.4E-08
6.5E-06
B.3E-D6
27E-06
2.TE-06
1.05E-05
BE-06
J.9E-06
3.6E-06
6.5E-08
3.2E-06
4.8E-08
3.1E-06
4.6E-08
3.9E-06
EAE-D8

Kmatrix
{m* g}
T.251E-08
6.710E-D8
1.860E-DB
8.306E-09
1.174E-08
1.09TE-DB
1.066E-08
2.148E-08
2. TA2E-DB
B.116E-08
B.446E-09
7.351E-08
7.251E-00
1.043E-08
B.444E-09
-1.7T47E-09
8.6T1E-09
5.466E-09
6.572E-09
4.021E-08
6.760E-09
1.634E-08
3.584E-08
2.7T38E-08
-2 626E-10
1.684E-08
-1.234E-08
8.507E-09
2111E-08
4 386E-D9
-T.920E-09
BB4TE-08
4 B3BE-DS
9.135E-09
1.705E-08
1.206E-08
3.393E-09
-7.225E-00
1.835E-08
T.17E-08
1.684E-08
5.643E-08
TA12E-08
8.26BE-09
2.136E-09
1.407TE-0B
1.051E-08
8.990E-09
2 2E-DB

Kferro Kiotal
{m"fg) (g}
1.346E-08 2.07T1E-D8
1.068E-08 1.7T41E-D8
1.T14E-D8 3.57T4E-0B
1.7T14E-08 2.545E-08
1.864E-08 3.158E-08
4.054E-08 S.0TOE-0B
1.200E08 2.365E-08
14 EDE 5.290E-08
6.813E-08 D0.253E-D8
1.704E-08 2.516E-08
1.984E-08 2.629E-08
2.284E08 .020E-08
418808 4.913E-08
1.142E-08 2.1B5E-08
1.216E-08 2060E-08
1.571E-08 1.306E-08
233TE08  3.204E-08
5.026E-09 1.049E-08
1508E-08 2.165E-08
4.B25E-09 B.846E-00
2130E-08 2BOGE-D8
3.056E-08 4.650E-08
1.5TE-08 1.030E-D8
3.222E08 SS9G1E08
2432E08 2.405E-08
1.5TE-08 2.255E-08
6.613E09 5.37T9E09
1.216E-DB 2.06TE-DB
22084E-08 4.306E-08
1.5891E-08 2.029E-08
6.701E08 5.509E-08
232TE-08 3.Z22E-08
4928E-08 6 TEGE-08
1.216E-08 2130E-DB
1.280E-08 2.996E-08
BETEE-D8 2104E-08
6.982E-09 1.03TE-08
6613E09 -8.120E-10
1.0189E-08 2.854E-08
9.484E-09 1.T40E-08
1.416E-08 3.100E-08
1.54TE-08 2.131E-08
1.047TE-D8 3.350E-09
1.478E-D8 2.305E-08
4B833E-09 6.969E-09
1.833E-08 3.340E-08
1.478E-08 2.528E-08
4 45TE-DE 5.486E-08
1.621E-D8 3.B33E-D8

KiKtotal

0.6409
0.6145
0.4796
0.6736
0.6283
0.7985
0.5454
0.5938
o.rom
06773
0.7548
0.7566
0.8524
0.5227
0.5902
1.1251
0.7294
0.4720
06965
0.5455
0.7581
0.6517
0.e138
0.5405
1.0109
0.4826
1.2284
0.5884
0.5197
0.7839
1.1342
07223
0.5045
0.5710
0.4300
0.4266
0.6730
-10.8070
0.3449
0.5430
0.4568
0.7258
N7
0.6412
0.6935
05788
0.5845
08179
0.4230

paramagnetic matnix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagneatic matrix
paramagnetic matri
paramagnetic matrix
paramagnetic matrix
paramagnetic matri
paramagnetic matri
paramagrestic matrix
paramagnetic matri
paramagnetic matri
paramagnetic matrix
paramagnetic matrix
diamagnetic malrix
paramagnetic matrix
paramagnetic matrb
paramagnedic matrix
paramagnetic matrix
paramagnatic matrix
paramagnetic matrix
paramagnetic matnix
paramagnetic matrix
diamagnetic matrix
paramagnetic matrix
diamagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
diamagnedic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matric
paramagnetic matrix
diamagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
diamagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrb
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
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Table D-1

Sample #

FLBB34TA
FLS8348A
FLIB3S1A
FL88353A
FLSB3ISTA
FLSB359A
FLOB3E1A
FLOB363A
FLOB365A
FLOB3BTA
FLOE360A
FLOBIT1A
FLOE3T3A
FLOB3TSA
FLOB3TEA
FLBB385A
FLS838TA
FLSB389A
FLOE391A
GBFLOO1A
GBFLDO3A
GBFLOOTA
GBFLOO9A

High Field Susceptibility Data

Mass
(L]
4E-06
B.1E-D6
2.2E-D6
4.3E-06
7.3E-D6
3E-06
3E-06
3.9E-D6
21E06
5.6E-D6
31E-D6
1.6E-06
1.9E-D6
2.1E-D6
9E-O7
1.2E-06
2.6E-D6
SE-06
1.2E-06
S5.1E-06
3E-06
3 4E-06
22E-06

Kmatrix Kferro
(i) (m*ng)
9.965E-08 Z2.717E-08
1.546E-08 4. 487E-08
2.765E-08 2.095E-D8
3.066E-08 1.206E-08
2161E-08 T7TAMTE-DD
B.356E-09 4.629E-08
3.380E-D8 6.792E-08
1.822E08 8.550E-09
-7.590E09 1.206E-08
-4 247TE-08 B.76TE-09
3.418E-08 S5347E-09
3B58E-08 1.B60E-08
1.5T1IE08 1.5T1E-08
1.102E-089 1.323E-08
1.057E-08 S9.047E09
3.895E-09 1.109E-08
B8.482E-08 G6.982E-08
1.508E-08 9.424E-08
1.948E-08 1.596E07
4649E-08 6.283E-09
1.60BE-DB 4.188E-08
1.063E-08 3.7Z3E-08
6.333E-09 2856E-08

Ktotal
mg)
3.712E-08
6.033E-08
2.37E-08
4.27T2E08
2.953E-08
5.485E-08
1.01TE-Q7
27TTE-08
4 4T3E-09
4.520E-09
8.765E-09
5.718E-08
1.728E-08
1.433E-08
1.962E-08
1.498E-08
7.830E-08
2.450E-08
1.7THEOT7
1.083E-08
5.797E-08
4 TBEE-D8
3.490E-08

KtKtotal

0.7318
07433
0.8834
0.2824
0.2681
0.8471
08877
03433
2.60966
1.8347
0.6100
03253
0.90a1
0.5221
04612
0.7400
0.8m7
03846
0.8912
0.5747
0.7225
077
08185

paramagnetic matrix
paramagnelic matrix
paramagnetic matrix
paramagnetic malrix
paramagnetic matri
paramagnetic malrix
paramagnetic: meatrix
paramagnetic matri
diamagnatic matrix
diamagnetic matrix
paramagnetic matrix
paramagnetic rmatrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnetic matrix
paramagnebic matr
paramagretic matrd
paramagnelic matrix
paramagnetic matrix
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Table D-2 Magnetization and Coercivity Parameters Data

Sample #
FLSB0O3A
FLSBOOTA
FLO8O11A
FLBBO18A
FLOBO21A
FLOBOZ3A
FL9BOZSA
FLOBO31A
FLBBO3TA
FLOBO41A
FLOBD43A
FLOBO4ASA
FLIBO4TA
FLSBO48A,
FLSBOS1A
FLOB0S3A
FLBB0554
FLSBOSTA
FLSBOS8A
FLOBDE1A
FLBBOE3A
FLSBDESA,
FLOBOETA
FLSB0ESA
FLOBOT1A
FLOBOTIA
FLSBOTSA
FLSBOTTA
FLSBOTSA
FLOB081A
FLO8083A
FLOBOESA
FLSBOETA
FLOB0BIA
FLOBOO1A
FLBB093A
FLSBOSTA
FLOBOGGA
FLSB10MA
FLS8104B
FLS8105A
FLSB10TA
FLS8109A
FLOB111A
FLB8113A
FL98115A
FLOB11TA
FLB8119A
FLSB1Z1A
FLS8123A

He (mT)  Her {mT)

136
B.43
843
148
174
T4
114
218
9.26
8.16
=
113
1895
105
806
10.5
8.99
115
154
122
174
135
9.72
155
848
1.2
1.7
1"
165
129
125
10.2
8.83
878
126
14.6
133
18.7
162
AN
15
12
128
1.8
118
127
8.97
989
833
B.06

28
338
BT
202
2.9
24
253
253
22
27
5715
23.4
T
a7
na
231
23
281
383
BT
28
26.3
a7
40.4
e
25
24
243
349
248
%549
241
245
198

21.1
218
185

HerfHe
1.676
4.009
2513
1973
0.144
3361
2219
117

239
2478
2614
20m
1.421
2448
2.408

22
2232
2443
2.552

1.843
1.296
1.548
2644
2606
333
2.009
1.915
2209
2116
1.807
20m2
2853
27715
2287
1.929
235
223

1.67
2758

08
2,267
2742
2297
2.305
20m7
1.921
2.497
2112
2817
2419

MriMs
0189
01
0.124
o211
0335
0.105
0147
0.184
0135
0.143
o7
0.165
0.235
0.135
0.15
0.167
0.152
0.167
0207
0,168
oz
0.175
0.154
0212
0.141
0.155
0138
0153
0,216
0184
0.165
0152
0148
oA
0169
0157
01562
0232
0.208
D424
0164
0148
0138
0173
0174
0.188
0.16
0.148
0143
0.13
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Table D-2 Magnetization and Coercivity Parameters Data

Sample #
FLS8125A
FLOB1ZTA
FLBB1MA
FLEB1X3A
FLSB135A
FLOB1ITA
FLEB138A
FLOB141A
FLOB143A
FLO8145A
FLOB14TA
FLOBT48A
FLBB151A
FL98153A
FL98155A
FLBB1STA
FLSB158A
FLO81B1A
FLS8165A
FLOB16TA
FLO8169A
FLOB1TAA
FLOB1TSA
FLOB1TTA
FLOB1B1A
FLBB183A
FLOB185A
FLOB1BTA
FLOB191A
FLOB183A
FLSE8185A
FLOB1GTA
FLBB19GA
FLBE20TA
FLOAZ0AA
FLOB20SA
FLEB20GA
FLBEZ11A
FLOB213A
FLOE215A
FLBAZ21TA
FLOB218A
FLBEZ21A
FLSBZI3A
FLOB22SA
FLOB2ITA
FLSAZ29A
FLOBZZA
FLBBZIA
FLOAZISA

He (mT)  Her gmT)

g.18
a
108
102
121
13
127
o.98
9868
12.7
138
16
7.1
149
6.68
26
131
121
17.4
13.4
188
211
10.1
107
1386
1.3
1689
12
146
18
10.3
1.7
10.1
825
106
14
1.8
19
B85
16.2
"
21.2
133

138
15
104
B.55
123
127

24
586
ns
s
45
24
28
22
21
23
296
86
204
28
208

32
242
28
34.8
n7
252
33

28
28
89
219
28
245
301
217
®7
243
23
29
202
%2
268
248
78
e
29

7208

21
305

k2
28
218

28
20.1

212

HoriHe MriMs
244 0148
1374 0506
2178 0.186
234 0158
2851 oim

18 018
1.785 0174
2204 012
224 REL
1.758 0ATT
2176 0178
1.788 D182
2848 0174
2201 o7
2105 0.157
1416 0.238
1.847 0.163
2132 0162

2 0.24
2366 0178
1.34 0.258
1.483 0.286
2574 0118
2411 0132
215 0.1
1928 0.189
m o218
2042 0174
2062 018
247 0155
3468 0148
2077 0178
2208 0.155
2478 0.096
1.906 0.156
2514 0,154
2am 0.143
2,087 0158
275 0.134
2012 o211
2082 0148
1.406 0.238
20 0.168
1525 0.6
2 464 0144
1.983 0153
2158 0.124
2.667 0138
1824 0.184
1.668 018
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Table D-2 Magnetization and Coercivity Parameters Data -206- ™
Sample# HcimT) HerfmT)  Horbic  MriMs
FLBB23TA 128 181 1.437 0.188
FLOBZIAGA 1141 22 2 0183
FLS8241A 145 ns ny 0188
FLO8243A 178 416 2.337 o7
FLS82454 13.4 Hnz 1.5a82 (VR

[ FLOB24TA 16.7 W2 2168 0.218
FLBE246A 16.3 kK] 2.387 0,185
FLSBZ51A 123 186 1.583 oaTr
FLBB2S3A 888 208 2103 0,13
FLBB25TA 10.7 8 208 0157
FLOBZSOA 151 e 1874 o
FLBE261A 188 “ 2234 0247
FLSE2E3A 148 304 204 o.aeT
FLOB265A g.08 7] 2428 0.143
FLOB26TA 106 2 1.991 0.158
FLOB260A 148 ns 1.443 0.182

} FLOBITIA 13 247 18 0.183
FLS8ITTA, 118 %8 2186 02T
FLOBZTOA 121 245 2025 0.183
FLSB2B1A 264 T4 4 2818 0.208
FLOBZEAA 8.24 243 263 0.152
FLOE2B5A 10.7 22 2075 0.008
FLSBZBOA 103 245 237 0141
FLOE291A 13 s 28 0.185
FLOB3O1A 9.05 ny 2308 0.147
FLSB303A 242 955 3.945 03
FLSB30S5A 129 3 2116 0475
FLBB3OTA 124 2486 1,964 0.184
FLSS203A BT 18.3 218 015
FLSEI11A 1186 A 1.8 0a7
FLBE3134A 15 2 1.54 0.208
FLSE315A 118 22 4 1.83 0.188
FLOEIMTA 15689 i 1.742 0.204
FLOBE3184 178 Nna 1.748 0z
FLOE3I21A 1.8 218 1.8789 0.186
FLOB3Z3A T48 205 2737 0125
FLOB3Z5A, 21 35S 1.606 0.227
FLOBIITA 13 7 2017 0177
FLOBAZOA 128 271 217 017
FLBBIZA 10.8 218 2018 0.16
FLSB333A T84 b4 2748 0128
FLOEIISA 12 17 1975 018
FLOB3ATA 1114 213 1.918 om
FLOB33GA 1.1 27 2045 0.18
FLOE341A 122 a1 1.3 0165
FLOE343A 187 24 2127 o.zxr
FLOB345A 17 ars 2208 0.223
FLOB3ATA 15 25 2,043 0.185
FLBE340A 186 40 2,041 0.248
FLSE3S1A 242 56.2 232 0.281




Table D-2

Sample #
FLSB353A
FLBBISTA
FLSB3S0A
FLBBIE1A
FLOEIE3A
FLOBIBSA
FLOBISTA
FLOBIBRA
FLBBITIA
FLBBIT3A
FLOBITSA
FLSEITOA
FLSA3A5A
FLBE3IATA
FLBE3A0A
FLOEIGT A
GBFLOO1A
GBFLOO3A
GBFLOOTA
GBFLOOGA

Magnetization and Coercivity Parameters Data

HemT)  Her gm)

25
275
108
188
18.7
213
18
129
16.4
128
1.7
=
137
103
186
143
141
107
134
10.4

35
ELE ]
25
458
8
k]
=
238
0s
na
382
€2
258
243
ara
Nnia
247

FL N

HerfHe MriMs
1.837 ons
1.738 0.263
2178 0. 144
233 0.2
218 one
3643 0.144
210 0178
1.829 0.166
188 0.188
2426 0.154
3285 0.14
1.835 0282
1.883 0183
2358 (1R 7.1
1.883 0.2
2175 0.16
1.752 0.185
iy | 0112
2812 0.187
2278 0144
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MAP SHEET B -
Solid Geology of the study Area

Geological Survey Department of Cyprus (1995)
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