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Abstract

The Precambrian Thunderhead Sandstone, along the
Greenbrier Fault and the Roundtop Klippe, records strain
from two distinct episodes of deformation. The first
strains are generally related to the emplacement of the
Greenbrier Fault. These strains are probably due to
simple shear along the base of the fault, and appear
similar to the strain fabrics within in the Cades
Sandstone to the southwest. This strain fabric is
characterized by principal strain axes which lie
subparallel to the orientation of the Greenbrier Fault.
These strains were later effected by strains related to
the emplacement of the Sinks Fault, a high angle thrust
which displaced the Greenbrier Thrust Sheet. This
fabric is probably also the result of simple shear on the
Sinks and is similarly characterized by the
subparallelism of the principal extension axes and the
Sinks Fault plane.

Finite strains were calculated for 17 samples of
Thunderhead Sandstone, using the Rg/¢ and Fry methods.
Twelve samples show that wuniaxial extension is
dominant over flattening within the Thunderhead. 1In five
samples flattening is dominant over uniaxial extension.

The Greenbrier main sheet shows less strain in the same

iv



orientations than that seen in the Roundtop Klippe. King
(1964, 1968) shows two interpretations of the area, one
with the Sinks as a folded part of the Greenbrier and one
with the Sinks as a 1later fault. Superposed strain

patterns suggest that both are correct.
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CHAPTER 1

INTRODUCTION

Purpose Of Study

The purpose of this study is to establish the
geometry and significance of finite strain data within
the Precambrian Thunderhead Sandstone along the
northwestern edge of the Greenbrier Fault and the
Roundtop klippe to the northwest, in the Wear Cove
quadrangle (Figure 1). The Thunderhead Sandstone here
shows a variably developed tectonic fabric generally in
the form of elongate quartz and feldspar grains showing a
strong preferred orientation. This fabric is not
penetrative and where present 1is not always equally
developed. The strain data from the Thunderhead provide
a better understanding of how these rocks responded to
the deformation which affected this area. The strain
magnitudes and how the strains relate geometrically to
the various regional structural elements are of principal
interest. It is expected that this work will further our
understanding of the mechanical responses of the rocks

adjacent to the Greenbrier and Sinks Faults. ' The



Figure 1. Location of study area showing localities
discussed in the text. The Wear Cove vicinity is
indicated on the map of Tennessee and enlarged to show
the area of study. Localities referred to in the text
are indicated by number. GF=Greenbrier Fault, SF=Sinks
Fault, LSF=Line Springs Fault, GSF=Great Smoky Fault,
OF=0Oconaluftee Fault, RCF=Rabbit Creek Fault, DCF=Dunn
Creek Fault, WC=Wear Cove Window, TC=Tuckaleechee Cove
Window, CC=Cades Cove Window, TN=Tennessee, NC=North
Carolina.
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importance of such analyses has been demonstrated by a
variety of recent studies (e.g., Coward, 1976; Coward,
1984; Coward and Kim, 198l1; Coward and Potts, 1983;
Hossack, 1968). The present study will establish a
strain survey in one part of the western Great Smoky
Mountains. It is expected that this data base will be

expanded by future workers.

Stratigraphy

King's (1968) stratigraphic interpretation (Figure
2) of the central Great Smoky Mountains region is similar
to that of Keith (1904). The Precambrian Thunderhead
Sandstone is the unit of most concern here. It 1is part
of the Great Smoky Group, the middle group of the three
which comprise the Ocoee Series (King, 1964). The
Snowbird Group 1lies beneath the Great Smoky Group,
whereas the Walden Creek Group lies above it (King,
1964). The Great Smoky Group is made up of the Elkmont
Sandstone, the Thunderhead Sandstone, and the Anakeesta

Formation.

Metcalf Phyllite

The Metcalf Phyllite is the uppermost unit of the
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Figure 2. Stratigraphic units found in the central Great Smoky

Mountains. From King et al.,

(1968).




Snowbird Group (?), which lies statigraphically below the
Great Smoky Group. In the report area it structurally
overlies the Thunderhead Sandstone beneath the Greenbrier
Fault (King, 1964). Here the Metcalf is dominated by
argillaceous récks, with bedding largely obliterated by
varying degrees of cleavage development. Siltstone beds
occur within the Metcalf here as well, but also contain
foliations which generally obliterate bedding. Both the
siltstone and the argillite strata contain high
proportions of metamorphic muscovite and sericite; with
lesser chlorite (King, 1964). The argillite wunits are
fine- grained, 1lustrous, and usually pale green,
gray-green, or light gray (King, 1964). The siltstone
lithologies are for the most part similar in appearance,

except for their more granular texture.

Cades Sandstone

The Cades Sandstone 1is one of the wunclassified:
formations of the Ocoee Series, and its exposures in the
area lie west-southwest of the Roundtop Klippe, in a thin
belt that extends to Whiteoak Sink 1in the Wear Cove
Quadrangle. Although the relation with the Thunderhead
was not understood, King (1964) separated the two by a

proposed fault just southwest of the study area. Cades



Sandstone of this narrow belt is generally finer grained
and thinner bedded than the Thunderhead of +the klippe,
and its argillaceous layers are generally thicker than
those within the Thunderhead (King, 1964). 1In this area
the Cades also contains fewer conglomeratic 1layers and

less blue quartz than the Thunderhead (King, 1964).

Elkmont Sandstone

The Elkmont Sandstone, 1lowest unit of the Great
Smoky Group, occurs outside of the area of study. It is
described here because recent work by Walters (1988)
suggests that the Elkmont may be a facies equivalent of
the Cades Sandstone, which in turn may be equivalent to
the Thunderhead, as suggested by the present study.

Although the Elkmont's base is always truncated by
faults and thus the surface upon which it was deposited
is unknown, the unit is clearly stratigraphically
overlain by the Thunderhead Sandstone (King, 1964). In
the area of the present study, King (1964) described the
top of the Elkmont as ascending stratigraphically toward
the southwest and its upper part changing facies, toward
the northeast, to the Thunderhead Sandstone. The Elkmont
Sandstone which occurs to the south and west of the

Roundtop Klippe is generally finer grained and thinner



bedded than the Thunderhead Sandstone, and only rarely

contains blue quartz.

Thunderhead Sandstone

The Thunderhead Sandstone consists of a variety of
lithologies ranging from dark gray argillite to coarse
grained conglomerate. Along the Little River, within the
area of study, the Thunderhead Sandstone consists of
thick, graded beds of fine to coarse sandstone with thin,
dark gray argillite partings. The sandstone contains
white potassium feldspar and glassy quartz with lesser
smoky quartz. Thin sections cut for this study reveal
white plagioclase in many of the sandstone samples. The
coarse conglomerate strata of the Thunderhead also
contain white potassium feldspar, white plagioclase and,
glassy quartz pebbles. Although King (1964) rarely found
blue quartz in the foothills exposures of Thunderhead, it
does occur quite commonly within the conglomerate exposed
along the Little River. Smoky quartz also occurs
regularly in these conglomerate units. Many of the
quartz pebbles, feldspar pebbles, and quartzofeldspathic
lithic fragments within the conglomerate lithologies are
from 1-3 cm in diameter (Figure 3). These are likely to

be granitic fragments and are referred to by King (1964)



Figure 3. Photograph of Thunderhead Sandstone showing
clasts of feldspar up to 1.2 cm in length. Photo taken
at locality 45 (Figure 1, page 2). The length of the pen
cap is 4 cm.



as leucogranite pebbles. Such pebbles are found
throughout the Thunderhead of the Roundtop Klippe, but
are rarely found in the Thunderhead of the main thrust
sheet (King, 1964). Mudrock clasts appear more rarely
within these conglomerate units, but in places are as
long as 70 cm (Figure 4). Well-exposed conglomerate
sequences are found at localities 45, 54, and 102
(Figure 1). Along the Little River near the Roundtop
Klippe's southwestern corner (Locality 92, Figure 1) the
Thunderhead 1is dominated by argillite. Here the
argillite is dark gray, slaty, and commonly shows one or
two generations of cleavage (see Chapter II for a
discussion of the cleavages). King (1964) described this
lithology as dominating the Thunderhead of the klippe
southwest of Meigs Creek and in the main sheet along the
Middle Prong near Walker Flats. This is confirmed by the
present study, although in the vicinity of the quarry at
the klippe's southwestern border (Locality 54, Figure 1),
fine- to medium-grained sandstone 1is predominant. At
this 1locality there are several beds of coarse
congomerate which contain mudrock chips as long as 10 cm.
Some of these chips are bent indicating that they were
probably not well indurated during deposition. They are
likely rip-up clasts from a muddy horizon upon which the

conglomerate was deposited.
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Figure 4. Photograph of Thunderhead Sandstone showing a
mudrock clast (C) 70 cm in 1length. Photo taken at

locality 54 (Figure 1, page 2). Fieldbook at upper 1left
is approximately 20 cm in length.
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The Thunderhead of the main thrust sheet
consistently occurs as massive graded beds, generally of
coarse grained sandstone (King, 1964). Eastward, it
tends to contain more pebbly horizons with larger pebbles
(King, 1964). It is this consistency which distinguishes
the Thunderhead of this area from that of the foothills
area to the west. The foothills area including the
Roundtop Klippe contains Thunderhead of more variable

lithologies as discussed above.

Previous Work

The most recent geologic research in this region is
contained in three United States Geological Survey
Professional Papers (Hadley and Goldsmith, 1963; King,
1964; Neuman and Nelson, 1965). These papers are based
on fieldwork done during the 1950's. Prior to these
studies, relatively little work had been done on the
geology of this area. Gerard Troost, the first State
Geologist of Tennessee, made brief mention of the area in
1841, but it was James M. Safford, the second State
Geologist of Tennessee, who published the early
significant works (1856 and 1869). Another significant
contribution was Arthur Keith's Knoxville folio (1895)

which he later realized contained many
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misinterpretations. Keith (1892) also divided safford's
"Ocoee conglomerate and slate" and "Chilhowie sandstone"
into a number of better defined formations. During an
1898 field conference attended by Keith, and C. R. Van
Hise, Cooper Curtice, and G. W. Stose, it was recognized
that the Ocoee rocks did not 1lie unconformably on
Ordovician rocks, but rather had been thrust over them
(Keith, 1899). This was also noted by Stose and Stose in
(1944). Keith (1904) revised ﬁis interpretation of the
stratigraphic section and 1later briefly discussed the
structural geology of this area in his report on the
"Great Smoky Overthrust" (Keith, 1927). During continued
studies of the Great Smoky Mountains Keith greatly
refined his understanding of the geology and made a great
contribution to the geology of this region.

The area under study here was examined by King
(1964). His report contains detailed geologic maps of
the Walden Creek, Pigeon Forge, Wear Cove, Gatlinburg,
Thunderhead, and Silers Bald Tennessee quadrangles, all
at a scale of 1:24,000. The present study is in the

southeastern quarter of the Wear Cove gquadrangle.
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CHAPTER II

STRUCTURAL GEOLOGY

Regional Structure

The structural setting of the study area is complex
(King, 1964). The area 1lies within the Great Smoky
Thrust sheet in the western part of the Blue Ridge
Province (Figure 1). This sheet contains several windows
of considerable size, notably those at Cades,
Tuckaleechee, and Wear Coves (King, 1964; Neuman and
Nelson, 1965). The Great Smoky Thrust surface shows a
folded geometry which trends northeast-southwest (King,
1964). Structural highs in this folded surface are
coincident with these three windows. The thrust sheet
includes several generations of faults (King, 1964;
Neuman and Nelson, 1965). The Greenbrier Fault 1is a
low-angle thrust which places "younger" Great Smoky Group
rocks onto "older" Snowbird Group rocks. It is a
relatively early feature because it 1is cut by later
generations of faults and Ordovician metamorphic isograds
(King, 1964). The Greenbrier Fault is cut by the Sinks,

Gatlinburg, and Norton Creek Faults. Still later

14



high-angle faults cut the faults of the Greenbrier family
and the Sinks-Gatlinburg-Norton Creek family (King,
1964).

From King's (1964) map it appears that the Sinks
fault uplifted the southeastern part of the Greenbrier
thrust sheet and isolated a body of Thunderhead and Cades
Sandstone northwest of the Little River. This narrow
body of sandstone stretches from Roundtop Mountain
southwest to Whiteoak Sink and includes the Roundtop
Klippe. The Roundtop Mountain area lies southeast of the
area between Wear and Tuckaleechee Coves, and 1is in an
area of structural depression. Roundtop Mountain is held

up by Thunderhead Sandstone of the Roundtop Klippe.

Local Structure

Geologic mapping at a scale of 1:12,000 has produced
a map which is more detailed, but in almost complete
agreement with the 1:24,000 scale map of the Wear Cove,
Tennessee quardrangle of King (1964) (see Plate 1 in
pocket). The Roundtop Klippe, west of the Greenbrier
thrust sheet, as mapped by King (1964) is bounded to the
northwest by the Greenbrier Fault, to the southeast by
the Sinks Fault, and to the northeast and southwest by

high angle faults.
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Mapping during the present study could find no
structural evidence to support a fault separating '"Cades
lithologies" from "Thunderhead lithologies" as King
(1964) indicates 1is possible just southwest of the
Roundtop Klippe. His mapping of the Thunderhead
sandstone intersected the Cades Sandstone as Neuman and
Nelson (1965) mapped it eastward. Lack of definitive
field evidence for either a stratigraphic or structural
contact between the two resulted in the dashed fault

contact on King's (1964) map (Neuman, pers. comm.).

Greenbrier Fault

The Greenbrier Fault along the klippe's northwestern
edge could only be constrained to within three meters
because good exposures are 1limited. The Thunderhead
there is upright, as shown by scour-and-fill structures.
Metcalf Phyllite underlies the Thunderhead and is
characterized by what appear to be slivers of Thunderhead
Sandstone within the fault zone.

The two windows through the klippe as mapped by King
(1964) were remapped with a slight change in shape of the
larger of the two. A third, apparently very small window
is found about 150 meters west-northwest of the 1420 foot

bench mark along highway 73, where the Sinks Fault is cut
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by the high angle fault which borders the Kklippe. This
window is only exposed along its northeastern side as a
15-20 m 1long overhanging outcrop. The overlying
Thunderhead is highly broken and entrained in the fault
zone as meter-scale slivers completely surrounded by
Metcalf Phyllite (Figure 5). The larger window of the
two mapped by King (1964) displays the same features and
is better exposed (Figure 6).

These three windows through the Greenbrier Fault
allow the construction of a structure contour map of the
Greenbrier Fault underlying the klippe (Figure 7). The
fault surface dips south and shows some warping and
complex folding in the vicinity of the two windows near
Metcalf Bottoms.

The main trace of the Greenbrier Fault as mapped by
King (1964) was not modified, although additional
orientation data were collected. The Greenbrier Fault is
imbricated above the cliffs which flank the northwestern
part of Curry He Mountain east of the Sinks. This
imbrication is seen as repetition of the fault contact,
with Thunderhead Sandstone overlying Metcalf Phyllite.
Several small exposures in this area show well exposed
Thunderhead cropping out above less well exposed but
well-cleaved Metcalf. This Metcalf shows a penetrative

first generation cleavage. Due to the extremely steep

17



Figure 5. Photograph of the Greenbrier Fault at the
window through the Greenbrier Fault at the Kklippe's
southwestern corner. Above 1is massive Thunderhead
Sandstone, whereas below is the Metcalf Phyllite. At the
middle of the photograph the fault zone is characterized
by meter-scale slivers of Thunderhead (T) enveloped by
Metcalf (M). Photo taken at locality 181 (Figure 1, page
2). The horizontal field of view is approximately 13 m.

18



Figure 6. Photograph of the Greenbrier Fault at the
large window through the Greenbrier Fault along the
Klippe's southeastern margin described by King (1964).
The fault zone is characterized by meter-scale slivers of
Thunderhead (T) enveloped by Metcalf (M). Photo taken at
locality 75 (Figure 1, page 2). The horizontal field of
view is approximately 15 m.

19
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relative to mean sea level. The metric equivalents of
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topography along the cliffs below this area, the location
of the lowest and thus northwesternmost occurrence of the
main body of the Greenbrier Thrust sheet was not mapped
any differently from the report of King (1964). The
geometry of the Greenbrier Fault of the main sheet is
variable, as indicated by examining the map pattern of

the fault.

Sinks Fault

The Sinks Fault was mapped by King (1964) as a
thrust fault that propagated from the southeast to the,
northwest and thereby isolated the rocks of the Roundtop
Klippe. West of the Sinks along the Little River Gorge,
King (1964) mapped the Sinks Fault with a dashed contact,
indicating a lack of control on its position. During
this study the position of the Sinks Fault along this
part of the Little River was mapped closely for
approximately 360 m.

A variety of styles are displayed along the Sinks
Fault in several locations. Along Meigs Creek and above
Meigs Falls, the fault zone is approximately 30 m wide
and is characterized by meter-scale and centimeter-scale
layers of Thunderhead surrounded by Metcalf. The Metéalf

shows two generations of cleavage at moderate angles to
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one another (discussion in later section). The first is
a phyllitic foliation and the second a poorly developed
crenulation cleavage. The layers of Thunderhead
surrounded by Metcalf appear to be fault slivers.

The Thunderhead north of the Sinks contains several
minor fault 2zones which dip 1less steeply than the
bedding, which is overturned. These minor faults are
similar in orientation to the adjacent Sinks Fault and
appear to be contractional, as indicated by a repeated
quartz vein offset by one of them (Figure 8). Offset of
this vein and of bedding is minimal. These faults are
inferred to be minor imbricates of the Sinks Fault. They
cut up stratigraphic section from southeast to northwest,
in beds which had likely been already overturned.

At locality 45 (Figure 1) along highway 73 near
Meigs Falls, minor fault 2zones are found within the
Thunderhead Sandstone. Two sets of fault zones are found
in the upright beds which dip 45° to 50° northeast, one
oriented at N68PE, 52°SE and the otﬁer generally at-
N70°W, 43°SW. These faults show slickensides and mineral
growth lineations on their surfaces. The 1latter gives
the better exposed fault surfaces a stepped appearance
(Figure 9). The mineral growth lineations on the fault
surface are oriented N68CE, 52CSE, with tfend and plunge

S49°E, 45°. The steps created by the mineral growths
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Figure 8. Photograph of a minor fault cutting beds of
Thunderhead Sandstone at a lower angle than bedding.
Bedding is seen dipping from upper left to 1lower right
(southeast) and the fault is seen cutting bedding with a
dip more shallow than that of the Thunderhead. The
quartz vein to the right of the hammer is repeated by the
fault, indicating that the fault is contractional.
Bedding here 1is overturned, as indicated by graded
bedding and cross-stratification (King, 1964). Photo
taken at locality 97 (Figure 1, page 2). The hammer at
left-center is for scale.
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Figure 9. Fault surface within the Thunderhead Sandstone
which displays stepped appearance due to fibrous mineral
growth. Photo taken at locality 45 (Figure 1, page 2).
The horizontal field of view is approximately 45 cm.
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step downward toward the southeast and thus indicate
movement along this fault in this direction (Durney and
Ramsay, 1973). The fault displaying these mineral
growths is almost parallel to the Sinks Fault to the
south, yet it shows movement sense opposite that of the

Sinks Fault.

High-Angle Faults

The two high-angle faults which border the Roundtop
Klippe on the northeast and southwest as mapped by King
(1964) were not significantly modified in this study.
Exposure of these faults is very limited and they were
mapped largely by float. The fault along the
northeastern border of the klippe was located within
several meters using outcrops along the trail from the
Wear Cove Gap, and outcrops topographically below the
trail.

King (1964) indicated that the fault along the
klippe's southwestern border shows oblique movement, with
left lateral strike-slip motion. This could not be
confirmed in the field, yet it is consistent with the
structure contour map of the Greenbrier Fault (Figure 7)

which shows the fault dipping south. This high angle
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fault also cuts the Greenbrier Fault, and offsets it near

the klippe's southern corner.

Other Structural Features

As King (1964) indicated, the beds of Thunderhead
sandstone in the southeastern part of the klippe, near
the Sinks, are overturned and dip southeast 40°©-45°.
This is clearly indicated by truncated cross-beds exposed
in the cliffs overlooking the Sinks, just south of the
parking area. Overturned graded beds are also seen here
as well as just north of the Sinks in the cliffs along
Highway 73. These beds make up the overturned 1limb of
the recumbent synform, which trends east-northeast along
this southeasternmost edge of the klippe. The overturned
limb is only preserved in this area. The £fold geometry
of this synform is not parellel to the adjacent antiform
on the northwest, whose axis plunges shallowly almqst due
east.

Bedding within the Thunderhead Sandstone of the main
body of the Greenbrier Thrust sheet is upright and
generally dips about 45° southeast. Outcrop-scale folds
within the sheet are not observed away from Highway 73

probably due to poor exposure. Along Highway 73 at the
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eastern edge of the Wear Cove quadrangle, a synform in
the Thunderhead occurs in the vicinity of Watertank

Branch.

Structural Fabrics

Structural fabrics within the study area are
described below. Included here is a description of the
cleavages found in the Metcalf and the tectonic

lineations found in the Thunderhead.

Deformed Thunderhead Sandstone

Throughout the study area the Thunderhead Sandstone
is deformed to varying degrees. This most comﬁonly
occurs as a tectonic lineation of quartz and feldspar
grains in sandstone, or as tight, centimeter-scale folds
in the argillite. These argillite strata also display
variably developed first-and second-generation cleavages.
The first-generation cleavage gives the rock a slaty
appearance whereas the second, where present, crenulates
the first.

Undeformed or weakly deformed argillite 1lithologies
are found as partings between beds of sandstone.

Deformation in these partings, where present, is
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displayed as a first generation cleavage characterized by
phyllosilicate mineral grains showing strong preferred
orientation parallel to bedding. This fabric can be
described as a bedding fissility.

Deformed argillite lithologies are found in the bed
of the Little River along the Roundtop Klippe's
southwestern border near the quarry (Figure- 1l). These
strongly deformed argillite strata are characterized by
two generations of cleavage, and in some locations, folds
and minor faults. The first- generation cleavage appears
to obliterate bedding, and is made up of mica grains
showing strong preferred orientation. The
second-generation cleavage crenulates the first
generation cleavage about planes which cut the latter at
moderate to high angles. Tight, centimeter-scale folds
occur in these argillite units at locality 94 (Figure 1).
These fold layers which appear to be bedding are defined
by fine grained pyrite trains. The core of one of these
folds shows a small scale wedge fault.

Sandstone and conglomerate beds of the Thunderhead
show a variably developed tectonic lineation,
" characterized by quartz and feldspar grains with strong
preferred orientation. The feldspar grains show brittle
fractures along mineralogic cleavage planes oriented

perpendicular to the direction of the 1lineation. It
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appears that the feldspar grains adjusted during whole
rock strain by rotation and behaved brittly as strains
continued. Quartz grains also show elongation in the
direction of the tectonic lineation, although they do not

show brittle features associated with this.

Deformed Metcalf Phvllite

Deformation features in the Metcalf Phyllite in the
vicinity of the study area include two generations of
cleavage, small-scale fault 2zones, and type II S-C
mylonites (Lister and Snoke, 1984).

Two generations of cleavage are common, but are not
always present. The first is always a dominant phyllitic
foliation and is characterized by a strong preferred
orientation of phyllosilicate mineral grains. This
cleavage and subsequent cleavages generally obliterate
bedding in the Metcalf in the vicinity of the Roundtop
Klippe. 1In contrast, the Métcalf along the Cades Cove
Road east of Cades Cove is, in places, silty to sandy,
and consequently bedding is preserved. The first
generation cleavage imparts the phyllitic "sheen" on the
rock, which is mostly the result of high concentrations
of metamorphic minerals (i.e., muscovite and sericite).

The second-generation cleavage either crenulates the
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first, or it is well-developed enough to create C-bands
(Figure 10) and thus form type II S-C mylonites (Lister
and Snoke, 1984). The crenulation cleavage generally
cuts the first-generation cleavage at moderate to high
angles and is defined by aligned phyllosilicate grains.

The second generation cleavage which results in type
II S~C mylonites generally cuts the first generation
cleavage at moderate to low angles along closely spaced
planes (e.g., 1-2 cm spaces). These crenulation planes
are referred to as C-bands, and are defined by
phyllosilicate grains showing strong preferred
orientation (Lister and Snoke, 1984). King (1964)
referred to this mylonitic fabric as "shear cleavage".
Mapping reveals that the Metcalf contains these mylonites
in zones that vary in thickness from several cm to more
than 10 m, both southwest and northwest of the Roundtop
Klippe (e.g., locality 167, Figure 1l). Mylonites of this
sort are less well-developed in the Metcalf directly
northeast and southeast of the klippe, although they are-
present, contrary to Witherspoon's (198l1) report.

The S-C mylonitic fabric or shear band cleavage is
very common, both beneath the Roundtop Klippe and within
the fault‘slice of Cades Sandstone southwest of it. Thus
both the Cades and Thunderhead seem to have been

transported together above the largest S-C mylonite zone.
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Figure 10. Photograph of well-developed Type II S-C
mylonite within the Metcalf phyllite at 1locality 145
(Figure 1, page 2). The second generation cleavage (Sj)
cuts the first generation c¢leavage (Sq4) into C-bands."
The figure displays the highly deformeé nature of the
Metcalf in the study area. Penny at upper-middle for

scale.
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Minor fault zones within the Metcalf are found in
the study area, but are difficult to trace for any
significant distances. A small-scale fault zone is found
at locality 52 (Figure 1) just southwest of the klippe
(Figure 11). This fault can be traced across the outcrop
for about 8 m in a highly deformed zone. This fault zone
displays an undulating geometry and shows several
surfaces of movement. These surfaces show slickensides
and fibrous mineral growth lineations in many
orientations in an overlapping array. Due to the highly
cleaved nature of the Metcalf in the study area these
fault zones are extremely difficult to locate and/or

trace.
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Figure 11. Photograph of minor fault in the Metcalf
Phyllite showing the complexity of the various movement
surfaces. The fault surfaces are indicated by the white
lines. Photo taken at locality 52 (Figure 1, page 2).
The horizontal field of view is approximately 10 m.
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CHAPTER III

STRAIN ANALYSIS RESULTS

Discussion Of Geologic Strain

Strain can be described as the change in shape that
results from stress. In rocks the evaluation of strain
is very important. A deformed geologic material
generally has a complex strain path in which the material
has passed from its initial state, through various stages
of deformation to arrive at its final state (Ramsay,
1967). This is known as progressive deformation and can
be described theoretically as the modification of a
particular state of strain by small, incremental
distortions called infinitesimal strains (Ramsay, 1967).
The final product of progressive deformation by geologic
processes is called the finite state of strain or simply
the finite strain.

Through studying the deformation of objects of known
original shape embedded in rocks, geologists can describe
the finite strains within mappable rock bodies. This
quantitatative data can be helpful in describing the

structural geometry, as well as the deformation history
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of an area. As mentioned above, the final state of
strain in a rock body is not enough to allow the
description of the states of stress that were responsible
for the deformation. Howevef, in conjunction with
detailed mapping it gives an idea of the significant
structural features to consider in describing possible
strain "events" and thus insight about the deformation
history.

For the present study, finite strain was calculated
for samples of Thunderhead sandstone using both the Fry
method (Fry, 1979) and the Rg/¢ method (Ramsay, 1967;
Dunnet, 1969; and Lisle, 1977). The details of both
methods are included in Appendix B. The remainder of
this chapter is devoted to describing the results of the
finite strain analyses and how these relate to the
structural geometry of the study area.

Large samples are designated by the letter T,
followed by a one, or two digit number. Small samples
were cut from these bulk samples, on three mutually
perpendicular sides, designated xy, xz, and vyz. The
small samples were used for the the strain analyses and
throughout the remainder of the text are referred to

with their appropriate suffixes (e.g., xz).
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Fry Method

The Fry method creates a graphical estimate of
strain based on the distribution of grain centers in two
dimensions. This distribution is controlled by how close
grain centers are to one another. During deformation
this distribution changes as the grains change shape. As
grains become elongate the grain centers move farther
apart in the direction of elongation. As grains flatten
the grain centers become closer to one another in the
direction of flattening. The strain fabric of a rock in
two dimensions can therefore be estimated by the
distribution of grain centers.

In samples where the grains are spaced in a nearly
homogeneously deformed matrix the Fry method yields an
estimate of the matrix strain, whereas in samples where
the grains themselves have deformed the method yields an
estimate of grain strain (Fry, 1979). Measurements of
matrix strain are essentially estimates of bulk strain
because components of grain strain are incorporated in
the data set in this method. For this reason, estimates
- of matrix strain generated by the Fry method tend to be
higher than estimates of grain strain (e.g., using the
R¢/¢ method).

The Fry method proved quick and easy to use, and it
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yvielded data generally in agreement with the
two-dimensional data from the Rg/¢ method.

In spite of easy application and conceptual
simplicity, the Fry method has several shdrtcomings. The
most fundamental for this study is that the two-
dimensional results which it vyields cannot be easily
transformed to give the three dimensional strain
ellipsoid. This makes comparison with the easily
generated three dimensional dafa from the Rf/¢ and PASE>S
computer programs difficult.

Another problem with the Fry method deals with the
operator's choice of grain sizes used in the analyses.
It became apparent, when using the Fry method program of
Kligfield et al. (1982), that in order to generate a void
ellipse of uniform shape, a fairly consistent grain size
must be used. This rule cannot always be adhered to, and
consequently, the form of the void ellipses may be
unclear due to several points scattered within the area
of the void ellipse (Figure 12). This can 1lead to
problems in determining the orientation and magnitude of
the void ellipse.

A problem that appears in some instances to relate
to the grain size problem discussed above 1is that
low-strain samples tend to yield ambiguous results. For

a low strain sample the orientation of the strain ellipse
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Figure 12. Plot generated by the Fry method for sample
T29xz. This plot is an example of the ambiguous nature
of some of the void ellipses generated with this method.
It is difficult to establish the form of the ellipse due
to '"scattered" points at the plot's center. Two
interpretations are included to demonstrate this problem.
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long axis is difficult to determine, because the ellipse
has a low aspect ratio and the method creates a spread of
points that often contain "strays". As discussed above,
when grains of varying sizes are used in a Fry analysis
the void ellipse becomes cluttered with points. These
"stray" points within the void ellipse are the result of
using closely spaced grains that are smaller than those
used for the bulk of the analysis.

The T49xz sample demonstrates the ambiguity
encountered in determining the ellipse 1long axis using
the Fry method, due to an unclear point distribution.
Without knowledge of the sample's appearance two possible
long axes could be '"seen". After examining the xz
surface the proper choice was easily made.

As these problems indicate, the Fry method's
usefulness is limited in 1low-strain samples, and in
samples with poor grain-size sorting. The method is also
limited for this study because comparisonl between the
three-dimensional results of the R¢/¢ method and the Fry.
method is difficult, because the latter are not easily
calculated. It 1is, however, important that the Fry
method quickly yielded two dimensional results that can
be compared to the two dimensional results of the Rg¢/¢

method.
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Re/d Method

The Rf/¢ method describes strain by comparing the
axial ratios and orientations of individual grains in two
dimensions. The finite strain can be estimated by
plotting the orientation data on a linear scale against
the axial ratio data on a logarithmic scale. The
resulting point distibution is then used to measure and
describe the strain in two dimensions. The gquality of
the data can then be checked by the theta-curve computer
program, which sequentially "removes" the strain from the
sample data until the most uniform point distribution is
attained. The amount of strain "removed" corresponds to
the reciprocal strain ellipse and should be in close
agreement to the amount of strain calculated by the Rg/0
method. Rg/¢ data from three mutually perpendicular
sides of a rock sample can be further evaluated using the
PASES5 computer program to yield an estimate of the three
dimensional strain ellipsoid.

The R¢/¢ method was used to analyze strain in the 17
samples collected for this study. The theta-curve method
was implemented to check the results of the Rg¢/¢ method.
The magnitudes and orientations of the ellipses generated
by the theta-curve method are in close agreement with

those obtained with Rg/¢. These theta-curve ellipses
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were run in the PASE5 program to give the strain
ellipsoids. The ellipsoids calculated in this fashion
are also in agreement with those calculated with the Rg/¢
method. The theta-curve method thus proved to be a
useful check of the Rg/¢ data. Because the Rg/¢
technique yields accurate data which match those of the
theta-curve method, the results of the Rg/¢ method are

used as the basis of this study.

Fry Method Versus R¢/¢ Method

For surfaces showing high strain the ellipse 1long
axes of the Fry method tend to be parallel to those of
the Rg¢/¢ method. For these high strains the magnitudes
of strain determined by the Fry technique tend to be
slightly greater than those by R¢/¢. For example, side
xy of T56 has Rg equal to 2.08 as calculated by Rg/d
versus 2.21 by the Fry method. In some instances the Fry
value is significantly greater than the Rg/¢ value. The
xz side of T49, for example, has an Ry value of 1.90 via
the R¢/¢ method and an Rg of 4.11 by the Fry method. A
similar result was found for T34xz. The fact that the
Fry results tend to be higher than the Rg/¢ results for
high strain samples is reasonable since the former yields

an estimate of whole-rock strain including a component of
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matrix strain (Fry, 1979). Matrix strain 1is generally
higher than grain strain because the matrix minerals are
smaller, and tend to rotate and/or recrystallize more
readily.

An important point to consider in 1light of the
comparison of these two methods is that the Rg/¢ method
may systematically underestimate the strains by not
considering matrix strain. As indicated above the Fry
method indicates that the Thunderhead Sandstone probably
shows a ductility contrast between its grains and matrix.
Many recent workers have nonetheless used this method
with apparent success on graywacke lithologies and it is
therefore concluded that the R¢/¢ data presented below
are representative of the strain in the Thunderhead

Sandstone.

Trends In The R¢/¢ Data

Seventeen strain measurements were made at 14
localities across the area of study (Figure 13). Ten
were made along the klippe's southeastern margin, in the
well exposed Thunderhead along Highway 73, and seven were
made in the Thunderhead along the northwestern edge of
the Greenbrier thrust sheet. Each calculated strain

ellipsoid was considered relative to other structural
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Figure 13. Results of 17 strain calculations by the R¢/¢
method. The data are presented as plots of principal
strain axes lambda;, lambda;, and lambdaj, on lower
hemisphere equal-area projections. Bedding 1s indicated
by a great circle. Sample collection localities are
indicated by the curved lines. GF=Greenbrier Fault,
SF=Sinks Fault, LSF=Line Springs Fault, GSF=Great Smoky
Fault, MBF=Mannis Branch Fault, OF=Oconaluftee Fault.
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features to determine the geometric relations between the
strain field and the major structures.

Strain magnitudes varied with lambda; (maximum
extension) having a low value of 1.24 and a high value of
1.92. Lambda, (intermediate extension) varied from 0.82
to 1.14 whereas lambda; (minimum extension or maximum
shortening) varied from 0.54 to 0.85. Maximum strain
ratios (i.e., the lambdaj/lambdajz ratios) thus varied
from a low of 1.46 (sample T46) to a high of 3.44 (sample

T56).

Strain Relative to Bedding

Although few consistent geometric relations between
strain and structural elements are apparent, eight
samples show the lambdaj;-lambda, plane of the strain
ellipsoid nearly lying within bedding. These are samples
T32, T33, T34, T49, T52, T56, T58, and T6l.

Four of these are from the main Greenbrier sheet."
These four, T32, T33, T52, and T58, are distributed along
the front of the thrust sheet. Of these four the two
samples taken from nearest the outlier (T32 and T33) show
more flattening relative to stretching than the other
two. The lambdaj-lambda; plane is 25° from bedding in

T32 and 17° from bedding in T33. The latter shows 27.03%
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flattening to 23.85% stretching, whereas the former shows
28.93% flattening to 30.89% stretching. Based on three
point solutions for fault orientation, T32 was collected
an estimated 127 m above the Greenbrier Fault and T33 an
estimated 216 m. The other two samples showing
lambda;-lambda, near bedding (T52 and T58) were collected
geographically farther from the Greenbrier Fault trace
than T32 and T33, although T58 was taken an estimated 542
feet above the fault. These two samples show stretching
percentages significantly greater than flattening
percentages. Sample T52, taken an estimated 331 m above
the Greenbrier Fault, shows 31.21% flattening versus
49.08% stretching, whereas T58 shows 30.36% flattening
versus 50.40% stretching. The lambda;-lambda, plane of
T52 is 38° from bedding versus 29° for T58.

These four samples from the Greenbrier thrust sheet
show a weak correlation between proximity to the
Greenbrier thrust and the angle between bedding and the
lambdaj-lambda; plane (Figure 14). This angle, decreases
from 38° in sample T52 (331 m) to 25° in sample T32 (127
m). Sample T33 is anomalous because it lies 216 m from
the fault yet has a 17° angular relationship between
these two features. This may be due to its relatively
low strain and relatively high matrix percentage (15%).

That is, the higher matrix percentage might be
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Figure 14. Strain analysis results and the geometric
relationships displayed by each sample. Column headings
are indicated by the following abbreviations: K/S=Klippe

sample/Greenbrier Thrust sheet sample, Q=quartz,
F=feldspar, M=matrix, So=bedding orientation,
GF=Greenbrier Fault orientation, SF=Sinks Fault

orientation, =the angle between.
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SAMPLE LITHOLOGY PRINCIPAL STRAINS GEOMETRIC RELATIONSHIPS
SAMPLE
NUMBER JLOCATION| K/S | %Q | %F | %M | X\ Az A3 SoalMA; | Soad)Ng | GFaA); | GFalpg | SFAMA; | SFal)y
17 54 K 65| 20 15 | 1.68 90 | .66 54° 38° 15° 40°

T29 as K 50 | 30 20 | 1.64 82 | .74 89° 34° 43°
T30 as K s0 | 30 20 | 1.37 9 | .76 58° 39° 35°
132 139 S 75 15 10 131 ] 107 )] .1 25° 33°
133 141 S 60 | 25 15| 1.24 | 1.1 .73 17° 21°
134 as K 60| 25 15 | 1.77 82 | .69 38° 28° 25°
145 148 S 72 17 1] 143 | 1.1 .63 68° 68° 35°
T46 141 S a5 | 37 18| 1.24 96 | .85 62° a9°
148 152 S 40 | 40 20 | 1.61 89 | .70 49° 29°
149 102 K ss| 30 15 ] 1.92 83 | .63 42 31° a0°
152 154 S 52 38 10 | 1.49 98 | .69 38° 12°
153 as K 55| 35 10| 1.75 95 | .60 73° 33° 13°
154 155 K 75 15 10 | 130 97| .19 32° 26°
156 156 K 55 | 40 51 189 97 | .55 13° 34° 20°
158 159 S s6 ] 31 19 | 1.50 95 | .70 29° 34°
160 18 K 60 | 35 s| 151 ] 105} .63 38°

. T61 160 K s0]| 35 15 ] 163 | 1.14 | .54 15° 74° 18°




responsible for the relatively 1low angle between the
lambda,-lambda; plane and bedding, in much the same way
that cleavage tends to refract from low angles to bedding
in shaly rocks, to higher angleé in sandy rocks (Ramsay,
1967). Cleavage occurs along the lambda;-lambda,; plane
of strain (Ramsay, 1967), and therefore the latter should
be expected to reflect orientation changes much the way
cleavage does.

Samples T34, T49, T56, and T6l are from the Roundtop
Klippe and as mentioned also show the lambdaj-lambda,
plane nearly parallel to bedding. In samples T56 and Té61
the lambdaj-lambda, plane is closer to bedding than in
the four samples from the main sheet already discussed,
13° in T56 and 15° in T61. Samples T34 and T49 contain
lambda;-lambda, 38° and 42° from bedding respectively.
All four of these samples from the outlier show
stretching percentages significantly - higher than
shortening, and all are estimated to be less than 61 m
above the Greenbrier Fault, with T34 only 6 m above the
fault. These estimates are based on map pattern and the
structure contour map constructed for the Greenbrier
Fault as it underlies the outlier (Figure 7)

When plotted on a Flinn diagram (Flinn, 1962) three
of the eight samples showing bedding parallel or

subparallel to lambda;-lambda,;, have K values 1less than
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unity and thus fall in the apparent flattening field
(Figure 15a). These three, T32, T33, and T6l, thus show
oblate spheroid strain ellipsoids. Only two other
samples in the study have K values less than one. These
are T45, taken from the main sheet, and T60, taken from
the outlier. Flattening in these two shows no apparent
geometric relationship with respect to bedding.

Twelve of the seventeen samples of this study thus
fall in the apparent stretching field of Flinn
(1962) (Figure 15b). This indicates that stretching is
dominant over flattening in the Thunderhead Sandstone and
that variably developed extension dominated within the
hangingwall of the Greenbrier Thrust and hanging wall of
the Sinks Fault. This is typical of hanging wall rocks
in thrust belts due to the complex distribution of simple
shear strains during thrust propagation. Flattening is
more typical of deformation due to burial and/or
structural thickening, in which pure shear strains

dominate.

Strain Relative to the Sinks Fault

All of the ten klippe samples also show either the
lambda-lambda; or the lambdaj;-lambdaj plane at low

angles to the orientation of the nearby Sinks Fault.
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A. Flinn diagram of the five strain ellipsoids which
show apparent flattening. Sample numbers are indicated
on the figure.
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B. Flinn diagram of the twelve strain ellipsoids which
show apparent stretching. Sample numbers are indicated
on the figure. :

Figure 15. Flinn Diagrams.
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Samples T29, T30, T49, T53, T56, and T61l contain
lambda-lambda; at angles from 13° to 43° to the Sinks
Fault, whereas samples T7, T34, T54, and T60 contain
lambdaj-lambdaj between 25° and 40° from the Sinks Fault.
Lambda; and lambdaj appear to switch with one another
where lambda, and lambdajy are similar in magnitude.
Samples from the main sheet were not compared to the

orientation of the Sinks Fault.

Strain Relative to the Greenbrier Fault

Of the seven samples collected from the main
Greenbrier thrust sheet, only three are from near the
edge of the thrust sheet. These are T32, T33, and T58.
Each of these contains the lambda;-lambda,; plane of the
strain ellipsoid subparallel to the orientation of the
Greenbrier Fault, as calculated from map relations via
three point solutions. T32 shows lambda-lambdap; 33°
from the fault, whereas T33 is at 30° and T58 at 34°.

The strain ellipsoids for all but one of the outlier
samples were compared to the orientation of the
Greenbrier Fault at each sample 1locality. The fault's
orientation was estimated from the structure contour map
of its surface (Figure 7). T61 was not examined because

of the lack of control on the fault's orientation at this
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locality. It occurs at a point where the fault surface
is folded in a fashion that is hard to determine.
Samples T49 and T56 contain the lambdaj-lambdaj; plane 31°
and 34° from the fault plane respectively. Samples T7,
T34, and T54 contain the lambdaj-lambdaj plane 15°, 289,
and 32° from the fault respectively. Five of the outlier
samples thus show either lambdaq-lambda, or
lambdaj-lambdaj subparallel to the Greenbrier Fault.

All four samples from 1locality 45 were collected
from within 10 m of one another and in all four, lambda;
plunges east to northeast (Figure 1 ). Of these four,
T29 and T30 show lambdaj-lambdaj subparallel to the
fault, and sample T34 shows lambdaj-lambdaj 28° to the
fault. In contrast, sample T53 shows no apparent
geometric relation with the Greenbrier Fault. In spite
of the consistent orientation of lambda; in these four
samples, together they show how much strain patterns can
vary on the meter-scale (i.e., the principal planes vary

greatly in orientation).

Summary of Geometric Relationships

The most obvious geometric relationship in the
strain data is that in most cases the lambda; direction

is at high angles to the thrust transport direction. The
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dominance of prolate spheroids indicates variably
developed extension within the thrust sheet at high
angles to thrust transport and relatively low angles to
bedding. Eight samples show lambdaj-lambda, from 14° to
42° from bedding. These are samples T32, T33, T34, T49,
T2, T56, T58, and T6l. The remainder show
lambdaj-lambda3 from 33° to 49° from bedding. These are
samples T7, T29, T30, T46, and T53. Although the
lambdaj;-lambda; plane is not the geometric plane of
flattening it is significant because it contains the
lambda; axis or maximum extension direction. Because it
also contains lambdaj, the direction of maximum
shortening, the lambdaj;-lambdaj; plane displays the strain
ellipse with the greatest axial ratio possible for the
particular strain ellipsoid.

Projection of four of the calculated strain
ellipsoids into the cross sections of King (1964) shows
the ellipses to be -elongate and dipping toward the
southeast (Figure 16). This strain geometry is typical
of the leading edge of a thrust sheet 1in areas not
adjacent to the thrust tips or lateral ramps (Coward and
Potts, 1983).

Although less obvious, the geometric relationships
between strain and the orientations of the Sinks and

Greenbrier Faults appear to be significant. These
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relationships appear to reflect the states of strain in
the hanging wall rocks as these faults were emplaced.

The proposed sequence of strain events which
effected the rocks of the study area are shown in figure
17. This model, based on the theory discussed by Mitra
and Elliott (1980), Ramsay and Graham (1970), and
Sanderson (1982), describes how the Greenbrier thrust
and the Sinks fault each imparted a component of strain
on the Thunderhead Sandstone as follows: During
emplacement of the Greenbrier Thrust (Tl), simple shear
strains developed in the hanging wall rocks, with lambda;
axes generally dipping toward the hinterland. These
strains increased in magnitude and tended to become
asymptotic to the thrust at deeper levels in the hanging
wall. The orientations of the strain ellipses varied in
accordance with the orientation of the thrust surface
(e.g., as the fault cut up stratigraphic section).
Strains that developed in the hanging wall of the Sinks
fault (T2) were similarly oriented with respect to the
fault surface during its propagation. These strains were
superimposed on the T1 strains. Several superposed
strain ellipses are indicated in Figure 17, with the
resulting strain ellipses indicated by the letter R. The
ellipses that resulted from these strain events varied in

orientation and magnitude. This is highlighted by the
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Figure 17. Model showing the 1ideal strain geometries
resulting from the emplacement of the Greenbrier Thrust
followed by the Sinks Fault. This model is based on the
theory discussed by Mitra and Elliott (1980), Ramsay and
Graham (1970), and Sanderson (1982). The variable
results of the superposition of these strains is shown
schematically. These resultant ellipses are labelled R.
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enlarged section of Figure 15, which shows the rotation
of the footwall rocks of the Sinks Fault. This caused
the T1 strains to rotate counterclockwise (in this
example). The lambda; axes of the subsequent T2 strain
were therefore perpendicular to the lambda; axes of the
Tl strain. These superposed strains thus "cancelled" one
another resulting in circular strain ellipses.

As illustrtated by this model the strain geémetries
which resulted from the Greenbrier Thrust and Sinks Fault
appear in part to have been dependent on structural

position.
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CHAPTER 1V

"DISCUSSION AND CONCLUSIONS

Discussion

The strain analyses prove useful in examining the
deformation history of this area and the mapping brings
out the significant structural elements to consider in

light of this strain data.

Strain Geometries

The study reveals some interesting geometric ties
between strains and structural features. The geometric
relationships between strain and bedding, strain and the
Greenbrier Fault, and strain and the Sinks Fault appear
to be significant.

The fact that five of 17 samples show the
lambdaq-lambda, plane of strain less than 30° from the
bedding plane is interesting. Also interesting is the
observation that 11 of 17 samples show the lambda; axis
less than 40° from the bedding plane. This indicates

that flattening subparallel to bedding is an important

60



strain geometry in the Thunderhead Sandstone, and that
the maximum extension axis (lambda;) usually lies at a
low angle to bedding.

Such a pattern might be accounted for by invoking a
pure shear flattening mechanism. This might involve
depositional overburden and/or overburden due to
structural thickening (i.e., stacked thrust sheets or
fault duplication).

Conversely, this strain pattern might indicate that
major simple shear strains have been impressed on the
whole Thunderhead Sandstone within the Greenbrier Thrust
sheet. This strain pattern is typical of major thrust
sheets and probably accounts for the subparallelism
between the lambda;-lambda, plane and bedding within the
Thunderhead Sandstone.

Figure 18 shows schematically how these two
mechanisms might be invoked to explain the flattening
subparallel to bedding. As indicated by ellipses ¢ and g
the flattening created by pure shear can be equalled by
invoking simple shear plus a rotation. Although not
truly parallel to bedding, ellipse g clearly displays a
similar relationship to bedding as ellipse c.

Nine of the ten samples from the klippe contain
either lambdaj-lambda,; or lambda;-lambdaj 15° to 34° from

the orientation of the Greenbrier Fault. Similarly, the
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three main sheet samples taken from near the sheet's edge
show the lambdaj;-lambda,; plane 21° to 34° from the
Greenbrier Fault. This can be explained by invoking a
heterogeneous simple shearing in the hanging wall rocks
of the Greenbrier Fault. As shown in Figure 19a,
principal strains in hanging wall rocks are thought to
become near parallel to the underlying thrust fault at
the deeper levels inl moving thrust sheets (Mitra and
Elliot, 1979; Ramsay and Graham, 1970). At higher 1levels
in thrust sheets, the principal strains are thought to be
oblique to the fault, dipping toward the hinterland
(Ramsay and Graham, 1970). This rotation of strain
within thrust sheets is much like the fanning of cleavage
in fine grained hanging wall rocks (Mitra and Elliot,
19758} .

All ten samples from the Kklippe either show the
lambda; -lambda; plane or the lambdaq-lambdaj plane
subparallel to the Sinks Fault. This relationship might
be the result of movement of the Sinks Fault, causing
finite strains in the footwall to realign roughly
parallel to the fault, as displayed by ellipse Rq in
Figure 17. The fabric in the footwall rocks can be
described like the strain fabrics that develop in ductile
deformation zones (Simpson, 1983). Siﬁpson (1983) showed

that during ductile deformation-zone formation, grains
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A. Diagram schematically illustrating the rotation of
principal strain trajectories into parallelism with the
fault plane (c¢) in the hanging wall rocks (a) as they are
emplaced onto the footwall (b). This is based on the
theory discussed by Mitra and Elliott (1980), Ramsay and
Graham (1970), and Sanderson (1982).

B. Diagram showing the development of a ductile
deformation zone (DDZ) and the elongation of and rotation
of grains into parallelism with the incipient DDZ (After
Simpson, 1983). This is analogous to the development of
strain patterns in fault zones. The grains labeled with
the letter S display strain geometries analogous to those
described in the samples of the present study.

Figure 19. Diagrams illustrating strain development.
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become elongate at 1low angles to the incipient
deformation zone (Figure 19b). If the strains cannot
keep pace with the stresses, the ductile deformation zone
fails, leaving the elongate grains along its borders to
record the early development of the fault. This is
analogous to the development of strain fabrics along
mappable faults.

The fold within the Thunderhead Sandstone of the
Roundtop Klippe at the Sinks, 1is not thought to have
imparted a significant strain fabric on the Thunderhead.
This 1is due to the lack of apparent geometric
relationship between the principal strains and the
east-west oriented fold axial plane. For example, sample
T56 shows the lambdaj-lambda; plane dipping shallowly
south-southeast whereas the fold axial plane dips steeply
in this direction. The fold axial surface and the
principal plane of strain would be expected to be
subparallel if the strains were developed in conjunction
with an axial plane cleavage (Ramsay, 1967). In
addition, within the overturned limb of the fold, the
principal plane of strain would be expected to have a
steeper dip than the axial plane of the fold (i.e., where

T56 was collected).
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Map Relations

It is clear from the remapping done for this project
that the maps and cross sections of King (1964) are
reascnable explanations of the structure in this area,
as discussed in this and the following sections.

The rocks of the klippe make up a synform whose axis
is oriented east-northeast. The southeastern 1limb of
this synform, in the vicinity of the Sinks, is
overturned. Rocks of the main sheet in the study area
are upright and mostly dip southeast.

Imbrication is present in both the Greenbrier and
Sinks Fault zones, indicating that both are
contractional features (i.e., thrust faults). Another
important feature which the mapping revealed is that of
variably oriented small fault zones within the
Thunderhead Sandstone. Centimeter-scale shear 2zones of
varied orientation occur close to these faults. These
features indicate that the Thunderhead was deformed both
by mesoscopic structural features as well as by bulk
strain.

The occurrence of type II S-C mylonites show that
the Metcalf has -taken up a significant amount of strain
as well (Lister and Snoke, 1984). It 1is probable that
these mylonite zones are major movement horizons and are

related to the emplacement of the Greenbrier fault,

66



although the fault places "younger" Thunderhead sandstone
on top of "older" Metcalf phyllite and thus is close to

to being a bedding plane fault.

Strain Data Relative to King's (1964) Interpretations

The deformation history of the study area can be
postulatéd as follows (Figure 20). Tl1: The Gréenbrier
thrust carried '"younger" Thunderhead Sandstone over
"older" Metcalf Phyllite. This fault was probably nearly
parallel to the statigraphic contact between these units
and close to the contact. T The Sinks fault cut
through the Greenbrier Fault near the sheet's edge, and
thus moved a block of Thunderhead and Metcalf over the
Thunderhead that was later to become the Roundtop Klippe.
T3: The Line Springs Fault later splayed off the Sinks
Fault in a forward progression, thus moving Metcalf and
Thunderhead together over rocks of the '"younger" Walden
Creek Group. T4: The Great Smoky Fault moved the
Precambrian rocks of the study area onto sedimentary
rocks of Ordovician age.

Strains near the base of the hanging wall of the
Greenbrier Fault might be expected to be asymptotic to
the thrust, that is, subparallel to the fault near .its

surface, and oblique to it at higher 1levels within the
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Figure 20. Cross section sketches showing the relative
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forward progressing splay off of the Sinks Fault. Tl
shows the emplacement of the Greenbrier Thrust, T2 shows
the emplacement of the Sinks fault, T3 shows the
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the Sinks Fault, and T4 shows the emplacement of ' the
Great Smoky Fault.
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sheet. The strain data collected are consistent with
such a model. This is also in accord with the occurrence
of type II S-C mylonites within the Metcalf Phyllite,
which probably was the major movement horizon for the
Greenbrier Fault.

Movement of the Sinks Fault would have probably
resulted in a superimposed strain fabric in its footwall
rocks. This may be indicated by the complex . strain
geometries of the samples taken from the klippe.

King (1964) indicated that evidence for the timing
of the emplacement of the Line Springs Fault is
inconclusive, but that it appeared to be prior to Great
Smoky faulting. Based on map relations and common S-C
mylonite textures in both fault zones it is hypothesized
that the Line Springs Fault and the Sinks Fault are part
of the same "fault family" although it is not possible to
determine which was emplaced first. Therefore, in the
above chronology the Sinks Fault and Line Springs Fault
might exchange places, if the Sinks is considered to be
an out-of-sequence splay off the Line Springs (Figure
21). This chronology is as follows: s As 1in the
chronology above, the Greenbrier Thrust carried "younger"
Thunderhead Sandstone over "older" Metcalf phyllite. T2:
The Line Springs Fault moved at a deeper level than ‘the

Greenbrier, and therefore moved Metcalf Phyllite over the
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Figure 21. Cross section sketches showing an alternative
interpretation of the relative timing of the emplacement
of the Greenbrier, Line Springs, Sinks, and Great Smoky
Faults. This interpretation displays the Sinks Fault as
an out of sequence splay off of the Line Springs Fault.
Tl shows the emplacement of the Greenbrier Thrust, T2
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emplacement of the Great Smoky Fault.
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Precambrian Shields Formation. T3: The Sinks Fault
formed as an out of sequence splay off the Line Springs
Fault and cut the Greenbrier Thrust sheet. The Sinks
Fault, therefore moved Metcalf phyllite and Thunderhead
Sandstone together over a smaller body of Thunderhead.
This body of Thunderhead was later to become the Roundtop
Klippe. T4: The Great Smoky Fault moved the Precambrian
rocks of the study area over sedimentary rocks of
Ordovician age. In either chronological model, the
emplacement of the Line Springs Fault is not thought to
have been a significant strain "episode" in the study
area.

The strains described in this study are the result
of at least two deformation events, and it is therefore
not possible to attribute any single strain ellipsoid to
a single deformation event. The strain ellipsoids are
thus representative of the incremental strains recorded

over a series of deformation events.

Conclusions

The following is a list of conclusions drawn from
the remapping and strain analyses of the present study.
1). The R¢/¢ method and PASES method of strain analysis

vielded useable three dimensional results for samples of
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Thunderhead Sandstone from the Roundtop Klippe.

2). The Fry method vyielded useable two-dimensional
results for samples of Thunderhead Sandstone showing high
strain. This method suggests that matrix strains not
measured by the Rg¢/¢ method may account for as much as
40-50% of the total finite strains in these samples.

3). Field mapping showed that the 1:24,000 scale map of
King (1964) is largely correct. A small window through
the Greenbrier Fault was locéted at the southwestern
corner of the klippe. Both the Greenbrier and Sinks
Faults were vérified as to their being contractional
faults. This 1is evident in the high degree of
imbrication observed along their traces. There is no
evidence for a fault between Cades and Thunderhead strata
southwest of the Roundtop Klippe, as King's (1964) map
suggests. This implies that the Cades and Thunderhead
are the same stratigraphic unit, with differing
sedimentology as one goes from northeast to southwest.
As suggested by Walters (1988), the Elkmont may be a
facies equivalent of the Cades, and therefore may be
related stratigraphically to the Thunderhead.

4). Inhomogeneous strain is observed throughout the
Thunderhead Sandstone, most noteably in the Roun@top
Klippe.

5). Lambda; often lies close to parallel to bedding and
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could be the result of pure shear flattening due to
sedimentary and/or structural overburden.

6). The lambdaj;-lambda; plane or the lambda;-lambdaj
plane of strain lies subparallel to the orientation of
the Greenbrier Fault in ten samples. This is thought to
be the result of simple shear along the base of the
thrust sheet during emplacement of the Greenbrier Fault.
This is likely an early strain feature in the Thunderhead
just as the Greenbrier is also an early feature, as
indicated by crosscutting relations.

7). The lambdaj;-lambda; plane or the lambdaj;-lambdaj
plane of strain for samples T7, T30, T49, T54, T56, T60,
and T6l near the Sinks Fault 1lie subparallel to the
orientation of that fault in the Thunderhead Sandtone of
the Roundtop Klippe. This is thought to result from
simple shear within the Sinks footwall during its
emplacement. Erosion has removed the hanging wall
Thunderhead rocks that were originally proximal to the
fault. This is thought to be a later strain event than
the strains resulting from Greenbrier faulting.

8). The relationships, at depth, between the Greenbrier,
Sinks, and Line Springs Faults cannot be determined
absolutely although it 1is clear that the Greenbrier
occurred first.

9). It is possible that the Sinks and Line Springs
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Faults connect at depth beneath the Metcalf Phyllite, but
it is not possible in this model to prove which moved
first. This is consistent with King's (1964) maps and
cross sections through the area.

10). The strains calculated in this study are
representative of two and possibly three different
episodes of deformation. The strain ellipsoids represent
the end result of incremental strains accumulated over
time, making correlation between a single ellipsoid and a

single deformation event impossible.
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APPENDIX A

METHODS OF STUDY

The area was remapped at a scale of 1:12,000 during
this study (Plate 1). The finite strain recorded by the
Thunderhead Formation sandstone and conglomerate strata
was measured using both the R¢/0 method (Ramsay, 1967;
Dunnet, 1969; with enhancements by Lisle, 1977) and the
"All object-object separations" method of Fry (1979).
Oriented samples of Thunderhead Sandstone were collected
from the localities indicated in Figure 1 . Many of the
localities are in the Little River Gorge where the
exposure 1is best and the rock generally fresh.
Conglomerate samples were cut and polished on three
mutually orthogonal surfaces, whose orientations were
recorded. These surfaces were photographed and the
prints used for the strain analyses. Samples T7, T29,
T30, T33, T34, and T54 are slab samples of conglomeratic

Thunderhead. Medium- and coarse-grained sandstone
samples were similarly slabbed and two inch by three inch
thin sections were cut for each surface. The thin

sections were placed in a photographic enlarger between
two oriented polarizing filters and photonegatives were
printed (Figure 22). These prints were then used for the
strain analyses. This was done for samples T332, T45,
T46, T48, T49, T52, T53, T56, T58, T60, and T6l.

Computer Analyses

Kligfield et al. (1982) have compiled a package of
strain analysis programs written for Tektronix hardware.
The R¢/¢ and theta-curve methods were carried out with
this software using data generated with the ellipse
tracing program from this package. Data generated by the
R¢/¢ program was then run in the PASE5 program in order
to determine the strain ellipsoid (three-dimensional).
The PASES5 program, developed by Siddans (1971, 1980),
determines three-dimensional strain, from two-dimensional
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strain data on three mutually perpendicular,
non-principal planes.

The Rf/¢ Method And Theta Method

The Rf¢/¢ and theta-curve methods of strain analysis
are based on the theory outlined below. The former
method yields an estimate of the strain ellipse magnitude
and orientation based on the mean orientation and
magnitude of the Rg¢/¢ plot. The Rg¢/¢ plot symmetry is
used to check the validity of this determination. This
is done using the harmonic mean of Rf and the vector mean
of ¢ as prescribed by Lisle (1985).

The theta-curve method of Lisle (1977) is applied to
further check the results of the analysis by
destraining the data. The long axis as éetermlned by the
Rf¢/¢ method is used as the direction of step-wise
destraining. At each step the orientation of all of the
strain markers are evaluated by a Chi-squared test for
randomness. This is performed until the cluster displays
the most random orientation, at which point the amount of
strain accumulated in the destraining process 1is noted.
This value constitutes the reciprocal strain ellipse for
the surface in question. The fundamental assumption is
that the sample initially showed a ramdom distribution of
marker orientations. Step-wise destraining, along the
strained array's 1long axis, 1is performed until the
markers show a random distribution. This randomly
orientated array is thus assumed to be the starting point
or pre-deformation array.

The following theoretical discussion is based on
Lisle (1985). The Rg/¢ technique of strain analysis
assumes homogeneous deformation of spherical objects
which strain homogeneously with the matrix (see
discussion of Fry method for differential strains with
respect to the matrix). An elliptical marker of shape Rj
and orientation © subjected to a strain of magnitude Rg
is transformed to an ellipse of shape Rg and orientation
¢ given by:

2RS(R§-1)sinze
(R1?+1)(R§-1)+(R1?-1)(R§+1)cosze
1/2

tan2¢ =

[ian 9(1+R tan 6) R (tan G+R2)
s [B tan Q(tan 9+R )- (1+R tan G_J
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Figure 2.1 from Lisle (1985) illustrates the
relationships between Rj, ©, Rg, Rg, and ¢ (Figure 23).
A suite of particles of varying Ry and ©, when strained,

will yield a variety of Rf and ¢ values When R is
plotted on a logarithmic scale versus ¢ the result 1s a
cluster of points about an axis (Figure 24). The shape

of the data cluster indicates the nature of the strain.
When the grain long axes show a preferred orientation,
points cluster tightly about a certain ¢ value. This is
best developed when the strains are large. Low strain
samples tend to show a wider spread of ¢ values and less
well-developed preferred orientation. The strain
magnitude (Rg) is estimated by calculating the mean of
Rg¢, and its orlentatlon is determined by calculating the
vector mean of ¢. Rg in indicated on Figure 24, as well
as the Rj curve which best encircles the data points.
The Rj curves are generated as described in the following
paragraph and are used to estimate the initial
ellipticity of the grains being wused in the analysis.
Appendix E contains the R¢/¢ plots for all of the
samples used in this study. ﬁese plots were generated
using the Kligfield et al. (1982) computer programs.

A suite of ellipses of identical R;y but variable ©
(initial orientation) deforms to yleld ellipses of
variable R¢ and ¢. This deformed suite plots on an Rf/¢
diagram as a curve given by:

(Rf+1/Rf)(Rs+1/Rs)'2(Ri+1/Ri)

cos2¢ =
(Re=1/R) (Re-1/R)

with Rg and R; as_constants. Repetition of this
operation with several values of Rj results 1in plots
showing a definite range of final shapes The axial
ratios of the extreme elllpses (Rf max: Rf min) » that is,
the maximum final and minimum final ratios, are simple
products or quotients of R; and Rg as "they result from
the parallel or perpendlcuiar super1mpos1tlon of these
shape components." (Lisle, 1985). These values can be
calculated with the following formulas:

max b
RS Ri
Rf = the greater of — or —
min R1 RS
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Ellipse R

Figure 23. Diagram showing the relationship between Rj,
©, Rg, R¢g, and ¢ (From Lisle, 1985). Elliptical marker
of shape R; and orientation © (with reference to
coordinate axis x) subjected to a strain of magnitude R

is transformed to ellipse of shape Rf with orientation
(with reference to coordinate axis x).
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Figure 24. Rg¢/¢ plot of sample T6lxz. The original zero
is the orientation of the reference line from which o was
measured. When the grain 1long axes show a preferred
orientation the points cluster tightly about a certain ¢
value. This occurs in high strain samples. Low strain
samples tend to show less preferred grain orientation and
thus a wider spread of ¢ values. Rg is indicated with a
O symbol. The R; line is chosen to encircle as many data
points as possible and gives an estimate of the initial
ellipticity of the strained grains.
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The curves generated in this way span a limited
range of ¢ values. The fluctuation 1is defined as the
limited spread of orientations which the deformed
ellipses take. The magnitude of this angular spread is
given by equation 2.7 of Lisle (1985) as follows:

. o M
sm2¢max N Rg-1/R

In cases where R; > Rg, the fluctuation 1is unrestricted
or 2¢max is 180 éegrees.

Markers sharing a constant initial orientation but
of varying initial axial ratios deform to give a curve on
an R¢/¢ diagram termed a theta-curve (Lisle, 1977b).
Varylng the initial orientation of the suite results in a
series of curves which radiate from the point (¢ = 0, R¢
= Rg). These curves are drawn by substituting the
appropriate values of Ry and © into equation 2.9 of Lisle
(1985) which follows:

172

tanze(Rg-tanze)-ZRstaM
F [tan20(1-R%tan’s) -2 tan

"To draw the 6 = 45° durve, use is made of:

0172
[tanZz)-Rsl:l
Re= o
b Wizl
stan¢-
When © is greater than 45°, the curves have a minimum at

a ¢ value obtained by differentiating equation 2.9 and
equating dR¢/d¢ to zero. This yields

& 1/2
By g = V2R [tanze(RZ+1)% (tan20(R%+1)%r2)]

' The All Object-Object Separation Method Of Fry (1979)

The method of Fry (1979), henceforth referred to as
the Fry method, is based on the distribution of grain
centers on two dimensional sample surfaces. The
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technique creates a graphical representation of strain on
a flat surface, based simply on how close grain centers
can get to one another. An originally isoptropic
(uniform) distribution of grains is assumed. In an
initally random distribution, object positions are
mutually independent and no strain can be measured (Fry,
1979). An isotropic distribution is reasonable for most
geologic materials because of grain size sorting limits.
Sediments, for example, are usually deposited with some
degree of consistent sorting.

The graphical construction used in this technique
follows. While maintaining a constant orientation on a
rectangular coordinate system the center point of a clear
overlay is placed over the first grain, and all other
grain centers are marked on the overlay. The overlay
center point is then moved to a second grain and again
all grain centers, including that of the first grain, are
marked on the overlay. This is continued for grains
three, four, five, and so on until all of the chosen
grains (50-100) have been treated. The result is an area
void of points around the original center point. This
void is representative of the orientation and magnitude
of the strain ellipse for that two dimensional surface
(figure 25).

The Fry method yields an estimate of the matrix
strain in samples where objects are spaced in a nearly
homogeneously deforming matrix. In cases where the
objects in the sample have deformed Fry (1979) suggested
that this method may be an alternative one to strain
measurements based on object shapes. He stated that in
rocks consisting of tightly packed objects (grains) that
deform homogeneously there should be no difference in
strain as determined by object shape and as determined
with his method or any other center-to-center method.

Six of the 17 samples were evaluated using slab
photographs for the strain measurements. For the Fry
analyses only feldspar grains were chosen because of the
ease with which their grain boundaries can be determined
in slab samples as compared to the great difficulty
encountered with quartz grain boundaries. Due to the
abundant but dispersed nature of the feldspar grains,
these slab analyses 1likely vyield an estimate of the
strain experienced by the whole rock, primarily by its
matrix (Fry, 1979). 1In contrast, the remaining eleven
samples were analyzed with two inch by three inch thin
section photonegatives and the quartz grains were used in
the Fry analyses as their boundaries are easily
deciphered in thin section. These eleven analyses
yvielded results similar to those obtained by object shape
techniques like the Rg/¢ method (Fry, 1979).
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found at the center of
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The void ellipse

Void ellipse generated by the Fry method for
the plot indicated with the plus symbol.

Figure 25.
sample T6lxz.
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The Fry method was used in this study for two
reasons. First, in order to compare the results with
those of the Rf/¢ method, and second, because of the ease
and relative speed of its application.
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APPENDIX B

SAMPLE DESCRIPTIONS

The samples were all examined to describe their
general mineralogy and texture. Estimated percentages of
quartz, feldspar, and matrix are presented here and in
Figure 14 with other significant characteristics.
Estimated percentages of matrix include phyllosilicates,
carbonates, heavy minerals and accessory minerals, but
exclude very fine-grained quartz and feldspar.
Quartzofeldspathic lithic fragments are broken down into
percentages of each constituent so that the estimated
percentages of quartz and feldspar are totals.

T7. This coarse conglomeratic slab sample contains
65% quartz, 20% feldspar, and 15% matrix. Quartz and
feldspar clasts show a strong tectonic 1lineation with
quartz ribbons up to 3 cm in length. Feldspar grains are
seen broken along mineralogic cleavage planes due to
extension. These grains are as long as 1.2 cm.

T29. This coarse conglomeratic slab sample contains
50% quartz, 30% feldspar, and 20% matrix.
Quartzofeldspathic lithic fragments make up about 10% of
the rock. A strong tectonic lineation is apparent with
feldspars up to 1.7 cm long and lithic fragments up to
2.3 em long. Feldspars are pulled apart along
mineralogic cleavage.

T30. This conglomeratic slab contains 50% quartz,

30% feldspar, and 20% matrix. Approximately 10-15% of

the sample 1is quartzofeldspathic lithic fragments.

Tectonic fabric is moderate, with feldpars up to 1.5 cm
long.

P2 These thin-section samples are highly
quartzose with 75% quartz, 15% feldspar, and 10% matrix.
Quartzofeldspathic lithic fragments make up 10-15% of the
sample. The coarser fraction is mostly coarse to granule
sized quartz. The tectonic shape fabric is weak. The
matrix is composed dominantly of quartz.
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33. This conglomeratic slab sample contains 60%
quartz, 25% feldspar, and 15% matrix. Tectonic fabric is
weak with feldspar and quartz grains up to 1.2 cm in.

length.

T34. This coarse conglomerate similarly contains
60% quartz, 25% feldspar, and 15% matrix.
Quartzofeldspathic lithic fragments make up about 10% of
the rock. Tectonic lineation is strong, with feldspars
up to 3 cm long and quartz ribbons up to 4 cm long.

T45. These thin-section samples are quartz-rich
with 72% quartz, 17% feldspar, and 11% matrix.
Quartzofeldspathic lithic fragments make up 15% -of the
rock. These samples are dominated by coarse-grained
quartz sand, with disseminated.granule-sized grains. A
moderate tectonic fabric is present as elongate quartz
grains.

T46. Thin section samples from sample T46 are
relatively quartz-poor with 45% quartz, 37% feldspar, and
18% matrix. OQuartzofeldspathic lithic fragments make up
about 10% of each thin-section. The rock is mostly made
up of grains from 0.5-2 mm in diameter, with dispersed
granule-sized grains. Texturally and mineralogically T46
is immature. A weak tectonic lineation is evident with
phyllosilicates of the matrix forming a weak,
disseminated cleavage parallel to this grain elongation
(lineation).

T48. Sample T48 thin-sections contain 40% quartz,
40% feldspar, and 20% matrix. Quartzofeldspathic 1lithic
fragments make up only about 7% of the rock. Most of the
grains are between 0.5-0.5 mm in diameter. Similar to
sample T46, T48 has a weak cleavage, displayed by matrix
phyllosilicates, which parallels the quartz and feldspar
grain elongation (tectonic fabric).

T49. Sample T49 thin-sections contain 55% quartz,
30% feldspar, and 15% matrix. Quartzofeldspathic 1lithic
fragments are rare. The dominant grain diameter is from
0.5-1 mm with 2 mm grains found more rarely, and grains
as long as 4 mm even more rarely found. Phyllosilicates
aligned parallel to the highly elongate gquartz and
feldspar grains create a cleavage.

T52. Thin-sections from sample T52 contain 52%

quartz, 38% feldspar, and 10% matrix. Grain diameters
are mostly between 0.5-1.5 mm, with the 1longest grain
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being about 2 mm in length. A tectonic fabric is
moderately well developed.

T53. Sample T53 thin-sections are 55% quartz, 35%
feldspar, and 10% matrix. About 5-7% of the sample is
composed of quartzofeldspathic lithic fragments. Strong
tectonic lineation is displayed by quartz ribbons up to 5
mm long. The matrix minerals are carbonate, quartz, and
feldspar and display a cleavage parallel to the tectonic
lineation.

T54. This is the most quartzose of the slab samples
containing 75% quartz, 15% feldspar, and 10% matrix.
10-15% of the rock 1is composed to quartzofeldspathic
lithic fragments. A moderate strain fabric is evident
with feldspars up to 1.5 cm long.

T56. These thin-sections contain 55% quartz, 40%
feldspar, and 5% matrix. The average grain diameters are
from 0.5-1.5 mm, but the high strain is recorded by
quartz ribbons up to 4.1 mm in length. Feldspar clasts
tend to be more angular than the gquartz clasts. The
sparse matrix is of carbonate and phyllosilicate
minerals. ‘

T58. Thin-sections of sample T58 contain 50%
quartz, 31% feldspar, and 19% matrix. Quartzofeldspathic
lithic fragments comprise less than 3% of the sample.
The average grain diameter is from 0.5-1.5 mm, but some
grains are as large as 3 mm across. The moderate strain
fabric is parallel to the weak cleavage developed by the
matrix phyllosilicates.

T60. These thin-sections are 60% quartz, 35%
feldspar, and 5% matrix. Although some quartz ribbons
are as long as 6 mm, the bulk of the grains are 0.5-1 mm
in diameter. Feldspar grains show brittle deformation,
in contrast to the quartz. The sparse matrix of
phyllosilicate and carbonate minerals shows a weak
cleavage parallel to the moderately strong grain
elongation.

T6l. Sample T61l thin-sections contain 50% quartz,
35% feldspar, and 15% matrix. Quartzofeldpathic 1lithic
fragments make up about 5% of the sample and tend to
occur in the coarser fraction (e.g., approximately 2 mm
in diameter). Average grain diameters range from 0.25-1
mm, but quartz ribbons are as long as 6 mm. Feldspars
appear brittley deformed. Matrix phyllosilicates show a
weak cleavage parallel to the elongate quartz grains.
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APPENDIX C

FIELD TRIP GUIDE

The following is a brief field trip guide to several
key locations within the area of this study. As a
starting point I have chosen the stop sign at the
intersection of Tennessee Route 73 and the Cades Cove
Road. This is located about one mile inside the National
Park boundary and about 2 miles southeast of Townsend,
Tennessee. This is the 0.0 mile mark for the trip. From:
this point turn left, heading to the northeast toward
Gatlinburg, and begin keeping track of your odometer.

4.25 miles: Stop One (pull off to the right)

Just after crossing the last bridge you crossed into
the area of the klippe. Across the road is well exposed
Thunderhead Sandstone displaying interbedded fine
sandstone and conglomerate. At the 1left end of the
outcrop loock up to see several 1large mudrock clasts
within a very distinct layer of conglomerate.

4.85 miles: Stop Two (pull off to the right)

Park in the small pullout past the one which 1looks
to Meig's Falls. Across the road note the well exposed
Thunderhead Sandstone. Much of this exposure is made up
of conglomeratic Thunderhead. Look at the flat surface
dipping toward the road near the right end of the better
exposures. The front edge of this flat surface is
recognized by the remnant of a hole drilled through it.
This is a slip surface displaying small steps. Carefully
examine this area for large feldspar clasts which have
been partially pulled apart. These clasts appear to have
partially strained by shear along mineralogic cleavage
planes.

5.88 miles: Stop Three (pull off to the right)
Park in the Sinks parking area. Here can be found

evidence that the beds of Thunderhead Sandstone in this
area are overturned. Walk down the pathway that leads
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you past the trash cans. Soon thereafter turn to the
right, working your way out to the top of the <cliffs
which overlook the water below the falls. Look for the
spot which juts out significantly. Here you should 1look
at the rocks underfoot. Careful inspection reveals
crossbeds whose truncated tops are overturned.

Now walk back past where you parked and turn right
on Route 73. Along the right side of the rocad is well
exposed Thunderhead Sandstone. Careful inspection will
reveal graded bedding, which supports the evidence for
overturned bedding just examined. Bedding here dips to
the right when looking from the road (i.e., bedding dips
southeast). Note that there are several discrete planes
which cut the beds at low angles. These surfaces lie at
a lower angle than bedding. They appear to be minor
fault surfaces which cut the Thunderhead at various
angles and may be related to the nearby Sinks Fault.

7.25 miles: Stop Four (pull off to the right)

Park on the right side of the road just before a
sharp right curve. Cross the road and follow the path
down to the Little River. Across the river 1is a
significant cliff. Notice that most of it is composed of
Thunderhead Sandstone, but at the base of the cliff is a
shaly looking unit. This is the Metcalf Phyllite. You
are looking at the Greenbrier fault from within the
larger of the two windows described by King (1964).
Notice the large slivers or horses of Thunderhead which
are completely surrounded by highly deformed Metcalf.
Also note the shape of these slivers and the way several
of them appear to be almost stacked upon one another.
This is probably the best exposure of the Greenbrier
fault in the are of study and nicely displays some of the
features expected in fault zones.
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APPENDIX D

Rf/¢ AND PASE5 STRAIN ANALYSIS DATA

SPECIMEN REFERENCE.....

T XY
ELLIPSE HUMBEF AXIAL RATID LONG AXTIS ORIENT, CORREL.CZCEFF.
1 158 17,44 8.76
2 1.38 -45.82 - 0,84
3 1.59 -5.80 0.91
4 225 T.62 8. 94
S 2,78 -4.33 8.91
6 1.52 1Lafe 9.438
7 1.26 26.306 8,48
g 1.33 1.81 0.49
9 2. 14 1.89 8.91
10 St -S5.83 1.98
11 2.94 9.88 8.95
12 S.17 22,62 - 9.99
13 2,23 -9.381 0.79
14 €.06 -9.93 0.92
15 1,66 -5.49 8.57
16 2.87 -3.37 8.98
17 2.94 -4,38 0.98
18 3.63 -8,44 2.99
19 2.50 -1.10 8.97
20 2.12 6.37 8.97
21 2.18 -2.71 0.97
22 3.32 1.83 0.99
23 2.81 -3.78 e.94
24 2.24 15.37 8.9?7
25 1.79 ~7.24 0.86
26 2.49 27.081 0.98
27 3.81 -3.12 8.97
28 3.7 -13.01 0.99
29 3.7 17.28 0.9)
30 2.90 -10.50 Q.37
21 6. 1] -8.35 0.98
3¢ 1.65 7.14 0.94
33 1.18 21.23 0.56
24 3.46 -1.16 0.93
9 2.74 =P 37 8.72
36 2,32 . 3.48 0.38
v 3,39 -1.3¢ 9.96
38 3.99 214 21 0.99
39 1.64 S.89 8.73
49 1.9 2,63 2.98
41 1.96 =171 8.85
42 3.37 11.98 8.33
43 6.21 =377 0.98
44 4.42 4,32 9.938
45 1.99 ~11.58 1.99
46 3.29 .26 8.96
v 2.23 -9.37 8.98
43 2.16 0.26 0.91
3 1.73 -18.58 9.51

4
Press <RETURN> when ready to continue
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SPECIWMEN PEFEREHCE.....
T 7X2

ELLIPSE NUMBER ﬁ?-f_llﬁL FATIO LONG AXIS ORIENT. CORREL.COEFF.
i 292 T8, 0.97
2 - 83.57 - 9.99
2 S.24 -383.68 8.93
4 2.94 -87.53 0.96
5 3.52 -84.78 8.96
6 3.33 87.87 8.80
7 1,51 -386.35 2.94
g 3.45 66.85 0.87
9 1.8¢€ 84.27 8,91
10 J.21 89.97 0.96
i1 2.96 78,31 0.98
12 1.56 81,93 0.85
13 3-66 '2.11 0.89
14 2.27 88.33 0,97
15 4.01 79.95 8.97
16 4.67 61.30 0.95
17 1.33 -81.52 .39
18 3.26 80.75 0.78
19 1.78 -86.99 e.81
20 1.99 88.93 8.94
21 3.66 -88.54 1.00
22 2,12 -89.38 .96
23 4.39 -83.92 8.93
24 1.79 66.64 e.97
25 3.26 80.74 9.99
26 1.82 86.79 8.91
a7 3.29 76.74 1.
28 3.37 99.31 0.92
29 2.00 39,39 8.98
30 1.6% 9,48 0.85
31 J.9¥ 4,391 0.99
32 4.38 -58.33 9.93
33 1.85 c9.4T7 0.92
34 1.7} =3¢.23 8.99
35 1.49 c0.89 9,91
36 2.99 29.53 9.96
7 282 r9.18 8.94
38 1,59 -72.59 8.91
39 1.34 82,26 8.79
40 2.20 .74 0.98
41 2422 -87.48 8.83
42 2.94 89.45 8.97
43 2.74 80.19 8.99
44 1,53 -76.13 8.87
43 1.38 61.49 e.89
46 2.46 85.35 8.95
47 2.76 71.56 0.99

Press <RETURN> when ready to continue
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SPECIMEN REFEREHCE..
T 7v2

RATIO LONG =<1S ORIENT. CORREL.COEFF.

ELLIPSE HUMBER M TAL
1 2.36 -51.36 9.99
d 4.42 41,32 - 9.79
3 2.53 -51.99 0.7
4 1.76 -38.94 9.87
5 {.51 -3,34 9.94
6 2.45 -45,29 0.99
T 1.34 -35.91 8.83
§ 3.28 -62,41 0.95
9 1.62 -53.86 8.93
19 {.8¢ 93.22 8.91
11 1.89 -37.11 8.95
12 2.19 -36.36 8.98
13 1.37 54,71 0.74
14 2.41 -28.867 0.96
15 2.52 '33.?9 0092
16 3.71 -57.83 0.91
 ird 3.83 -56,.50 8.98
19 2.43 -39021 0098
19 3.15 -80.92 8.93
20 1544 -39‘31 9093
21 4.06 -89.83 .98
22 2,68 -37.11 8.98
23 3‘83 -53051 909?
24 1.33 -30.58 8.78
25 5-14 -67.39 9-95
26 3-43 '6‘110 0.99
v 2.29 -36.21 0.99
28 1.33 82.38 .60
23 2.06 -439.4° u, 9=
39 1.69 -60. 4~ 3, 81
31 1.64 2 T f.E2
32 2,28 14.:9 8,91
33 Zita €212 9.7
34 2.4¢ -76.30 0.88
35 1.23 79,09 8.45
36 1,62 -10.383 8.985
7 4,24 -45.389 - 0.93
38 1.61 -63.63 9.74
39 4,324 -63,29 1.080
49 2,94 7.7 0.99
41 2.99 -564.77 8.82
42 1492 -§1.20 0.86
43 1.82 -84.49 9.81
44 1.73 -32.11 8.95
45 1.57 -51.77 8.92
46 1.39 65.56 0.48
. Press <(RETURN> when ready to continue
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T ?7RY

49 DATA POINTS
FLUCTUATION = 73

LOGMEAN Rf = 2.397
ORIGINAL Z2ERO = 0.930

TRY AN Rs ESTIMATE.....
Rs Ri = 2.27,1.60

SYMHETRY. ...,
1§ 9

8 15
Hard copy now
Press {RETURN> when ready

HANT TO TRY AMOTHER? N

T X2

47 DATA POINTS
FLUCTUATION = 48

LOGNERN Rf = 2.999
ORIGINAL ZERO = -84.512

TRY AN Rs ESTIMATE.....
Rs Ri = 2-33)1068

SYHHETRY‘ ss e
12 12
11 11

Hard copy now
Press {RETURN> when ready




T 7YZ

46 DATA POINTS
FLUCTURTION = 141}
LOGMEAN Rf = 2,227
URIGINAL ZERO = 60.458

TRY AN Rs ESTIMATE.....
Rs Ri = 1,63+1.80

SYMMETRY. s s
12 19
11 12

Hard copy now
Press {RETURN> when ready
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ELLIPSE NUMBER AXIAL RATIO
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29 XY
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ready to continue

101

LONG AXIS ORIENT.
86.99

77.33
84,85
88.92
87.97
~86.92
80.27

-84,42
42.10
34.81

-70.11
81.99

-87.51
85,83
85.13

‘4?.94

-88.98
88.17
80.37
88.98
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88.1%

CORREL.COEFF.
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SPECINEN REFERENCE.....
T 29Y2

ELLIPSE NUMBER AXIAL RATIO

1 2.29
2 1.18
3 1.52
4 1.25
) 2.03
6 6.02
7 1.83
8 4.80
S 4.00
16 2.54
11 2.98
12 2.76
13 3.74
14 .27
15 2.63
16 3.58
17 1.38
18 4,05
19 1.61
rd:] 1.93
21 1.86
22 2.06
23 7.33
24 2.90
25 1.82
26 3.60
27 1.30
28 2.%52
23 3.29
38 2.82
31 2.32
32 2.25
33 2.74
34 4.26
35 4,44
36 4.19
37 2.83
38 2.71
39 3.65
49 2.23
41 1.78
42 3.63
43 2.41
44 2.27
45 1.29
46 2,87
47 1.99
48 1.71
49 i.71
58 2.28
51 2.53
52 2.45
33 3.33
54 2.48
55 3.28
56 2.31
57 2.44
58 2.41
59 2.38
60 1.28
61 2.93
62 1.88

LONG RMISSORIEHT.

Press {RETURN> when ready to continue
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SPECIMEN REFERENCE.....

T 29X2Z

ELLIPSE HUMBER

GO e @0 CO ~d Ty N 8 () 00—

Pt s s Pt

14

Press <{RETURN> when ready
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[ Ve & F A e e el (N e e A Ll e N T s o e e

1.29

to continue
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LONG AXIS ORIENT,

64.89
-200 12
0.46

-22.11

CORREL.COEFF,
$ 56

.93

.82

" & % ®» & &« 3 5§ ® & v & & ¢ B ¥ S & P VW W G BN 8 O - w " e
U~ NOCOVNODOOVONAENEODOVENVUVYALVDUNNOVDUAUUNANWVNID~IWWOWWNOWO~N
N&E~INVNAWNSINDEN DN DN YN N=ONNARARNN D H 00U D U S O U CYVAD 00 ()

OO CONOCOOTOODOIOODRODIORRNDOO®



T 28 %Y

42 DATR POINTS
FLUCTURTION = 183
LOGMEAN R¥ = 2.233
ORIGINAL 2ERDO = -88.924

TRY AN Rs ESTIMATE.....
Rs Ri = 2.18,1.40

SYMMETRY.....
i1 18
18 18

Hard copy now
Press {RETURN> when ready

-9
?
ORIG ZERO
T 29v2 13
_gﬁﬂ%p?ﬁ POINTS 132
‘TUATION = 156 12
LOGMNERN R¥ = 2.557 11
ORIGINRL ZERO = -9.0884 10
-9
-8
TRY AM Rs ESTIMATE..... +
Rs Ri = 2.39,1.40 -7
#+6
-5
++:4:
SYMMETRY oo s« . v{
15 15 +
B4 4
16 15 vAL
Hard copy now + WNEA L
Press {RETURN> when ready + 4 (MY .
4
i ¥
b, %
+|* e
e +
“
_554—+—+—+4—+—+—+-—4—4—+—+—F4—+:§5F
r /
ORIG! 2ERO



T 29X2 -11
45 DATA POINTS

FLUCTURTION = 172 -18
LOGMEAN R§ = 1.613 L9
ORIGINAL ZERO = 6.573 e

L7
TRY gN RS ESTINQTE--.-- -6
Rs Ri = 1.23,1.45 +

-5

-4
SYMMETRY ..o .. .
12 19 -8
18 12

Hard copy now
Press {RETURN> when ready
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SPECIMEN REFERENCE....
T 3eXy

ELLIPSE HUMBEK AYIaL RATIO LONG A<IS GRIENT. CORREL.COEFF.
1 1.326 24.¢€9 8.46
2 1.47 ~fl.13 * 0.33
3 2.92 -£38. 96 2.83
4 2urd ~49.89 0.88
5 3.54 -45.56 8.86
6 1.92 -68.493 3.91
T 4-45 -8918‘ 909’
8 2.69 i 1.00
9 1.74 -57.56 8.94

10 338 -71.62 0.92
11 1.74 =~6l.°7 8.63
12 1.28 -2r.82 0.42
13 3.31 -56.64 8.94
14 101? '?lnal 0-25
15 2.96 -54.83 0.89
16 1.21 -64,39 0.37
17 2.46 83.081 8.90
18 1. ?9 '58. 9. .o ,5
19 2.26 -72.73 0.97
20 2.15 ~56.26 .74
21 1.72 -80.99 0.93
22 1.99 -71.63 9.93
23 1.80 89.99 0.82
24 1.19 42.99 0.49
25 2- 29 “a. ‘. = .cn
26 2.45 ~79.47 9.97
a7 2.46 63.33 0.96

28 3. 64 -750 ‘? ..”

29 3.49 -€3.35 8.88

3¢ 2.24 -59.92 8.65

a1 2.6l -€1.62 9.98
2 237 -79.29 3.76

33 2.14 ~73.24 8.67
34 .24 -61.26 8,91
39 20 -5e.93 9.96
3€ 3.97 -39.69 8.94
37 1.87 ’7T.5l 2.91
28 1,99 -89.52 9,95
3s .67 -39.38 8.95
49 2.47 -64.89 9.987
41 1.65 -50.41 8.74
4z 1.69 -74.53 0.82
43 1.74 -58.74 3.87
44 1.94 -12.59 9.83
435 2.44 -79.5¢ 8.96
46 1,895 32.62 0.81
47 4.19 -59.37 0.92 -
43 2.18 -51.29 0.989
49 {.73 -77.51 2.98
Y 2.71 -62.7 8.96
51 2-93 '39-64 6-91
52 2,98 -57.52 8. 38
2 T.28 - -58.24 8.83

Pr;ss {RETURN> when ready to continue
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SPEV !N RETERE W E,
T 30vZ

ELLIPSE HUMEER wEIAL FATIO

1 7.74

2 .28

3 2.83

4 J.83
S 2. 12

6 1439

7 2,195
8 1.67

3 2,98
19 1,44
1) 1. 73
12 2.47
13 S.99
14 3.01
15 1.48
1¢ 1.13
17 1.62
18 2.35
19 1.62
20 2.71
21 1.35
22 2.8}
23 1.88
24 1.27
25 1.64
26 1.29
v 2.11
28 1.65
23 3.39
39 2.24
31 2.61
32 2.37
33 2.14
34 3.64
S 2.17
36 3.97
7 i.87
38 1,98
33 J3.67
49 2.47
41 1.65
42 1.89
43 1.74
44 1.94
45 2.44
46 1.85
? 4.15
48 2.16
49 1.73
959 2.71
51 2.93
S2 2.98
53 17.28

LONG A<1S ORIENT. CORREL.CNEFF.
9.78 .98
g.87 8.63

=19.9¢ 9,69
~17.37 2.89
~13.34 8.78
-16.88 .77
13.29 8.87
-18.67 0.94
82.95 8.92
-12.18 8.37
%09 8.73
-62.38 .99
-5.008 8,97
5.56 0.93
8r.22 0.73
-61.97 0.33
18.97 0.73
-24.27 8.80
40.35 8.76
86.39 0.93
30.65 .70
16.99 8.93
998.17 9.92
~60.47 0.64
-22.78 -0.67
62.72 9.93
S52.74 0.80
6.96 9.9?
-63.3% 8.38
~59.¢2 8.65
-61.62 0.98
=-73,29 9.7
-73.24 .67
-61.26 8.91
-8€.93 8.6
-§9.69 9.94
?77.81 8.91
-89.53 8.95
-39.88 8.93
-54,89 8.97
-60.41 8.74
-74,53 8.82
-58.74 8.87
-12.59 8.83
-79.38 8.36
82.62 8.81
-350.97 8.92
-61.28 8.99
-772.51 8.90
-62.793 8.96
-38.64 9.91
-37.%2 0.88
-38.24 9.83

Prezs {RETURN> when ready to continue
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SPECIMEN REFEPENCE.....
T 38X2

ELLIPSE HUMBER A¥YIAL FATIO LONG »415 ORIENT. CORREL.COEFF.
1 3.97 -55.70 8.89
2 1.78 -8,21° 0.71
3 1.48 -49.87 0.86
4 1.92 60.69 0.85
S 3. 11 -11.54 8.78
6 1.7 -6.87 8.93
v 1.62 35.90 0,83
8 1.72 58.88 8.93
9 1.26 43,33 8.72

18 2.84 45,99 8.87
11 1095 34.33 9.91
12 1.8¢6 22.83 08.94
13 1.38 20,14 8.62
14 2.61 43,353 8,97
15 1-80 -34cl? °c86
16 1.49 -72.67 8.84
17 1.92 9.84 0.94
i8 1.23 14,34 8.73
18 1.98 11.46 8.93
20 1.62 -87.30 9.69
21 2.34 6.39 .88
22 3.18 -70.91 .99
23 4.18 ~-39.68 9.99
24 1.93 -38.33 8.98
25 1.18 71.02 -9.49
26 1.44 ~74.67 8.69
27 1.74 -13.04 8.94
28 1.46 4,40 9.69
29 1.47 =53+, 89 ¥.7%9
36 2.25 €5.29 8.37
31 1.3¢6 45,93 8.67
32 1.26 =1s o6 0.54
33 2+39 -24.94 0,90
34 1.89 47.24 9.39
35 1.4¢ -33.19 8.93
36 1,35 -53.47 8.73
3? 2a1l -37. 18 9.93
38 1.320 “23.52 8.83
33 1,89 €3, 48 9.87
40 8.57 -35.8% 8.92
41 1.81° 26.33 8.76
42 3.07 -25.21 9.38
42 1.92 -39.44 9.98
44 1.53 -10.69 9,93
45 2.2¢ 28,89 8.84
46 1.93 -9.38 0.9
47 3:91 33,23 8.99
48 1.33 -30.61 8.82
49 1.56 72.91 8.33%
S50 1.37 64,51 8.738
S1 1.49 -22.38 0.87
S2 2.03 -78.388 .97
53 1.39 41.65 8.39

Press (RETURN> wvhen ready to continue
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T 39xy

S3 DATA FOINTS
PEBUTUATION = 133
LOGHEMN Ré = 2.354
ORIGINAL ZERO =  68.964

TRY AN Ps ESTIMARTE.....
ks Ri = 1,95,1.4S

TCTTUUY T YTT Y TANLLIETIIn N
00 1D+ vt v apenga-s-o- N ONTITUARALA )
[T QUISEL & o f 10 T 0 L TNV, Jdy Y

SYNMETRY. . eu» -5

i
2 14 R
14 12 gk
Hard copy now ++ ", *
Press <RETURN> whemn ready % PR

* 4
4
44: +
+ :
+ 4* *
B i e o e e T
’

T 30v2
33 DATA POINTS -11
FLUCTUATION = 177 -10
LOGMEAN Rf = 1.964 g
ORIGINAL 2ERO = 6.002 .

-7
TRY AN Rs ESTIMATE..... b6
Rs Ri = 1.3,1.45

o

+

-4

N 4
SYMHETRY.uss.
18 9
9 18

Hard copy now
Press <RETURN> when ready




T 38%Z

53 DATA POINTS
EERBOTUATION = 1éw
LOGHEAH Rf = 1.860
ORIGIMNAL ZERO = 5.57%

TRY AN Re ESTIMRTE.....
Re Ri = 1,20.1.45

SYMHETRY.. ...
16 10
10 16

Hard copy now
Press {RETURN> when ready
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SPECIMEN REFEPENIE.....
T32XY

ELLIPSE NUMBER AXIAL RATIO

1 2,54

2 1.45

3 2.76

4 1.44

5 1.50

6 1.23

? 1.85

8 1.57

9 1.67
18 1.88
11 1.77
12 3.50
13 1.06
14 1.1
15 1.67
16 1.35
17 1.92
18 1.71
19 1.14
20 " 1,37
21 1.98
22 2.27
23 1.91
24 2.31
25 3.18
26 1.47
27 1,34
28 3.27
29 1.69
30 2.58
31 1.29
32 1.71
33 3.24
34 1.85
35 2.16
36 2.19
? 3.42
33 3.16
33 2.96
49 1.92
41 €.76
42 1.48
43 1.89
44 3.68
45 2.89
46 1.95
47 2.43
48 1.49
49 1.97
50 3.72
51 2.49
52 2.06
53 2.81
54 2.56
55 1.68

LONG w=1: ORIENT,

Press {RETURN> vhen ready to continue
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-34.09
-47.8!
59.46
-46.74
46,02
7r.02
-€6.98
18.42
-45.92
-31.89

CORREL . COEFF

® o s e+

.
VANV OVOWONE IO Ne= O ~JNW=JI~) ~}

VUL O
O~ A DD AD®EINBO®ON0) & GIN ~d 0 4a G (Al (A

.79

OO0 PROPPPRPODPOODOICOCTRPOOC OO

o,
[N

3.98

DO D
w e &
oWy o
Loin? K a3+

e.73

®
NEIRIE)

=440

o

®
@
(2]

PO®
o e e

O~
~Jout

[ X -1 ]
e o o
VYWY
AND

0.39



SPEC|MEN REFERENCE.

TI2YZ

ELLIPSE HUMBER

WIS = @O0 N U & GV =

— et et s

14

RX]QE RATIO

<40

® ® 8 ® % ® % 8 53 5 B W B @ O 6 & B ¥ & % & e

WONDOWEONSHWYDD UG 000 LM G ~J 00 M) 00 = 00 Gd O© da () ) == (0 »= G o= G ~J LR 00 == D 00 (L & A LA O (D U U GO O (i 00 (Wl ~3 D

P 0= (A 0= 0 0=t gma =t ) 0 0 B ) 0= 0 0= P\ [R) 5= 5 A 0t [\ 82 30 5t 0t 1t A 0t B e e (N st B B B2 0 0 (ND AD 0 e \D G \D 0= G =0 Be e mm [N\) N) TAD o o (o e
OWVWAENWNOOWILDWONENNOWEUN~JYIVINIVATIE = ~JUW N = N O LIUICO I OO AN = O AU~ == 8 (O U0 & 5

® 8 8 - & @ 8 ®» & &8 B & & & & 8 W

LONG AXIS ORIENT, CORRS%.COEFF.

112

6.63
52.60
-73.47
59.44
69.64
7S.80
-86.38
64.19
67.46
"?! . 64
S1.27
49.03
39.55
39,44
86.36
58.68
70.83
87.31
34,72
-67.13
-81.93
86.17
96.9?
27.33
66.81
63.60
47.12
55.51
67.13
74.14
3.89
77.97
“3.97
44,60
58.89
52.63
76.08
58.16
88.66
69.69
50.47
-6.%9

(L T Y T X0 -X -0 XX XN R RNy L L L L L T I I ¥ 1 ]

8.72
9.72
8.%3

.97

.........
SARIRE29TLTELEIIN_B 242

® o s 8 o s o
NAVOWYNOWOD IO~
oo ot 0 AN D WA N LI O

oo
-~
L0



64 2.85 -86.74 0.98
63 1.78 26.95 8.88

66 1452 -89.80 9.73
Press ‘RETURH> when ready to continue

” 113



SPECIMEN REFERENCE

T32XZ
ELLIPSE NUMBER  »XIAL RATIO LONG aX1S CRIENT, CORREL.COEFF.
{ 1,75 -20.13 9.59
2 1.43 -32.51 8.97
3 1.59 -54,67 8. 30
4 1.16 68.69 8.43
9 2.50 -71.49 8.32
6 1.62 -77.15 e.”
? 2.70 63.03 9.93
8 1.16 -35.70 8.%0
3 2.53 -63.84 8.96
19 1.36 -48.23 9.82
11 1.23 -25.17 8.69
12 1.92 -25.42 9.84
13 2.86 ~67.93 9.88
14 1.66 -89.77 9.93
15 1-?9 -33|2? 'u 35
16 1.69 -34.28 0.67
17 1.15 20.82 0.33
18 2'06 -38.70 0.01
19 1.52 47.99 0.77
28 2.18 -61.57 008
21 1196 ‘52-15 .n
22 2.11 1.80 0.9
23 1.88 -45.33 0.81
24 3.45 72.29 0. 91
25 1.90 -49.23 0.76
26 2-59 "“o‘l .o“
reg 1.31 -358.30 0.93
28 1.48 .80 0.73
23 .22 -6).47 0.44
39 2.06 §2.19 9.70
7y 2.54 =58, 77 0.96
32 2.00 81.14 0.99
33 1.34 -26.20 0.69
34 1.19 -10.84 8.3¢
35 1.41 ~g2.12 0.8!
36 1.63 -59.85 8.67
7 1.7% =11.92 8.94
38 1.85 -62.88 8.89
39 1.63 -41.91 9.89
49 3.35 6.84 8.98
41 3.40 -65.76 8.635
42 1.43 -38.02 8.62
43 2.35 -72.74 8.79
44 2.38 -49,99% 8.73
45 1.22 -61.13 .41
46 1.51 -81.88 8.73
7 1.79 -62.77 8.88
48 3.09 -49,11 8.93
49 1.32 -31.12 8.48
58 1.67 -4,94 8.78
51 1.50 83.67 8.73
92 1.69 36.12 e.72
53 1.46 -38.63 8.96
54 1093 -‘3055 .o "
55 1.99 -33.46 8.86
36 2.87 80.31 8.91
37 1.63 -73.67 0.683
38 1.78 -235.13 0.94
359 1.56 -42.13 0.72
61 l.se ‘5‘.,‘ .c
‘2 1-75 -.20‘. .'
63 1.44 9.1 0.57

114



64

Fress

SETHRN

vl e,

2.41
2+:39

B NIV A

Ientynue
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T32XY

55 DATA POINTS
FLUCTUATION = 163
LOGHEAN Rf = 2.932
ORIGINAL 2ERO = 27,

TRY AN Rs ESTIMRTE.....
Rs Ri = 1.6641.45

SYMMETRY... ..
12 13
15 12

Hard copy now
 Press <RETURN> when ready

T32YZ

66 DATA POINTS
FLUCTURTION = 15%
LOGMEAN Rf = 1.8353
ORIGINAL ZERD = -59.437

TRY AN Rs ESTIMATE.....
Rs Ri = 1.5841.45

SYMMETRY.....
18 14
14 18

Hard copy now
Press {RETURN> when ready

*
ORIG ZERO

116




T32XZ
65 DATR PDINTS

FLUCTUATINH = 168
LOGMEAN R¥ = 1.809
ORIGINAL ZERO = 53.4¢€t

TRY AN Rs ESTIMATE.....
Re Ri = 1.45,1.45

SYMMETRY.ssee
17 14
15 18

Hard copy now
Press (RETURN> when ready
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SPELTHEN FERESENCE, . ..,
TSL33XY

ELLIPSE HUMBEF u¥lal RATIUO LOHG w<IS ORIENT. CORREL.COEFF.
i oS 59.33 .49
2 lodE r3.€8 - 0,42
3 1.8% T6.68 8.78
4 197 47.099 0.83
S 2.14 48.97 8.95
6 1.59 -55.14 8.69
I 1:37 -3.08 9.865
8 2.90 -16.88 0,92
9 2509 €1.58 8.90

16 1.79 -79.89 8.94
11 2.47 -38.23 0.95
12 1.43 -65.64 8.93
13 1.26 =-23.92 8.85
14 1.21 -33.30 8.52
15 2-52 -34.80 8.98
16 1.21 -38.38 8.79
iv 1.08 -48.42 8.17
la 8166 “?.64 0098
18 2.36 -54,27 .85
20 1.67 -68.32 8.68
21 1.54 '12.51 ‘-90
22 1.57 -33.12 0.83
23 1.61 23.99 .97
24 1.27 78.19 9.71
25 ch’ ‘l‘.?‘ .086
26 1.28 -38.43 8.63
ar 1.11 16.87 9.20
28 1.22 79,03 9.38
29 1.29 78,2¢€ 0.56
30 1,77 5.99 .35
31 1.26 24.53 0.3%
32 1.50 2. 27 0.83
13 1.23 -26,90 0.47
34 1.85 ~49, 78 e.18
S 1 d 69.52 0.73
36 1.32 -86.25 0.89
7 1.81 ~S.91 - 9.93
38 1.47 24,70 8.82
39 Z.u) ~75.64 9.79
40 2.29 23.082 0.93
41 1.5 6.33 9.89

Press {RETURN> when ready to continue
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SPECIMEN FEFEFEMLE.....
TSL3I3Y2

ELLIPSE HUMBER welAL RATIO LONG WIS ORIENT. CORREL.COEFF.
1 2.46 14,42 8.76
2 1.19 -2.59 - 8.36
3 1.92 -38.867 0.94
4 1.23 2.32 8.60
S 2.99 21.74 0.97
6 1.79 r.03 0.70
? 1.51 “‘03! 9195
8 1.,3¢7 -11.93 8.87
9 2.97¢ -26.37 8.82
19 1.95 1.61 8.21
11 2,30 6.54 0.98
12 1.78 -14,85 0.69
13 1.30 -3.88 0.67
14 1.24 33.21 0.67
15 2.08 ~13.85 0.91
16 1.35 .90 9.64
17 1.38 53.98 0.57
18 1.39 -8,.85 8.82
19 1.13 22,71 8.39
20 2.11 -12.10 8.86
21 2.46 -26.89% .94
22 1.62 -38.28 8.70
23 1.21 =33.12 8.36
24 1.50 43.14 8.93
23 1.51 16.56 8.67
26 2.78 -23.46 8.94
2? 1-25 -4'vl5 o-"
28 1.43 1.94 8.6}
23 1. 21 72.4¢ 8.952
39 1.49 32.22 8.48
31 4,18 -17.43 0.85
32 8.82 57.62 8.94
33 1.0€ 7.48 2.13
34 152 -48,13 0.61
39 .24 v.13 0.94
36 1.42 28. 14 8.95
? 4.46 Tat2 . 8.57
28 1.42 27.21 9.88
39 1.74 -32.1% 0.9¢6
40 3.95 9.¢9 0.78
41 1.43 1.82 9.63
42 2,14 46.64 0.89

P";SS'-{RETURN} when ready to continue
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SPECIMEN REFEFEHCE.....
TSL33X2

ELLIPSE HWUMBER RAIAL RATIO LOMG AXIS ORIENT., CORREL.COEFF.
1 3.17 -68,69 0.99
2 1.2% -33.47 9,72
3 2.03 33.85 0.84
4 2.30 -4.95 0.57
S 2,21 67.11 0.76
6 1.5¢ -24.85 8. 96
s 1.65 -86.70 0.82
g 1.41 36.20 0.64
9 1.54 31.39 8.385

10 5. 92 38.51 8.97
11 1.74 41.27 0.82
12 S.64 74,69 8.98 °
13 2.486 396,61 0.87
14 1.33 ’1,880 8.78
15 1.59 62.28 9.89

16 2.00 48.88 8.76
1¢ 1.78 75.48 8.91
18 2.07 r2.26 8.89
19 1.94 85.31 8,85
20 1.78 74.62 8.995
21 3.38 54.47 8,935

22 1.73 535.34 9.83

23 1.79 -r1.80 0.89

24 4,32 89.°77 8.86
S 1.33 81.60 © 0.36

26 1.50 63.08 0.74

27 1.74 38.77 8.68

28 1.59 -53-21 °-9°

29 1.64 48.8! 0.58
39 1.86 69.84 9.99
2.22 g21.ue 3.94

31
Press ‘RETURNY when ready to continue
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T 33XY

41 DATH PUOINTS
EEROTUATIOH = 1c4
LOGHEHN R = 1,63
OFRIGINAL ZEPO = 54,

TRY AN Rs E
1

TIMATE.....
Rs Fi = 1,85.1,38

W

SYMMETRY .o us
8 11

12, 9

Hard copy now
Press <(RETURN> when ready

T 33vL

42 DwiTw POINTE
PEROTUATIUN = 14€
LOGHEAN R¢ = )
ORIGINAL ZEPO =

T39
~1.942

TRY @H Rs ESTINATE.....
Rs Ri = 1.42,1.20

SYMMETRY. . ...
2. 9

9 11
Hard copy now
Press <RETURN> when ready

+
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+
+
1
04
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T 33XZ

21 [uTr POINTS
FLUCTURTION = 1£1
LOGHEAN R¢ = 2

826
ORIGINAL ZEFO = -74.

€97

TRY AN Re ESTIMATE.....
Rs Ri = 1.75.1.460

SYMMETRY ...
7 8
9 -~

14
Hard copy now
Press {RETURN> when ready

r19

t
ORIG ZERO
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SPECIMEN REFERENLE.....
T 24XY

ELLIPSE NUMEEF HYIAL RATIO LONG QHIS)OPXENY. CORREL . COEFF .
{ 622 7r.02 1.99
2 204? g1.81 - 9-9‘
3 1.78 r3.30 8.9%%
4 1,43 78.93 2.79
9 2.12 81.36 0.3
6 3.04 80.78 9.98
7 2,58 4,19 0.97
8 l.79 -49.44 0.83
9 2,29 48.26 9.93

10 1,85 -67.70@ 0.9
11 1.33 -86.33 .91
12 4.2 61.29 .8
13 2.50 73.68 0.9%¢
14 1.36 41.29 9.350
15 1.25 -73.74 9.66
16 1.7 -78.81 . .73
1? 3.29 82.33 .83
18 1.1% 28.02 9.37
19 2.49 60.33 0.9
20 1.87 48.10 9.84
21 2.75 -34.43 0.9%
22 3.33 64.08 0.09
23 1.67 23.61 0.82
24 1.86 9.11 8.92
29 4.35 S8.70 0.%
26 1.17 3.40 o.
27 2.40 93.32 0.9
28 2.53 '22- .n“
23 t.5n oy L
30 1.1 L.77 3.3
31 1.99 R 0 9. "%
32 1522 13,82 .70
33 1.28 o0 9.89
34 .22 =rle«l® 9.72
35 1.88 71.96 9.9%
36 1.88 23,98 0.9¢6
7 2.54 -59.89 0.97
38 2.01 71,14 .84
39 3.66 63,73 0.99
40 1.08 23.33 8.43
41 1.81 30.26 2.93
42 1.67 -32.31 0.85
43 1.56 -28.29 8.73
4‘ 1-22 5.-5« 0.38
45 1.54 10.61 0.93
46 1.32 -88.68 9.84
4? 1-04 -51063 0.2‘
48 1.11 -61.08 8.23
49 1.31 30.46 9.04
30 1.5¢8 74,47 .06
51 2.03 61.62 . e J
32 1.3° 66.45 0.74

Press <RETURN> when ready to continue
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SPECIMEN REFEPEWIE.....
T 34X2

ELll.IF‘SE NUMBER ﬁ:-i!ﬂ%)RﬁTlO LONG A¥IS ORIENT. CORREL.COEFF.
2:22 17.17 98
2 3,75 12,98 - 9.90
3 2,95 3493 8.8
4 2.18 -34.98 9.92
o 2.64 53.19 9.99
6 1.39 73.33 8.69
7 €.02 -5.51 8.98
i 1.83 51.50 8.93
9 2,28 11.22 8.79
190 1.43 -14,91 8.69
11 1.68 9,19 0.93
12 3.36 4.93% 0.9%
13 2.48 .73 8.90
14 2,082 -8,87 8.88
15 2.41 28.79 8.92
16 1.74 8.20 . 0.82
17 2.33 1.21 8.97
18 1.77 =2.72 9.90
19 3.082 ~-9.27 1.00
20 1.26 S5.67 9.37
21 2-35 -lS.Sl °o”
22 3-56 ".ol: 'n”
23 30?3 -1032 .o”
24 2.73 ~-3,2% e.73
25 lnaa -.2.21 '.”
26 1.59 -4.33 .03
27 2.40 12.03 0.9
28 1.99 42,33 .91
29 R & Y. 97 8.99
19 1.8¢ 3.9 9.96
31 1,83 357 .94
3z L 10,04 8.93
33 Sude 1%, 94 8,99
34 4.56 .11 8.92
35 2493 2.56 0.94
36 2.75 3.89 8.99
37 1.18 S I 90.63
38 3.11 -19.26 0.87
39 J.46 16.93 0.97
49 2.82 10,11 0.86
41 2,04 5.26 8.93
4z 2.41 232,83 8.98
432 2.98 -13.31 9.3
44 2.ty -27,.88 0.85
45 2.56 4,356 8.98
46 3.28 .07 8.89
47 1.39 4.83 8.88
48 2439 -4.83 0.94
49 2.108 19.8@ 8.93
30 1.16 11.66 0.62
51 3.61 19.43 8.98
52 2.02 -1.74 .89
3 1.39 -99.23 0.85
54 2.21 3.98 8.96
35 1.22 -37.33 8.72
S6 1.26 -3.61 0.85
9 2.68 10.13 .93

-
Pr;ss {RETURN> when ready to continue
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SPECIMEN FEFEFENLE.....
T 34v2Z

ELLIPSE HUMBER #AIAL RATIO LONG AXIS ORIENT. CORREL.COEFF

| 2418 €8.05 8.°7
2 1.24 82,28 7 atl
3 .17 6.99 9.89
4 2,94 71.84 0.95
5 1.64 72,84 0.76
6 lu48 -8"05‘ 0.09
2 1.21 80.72 8.36
8 3.37 ~62.57 .99
9 2,33 -76.7 0.89
10 1.34 29.98 0.92
11 1.81 46.98 0.3
12 4,13 68.26 1.00
13 2.85 -87.41 .98
14 2,29 89.28 0.88
15 2.97 46.91 9.88
16 2499 70.63 - .93
17 2.05 73.53 .99
18 1.74 8.90 .89
19 1.44 38.98 0.67
20 2.06 67.28 .92
21 2.37 -48.38 0.99
22 1.51 78.92 0.97
23 1.8% -36.73 0.9%
24 1.89 37.96 9.75
23 2.33 69.54 9.80
26 3.35 66.3508 9.9
27 2.37 63.64 9.9
28 1.38 S2.79 0.68
23 229 7,80 {.an
30 2:82 79,94 i Ne
31 1.19 g L | 0.::
2 2,45 -71.42 S
33 1:26 29.93 e.9¢
34 1.79 29,92 9.9
5 | 58.03 8.91
36 1.€0 -42.82 Q.32
7 3.2 -7S.06 - 9.3
38 2.95 42.00 9.98
39 2.78 84,51 8.9}
49 2.495 r3.64 2.99%
41 2,09 89.69 8. 9%
42 3.84 67,93 0.9
43 2.81 $9.49 9.9°
44 2.05 -88.67 9.97
45 1.89 75.36 1.80
46 2,96 67.93 0.9
47 1.63 79,32 0.8”
48 1.45 29.97 Q.97
49 3.19 80.49 .84
9

5 1.55 53.72 9.7y
Presz ZRETURN> when ready to continue :
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T 34xy

52 ATy FOIMIE
FLUCTURTION = 194
LOGHEAN P¢ = 1,885
ORIGINWL ZEFC = -72,939

TRY AN Rs ESTIMATE.....
Rs Ri = 1.35.1.¢€8

SYMMETRY.....
15 9

11 16
Hard copy now
Press <{RETURN)> when ready

T 3442
7 bATa POINTS
BEBOTUATIOH = 196
LOGHEAN Rf = 2¢339
ORIGINAL ZERO = ~-3.528

TRY AN Rs ESTIMATE.....
Rs Ri = 2.198,1.58

SYMMETRY. ..\,
15 13
13 19

Hard copy now
Press <RETURN)> when ready
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T 34Y2
50 DAaTa POINRTE
FLUCTURTICH = 138
LOGHMEAN R¢ = 2,195

ORIGINAL ZEFO = -To0.£24

TRY AN Rs ESTIMATE.....
Rs Ri = 1.85,1.55

SYMMETRY. .00,
14 10
i1 14

Hard copy now
Press <RETURNH> when ready

t
ORIG ZERO
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SPECIMEN REFEREMCE.....

T45:Y
ELLIPSE NUMBER AXIAL RATIO LONG w4135 ORIENT. CORREL.COEFF,
1 4,58 r3.92 8.89
2 2.01 e | 3,83
3 1.11 -49.22 0.43
4 ‘1475 -28.14 8.38
S 1.71 h. 38 8.81
6 1.42 31.98 8.78
? 2-14 '50183 aaeﬂ
8 2,43 63.49 e.ve
S 1.80 -99.81 8.87
19 x w2 2.30 80.56 9.39
11 o 1,25 “71:25 0.39
12 ' ; l.§4 -43.79 9.56
13 2.64 38. 21 9.9?7
14 1.87 66.42 8.72
15 1.4 -62.61 9.80
‘6 * -, -2.05 "‘o le 0.92
17 1.27 46.34 8.32
18 "-‘? "‘-'5 00?2
19 1.83 84.13 9.97
20 3.08 85,86 9.93
21 1.48 9,79 0.84
22 1093 -42. 13 ‘a ‘5
23 1.70 68.93 9.93
24 1.92 93.92 9.93
25 1.87 -76.92 9.90
26 1.7} el.18 e.68
27 2.3% -74.49 0.00
28 1.37 -94.33 9.36
29 132 -46.57 o 58
30 1:91 -42.05 o 83
31 2.96 72.03 0 86
32 2.11 86.35 0 86
33 1,31 76.37 0.67
34 1.44 ~24.18 0 59
35 1.83 -58.75 0.76
36 1.29 77.53 J.44
37 2.45 Je.el 9.99
38 . 1.34 46,93 9.49
39 1.28 g1,83 9.41
408 1.63. -51:73 9.99
41 1.16 4.41 8.22
42 2.23 87.24 9.66
43 3.51 -73.52 9.38
44 1.31 28,40 9.65
45 2.87 -38.87 9.39
46 1.31 -11.29 0.49%
47 1.67 55.34 9.83
48 1.5°? 58.79 9.72
49 1.23 31.58 8.67
Je 1.75 r1.63 9.89
51 1.44 81,48 0.31
32 1.67 -33.81 0.93
53 “2,959 -12.09 0.98
54 1.58 68.64 e.73
S5 1.48 -33.680 0.96
36 3.36 -32.931 9.99
57 3.84 78.45 .94
38 1.51 73,33 .73
59 1.59 69.47 8.9
60 1.09 -71.63 0.1?
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25

Press (RETURN) when

)

ready to comtinye
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-79.78
64.38
"9.87
71.74
B89.93

-89.34
7707

~15.87

-37.55
31.42
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SPECIMEN REFERENCE.....

T45%2
ELLIPSE NUMBER AXTAL RATIO LUNG =15 uwlEnl, LORREL.COEFF
1 $.45 -4.19 49.91
2 2211 -8.42 2.97
3 1-2? "‘.4‘ 0051
4 2.47 9.47 2.93
9 1.95 *2.9% 9.39
€ 3.48 1.71 3.98
7 4,31 1.34 3.94
8 1.91 -7.43 d.36
9 1.85 -27.38 3.66
10 3.67 -9.186 9.99
i1 3.21 12.693 3.82
12 2.48 16,22 9.30
13 2.11 -3,97 9.34
14 1,55 3e.30 3.89
1S 1.99 42.79 9.89
16 4.38 ‘5.8‘ ‘o,‘l‘
17 1.66 -3.313 9.63
i8 1461 13.04 9.82
‘19 1.77 -16.61 9.78
20 2.37 ~1.48 3,98
21 3.18 -13.82 6.99
22 1.23 69.23 6.39
23 3.47 1.37 8.94
24 3.89 ".” .u.,
25 3.02 -201.3 .o 9.
26 - 1.66 47,42 8.92
27 : 1.63 34.90 e.78
28 1.78 S.93 .92
29 2.04 -10.03 9.97
39 1,43 =22.22 8.83
31 1.95 -18.41 0.69
32 2.78 -3.71 8.8¢
33 6.38 3.78 2.94
34 3.68 -7.22 8.99
35 3.91 -4.14 1.08
36 2:29 32.3% .71
37 1.55 13.082 e.39%
38 -« 1497 -9,.83 8.99
39 6,08 8.27 8.92
40 3.45. 1.22 8.89
41 2.15 -7.89% 0.8%
42 2.17 -2.14 8.92
43 3.19 -26.47 8.99
44 1.27 14.7% 0.46
45 1.87 -8.69 .70
46 2.73 1.29 9.93
47 1.99 11.21 8.93
48 2.19 4,32 8.93
49 3.34 6.86 .99
Se 1.71 13.42 8.??
51 1.61 2.39 8.7}
32 1.92 8.00 e.93
53 1.49 -s6.31 9.73
S4 2.21 12.61 8.94
393 2.66 28.%6 8.79
36 2.27 19.96 .78
57 2.55 .120 78 9.93
58 2.76 21.98 0.8
59 2-39 -J.‘? 9.
60 9.23 -4,99 0.9
61 1.98 29.37 8.9
62 2,46 4,42 .78
63 3.01 4,76 9.9



64 2.58 20.91 a.97
65 2.94 3.495 .37
€6 3: 132 15.06 J. 31
v 3.36 -7.88 9.97
68 2.91 24 €1 9.95

Presz {RETURN)> when ready to continue
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SPECIMEN REFERENCE.....

T45X2

ELLIPSE HUMBER

WA NN — Q'O ~IMUN ISV

P Pt Gt s e P G o P

18

fAMIAL FRTIO
2

OB NONOD~I—=HLHWLIVMWWINW =M UNE O

O~ DL ANUNDWNNND 3~

NUAOHKWO VN =W ~JWAMWEC IV = (R'D'0 (W ——1'D

e ® o o .
HLOOONNWERD=NDLDEON

L
-
H

.
O O
NNOoO

Nt‘:‘N—‘--—IvNNh-NNNNNN—-NNN NNNNNN-—'QI\H\)'\;O——"‘t-‘--—-i‘\)'uh)l\)-—l\)'ul\-lu-—u
- L] Y -
(V. 2V
0D o=

.
o~
(T.X. ]

LONG AXIS URIENT.

Press <{RETURN> when r.eady to contimse
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T45XY

72 DATA POINTS
FLUCTUATION = 164
LOGHEAN Rf = 1.809
ORIGINAL 2ERD = 89,807

TRY AN Rs ESTIMATE.....
Rs Ri = 1.48,1.48

SYMMETRYecose

21 14 .
15 21

Hard copy now"
Press (RETURN? uhen rccds

T45YZ

68 DATA POINTS
BEBOTURATION = 126
LOGHEAN Rf = 2.459
ORIGINAL 2ERO = -1.3€8

TRY AN Rs ESTIMATE.....
Rs Ri =
2003, !-49

SYMMETRY..s.
20 14
14 19

Hard copy now
Press <RETURN> when ready
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T45XZ

56 DATR POINTS
FLUCTUATION = 158
LOGHEAN Rf = 2.112
ORIGINAL 2ERO = -76.772

TRY AN Rs ESTIMATE.....
Re Ri = 1.89,1.40 -

 SYMMETRY..... =

Noa
14 10 '
11 14

Hard copy now i
Press (RETURN> when ready

-
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SPECIMEN REFERENCE.....
T46XY

EL%IPSE NUMBER AXIAL RATIO LONG 9XI§50RIENT- COSRSL.COEFF.
2 1.42 14.04 0.81
3 2.62 4.02 8.99
4 10?4 -51129 0196
S 1.55 -1.14 8.95
6 3.36 9.35 8.92
v 1.50 9,78 0.89
8 1.80 -42.96 0.20
9 1.57 68,05 6.67
18 1.65 S3.24 .71

i1 2,55 08.083 8.94
12 1.36 23.81 8,735 "
13 1.36 7.23 0,74
14 2.14 26.68 0.97
15 1.46 33.88 0.83
16 1,64 -61.15 8.79
17 2.49 -9.26 8.96
i8 1,65 -12.73 8.93
19 2.32 73.39 8.97
28 1126 -230 99 9. ??
21 2.11 -8,03 8.88
22 1.96 -3-?4 0089
23 2.12 1.89 8.94
24 2.28 -32.30 0.90
25 1.83 -6.63 8.91
26 1,86 -36.49 8.29
27 1.26 -83.62 8.66
28 3.47 =4,4$ 8.83
29 1.19 -335.63 0.47
38 1.9¢6 36.23 9.89
31 1.63 -9.14 9176
32 1.46 63.41 9.48
33 1'66 -370 36 9- 84
34 1,34 ~-31.66 8.61
35 1.32 24.84 8.92
36 1-54 "9-?6 0073
37 2.12 €5.26 .74
38 2.28 -34,60 0.86
39 1-49 -39-64 9-69
49 2-02 —?-3? 8192
41 1.55 40.44 6.81
42 2.09 88.35 .76
43 1.37 -16.90 0.69
44 1.98 1.37 0.90
5 1.97 -34.86 8.89
46 2.46 -2.62 8.98
7 1.71 -2.43 8.97
48 2.04 -57.54 8.89
49 1.90 -18.594 8.73
Se 1.329 24.42 8.85
51 1.62 -38.44 8.59
52 1.92 -21.04 9.94
53 1.62 -5.87 8.65
54 1.82 -3.983 8.92
55 2.07 S.92 8.97
56 3.77 -31.09 8.89 “
7 1.33 35.83 8.980
58 1.46 '12065 9.33
59 2.34 12,73 8.93
('] 2.97 9.46 8.97
61 1.98 13,99 8.96
62 1.24 20.11 8.
.63 1.20 -23.98 ) ..‘
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64 1.23

65 1.34
66 © 1.80

67 1.68
Press {RETURN)> when ready to continue
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SPECIMEN REFERENCE.....
T46Y2

ELLIPSE NUMBER AXNIAL RATIO LONG AXIS ORIENT.
1 111? "61- S
2 1.86 83.06
3 1.860 60.31
4 1.69 75.92
S 1.51 84,14
6 1.52 ~32.73
7 2.90 -64.23
8 1.11 ~76.061
9 1.32 -46.70

18 1.68 -82.47
11 1.87 48,33
12 1.78 69.39
13 1.98 66.34
14 1.42 -408.36
15 2.41 88.92
16 1.98 48,43
17 2.11 61.88
18 2-43 '88-99
19 1.58 -8.31
28 8.49 79,77
21 2.14 -86.78
22 2.13 79.88
23 1,69 93.33
24 8.83 .B4.47
25 2.61 71.36
26 1.83 88.78
27 2.99 62,33
28 2.80 98.48
29 2.41 €2.73
38 2.36 89.28
31 1.28 -83.38
32 1.49 31.36
33 1.87 71.59
34 2.16 -72.00
35 2.01 -27.63
36 2.31 84.12
7 1.14 67,08
38 1-‘1 -15339
39 2.41 72.1€
49 1.85 °?.07
41 1166 -8802?
42 1.38 86.28
43 2.18 °1.78
44 1.44 -85.87
45 1-25 -?5l11
46 1.29 73.78
7 2.28 $7.53
48 1.33 78.42
49 1.61 -86.31
Se 1.26 -23.69
51 to‘S -27.92
52 2.3% -?71.22
53 1.438 -78.47
54 1.83 -18.96
55 1.69 67.33
56 1.19 -78.23
S7 1.47 -72.89
38 2.38 -88.57
39 1.83 79.83
68 2.48 -72.11

1 1.91 $9.63

6 .
Press <{RETURN) when ready to continue
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SPECINEN REFERENCE.....

Ta6XZ
ELLIPSE NUMBER AXIAL RATIO LONG AXIS ORIENT. CORREL.COEFF.

1 2.31 -88.72 8.95
2 1.67 -76.77 0.98
3 1.89 -51-16 9091
4 1144 -36546 8189
9 1.86 -956.41 8.89
6 2.86 -53.41 8.92
7 1.48 36.27 8.66
8 2.47 -85.086 8.97
9 1.13 19.85 0,44
18 1.44 -§?7.72 8.96
11 1.60 ??7.62 8.63
12 ll53 . -87165 8.66
13 1.42 -52.39 8.81
14 1.91 63.46 8.r4
15 2.63 53,52 8.78
16 1.50 -65.81 8.75
1? 1.76 78.12 8.94
18 1.51 82.74 8.72
19 1.55 -48,27 8.64
20 1.40 -75.37 8.65
21 1.58 -67.082 8.76
22 2.00 81.39 8.97
23 2- 34 -52- 64 9- 98
24 1.41 -62.40 8.79
25 2.03 -66.36 .86
26 1.72 20.18 8.78
27 1.57 82.99 - 8,78
28 1.54 '59.99 8.81
a3 1.44 28.65 8.€2
30 1.33 -63.15 8,69
31 3.0¢6 -71.980 .78
2 1.62 2.30 8.83
33 1.71 -20.79 0.58
34 1.99 ~76.89 8.91
35 1.83 -32.43 6.908
36 1.11 68.40 8.29
7 1.18 24.31 @.57
38 2.77 -857.53 8.83
33 2.62 -60.23 8.87
48 2. 52 ‘63-55 0192
42 1.88 -68.43 8.72
43 2-84 -19l88 9089
44 6.63 ~36.85 8.95
43 2.73 -69.82 8.93
46 1.51 -31.01 8.78
47 1030 -53119 0-83
48 2.06 42.15 B8.64
49 2.89 -8, 63 8.84
56 1.40 -53.89 8.83
S1 1.37 18.83 8.94
52 2.16 -12.62 .98
53 1.82 -85.81 8.83
54 2.15 2.50 8.92
o3~ 1-55 -353.24 0.73
56 1.19 36.91 8.33
57 1.76 76.70 8.95

Press {RETURN> when r;cdy to continue
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T46XY -11
&7 DRTA POINTS 10
FLUCTUATION = 174 e
LOGMERN R¢ = 1.300
ORIGINRL 2ERQO = 3.0833 -8
-7
TRY AN Rs ESTINATE..... ' -6
Rs Ri = 1.34,1.58 : +
FS
-4
+
| 3
SYMMETRY.eeee *
-3 4+
iS5 18 g
18 15 Wt i
Hard copy now % R
Press <RETURN> when ready L *s % ¢
+
L 4
FY
'S s . +l 1 A P B 8 _J A A&
-ﬁ T % % L] v K ri " LJ v L L LE "W
oaqd 2ERO
T4SYZ Iig
61 LRATA PQINTS [ 3
EEROTUATION = 149 12
LOGMERN Rf = 1.883 11
ORIGINAL 2ERQ = -84.486 10
+'9
-8
TPY QN RS ESTI“nTE. YRR '?
Rs Ri = 1.52.1.58
6
-5
I
-4

SYMMETRY.oee o
28 18
18 28

Hard copy now
Press <{RETURN> when ready




Ta6X2Z -13
S7 DATA FOINTS -12

FLUCTURTION = 17€ 11
LOGMERH Rf = 1.784 1@
ORIGINAL ZERD =  63.547 Lo
-8

- L7

TRV QN R: EbTIMRTE-.--. &
Rs Ri = 1.36,1.58 »
S

-4

SYMMETRY.....
12 16
16 12

Hard copy now
Press <RETURN> when ready

_W%—H—i—’w

L
ORIG ZERO
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SFEL IHEN FEFEFEMLE. .

T48XY
ELLIPSE HUMBEF WA Twl FATIO LONG =<iS ORIEMT. CORREL.COEFF.
i Ll ¥ ~%,°3 “8.51
2 206 b o 08.86
3 T8l 9.83
4 1,45 71,44 : 9.66
] 2.8¢2 Se.°7 8.77
€ j 31,73 2.9
T 1.91 23,87 0.7
8 3.79 11.88 8.83
9 o9 48.36 8.94
10 1.37 79,90 0.64
11 1.39 36.83 8.92
12 1.895 -36.26 9.895
13 1.58 48,93 0.68
14 1.32 . 44,40 9.70
15 2.20 24.38 0.66
16 1.54 $33.76 9.85
i 1.79 34,49 8.94
18 3.03 83.90 0.99
19 1.47 ~-82.688 0.87
20 1.99 61.83 .83
21 2.41 42.43 8.92
2 1.26 8.98 9.63
23 2.13 61.36 0.356
24 1.47 38.10 8.76
295 1.08 -29.9%9 0.26
26 1.3‘ S’.Sl .-l'
27 2.83 -89.18 .o"
28 4.68 37,92 e.91
23 1.19 85.14 8.3¢<
39 1.93 2.41 8.82
31 1.69 59.92 8.51
32 3.22 72.51 8.99
33 1.69 68,63 0.92
34 1. 97 75,76 0.97
35 3.89 -78.37 0.69
3¢ 1431 77.63 9.359
T 1.94 41.82 0.88
38 1.48 30.19 0.81
39 1.7§€ 74,44 9.85
40 2.08 T1.39 0.89
41 1-53 -84.,85 0.81
42 1.19 -71.51 0.43
43 1.8% 18.83 8.22
44 4.55 68,48 8.88
45 1.36 -33.7 8.32
46 2.08 63.15 8.82
47 3.85 T9.60 8.89
48 3.28 48,32 8.9@
49 1.21 66.43 8.37
50 1.47 88.36 8.93
31 2.80 41,20 8.74
52 2.09 76,19 8.89
93 2.18 39,84 0.893
54 1.56 43.53 8.72
59 2.27 46.58 0.98
6 3.43 84.95 0.81

-]
Press <RETURN> when ready to continue
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SPECIMEN FEFEFE! E.....
T48Yv2

ELLIPSE MUMBEFR =2 IAL RATIO LONG w413 ORIENT. CORREL.COEFF.
i 4.68 £0. 85 9.984
2 2.43 44,06 - .91
3 Zy33 r5.81 0.73
4 1,89 62,30 8.82
S 2,91 66,53 8.99
6 4.28 -86.99 9.97
7 1:25 75.58 0.68
8 2.5¢6 58.83 8.33%
9 2,32 -5.984 08.83

10 1.63 14,98 8.61
i1 1.72 -T.42 0.87
12 2.53 “72.23 8.82
13 S.19 49,895 0.86
14 1.35 64,58 8.99
15 1.23 -2.10 9.52
16 i.61 79.52 - 0.33
17 2.35 S?.57 0.88
18 1.58 r2.61 8.62
19 1.38 ~26.53 8.76
29 3.09 79.68 9.76
21 1.39 $6.07 8.74
22 1.088 68.28 9.22
23 1.56 37.50 9.77
24 1.49 -89.3% 9.62
25 2.22 33,13 .74
26 1.68 44,89 9.87
2? 1.43 -33,43% 8.56
28 3.35 -4,72 9. ,3
29 1.26 23.13 9.54
30 1.65 36.61 9.86
31 1.43 18.47 9.58
2 1.83 29.63 9,82
33 2.33 -39.€6 9.81
34 1.89 13,99 08.83
35 z.°¢ 62.43 0.94
36 1.59 $6.73 8.60
v 1.44 21.186 0.66
38 2433 23.63 0.83
39 1.01 71.31 08.085
40 1.64 3712 0.88
41 1.98 58.21 9.93
42 1473 50,93 8.87
43 1.85 18,86 8.18
44 2,391 49. 11 0.84
45 3.41 T1.44 0.98
46 1.29 -79,64 8.69
47 2,34 784 8.86
48 1.95 58.535 0.91
49 1.80 38.91 0.84
50 3.08 43.79 .90
51 2.91 62.34 0.97
32 1.27 3.88 0.61
53 1.48 36.88 8.79
34 1.43 S1.62 = 0.51
55 1.61 48,96 . 0.92
36 1.24 S7.60 -8.49
? 3-32 '?.o‘l 0-79
58 1.65 -34,11 9.92
59 2.56 95.26 9.99
60 2.40 89.20 9.86

1 1.69 98.71 9.87

6
Press <(RETURN) uhen reedy to comtinue
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SPECIMEY FEFEEE! 6 .

T4guz
ELLIPSE HUNMBEFR MAlAL PATI) LONG =<8 QRIEMT. CORREL.COEFF.
1 1+ 85 -46,44 0.71!
2 1.74 .54 8.73
3 1.39 -22,39 0.58
4 1,23 34,23 9.68
9 2,35 -37.99 0.9%9
6 2,21 -29,42 0.97
v 1,71 -315.79 0.85
8 lito 22,77 8.47
9 1.59 29,19 0.59
10 4,24 -238.89 9.95
11 2.24 -11.89 0.83
12 1:1% 22.28 0.25
13 2.§9 -14.41 8.91
14 2,29 -24.01 0.90
1S 1.78 -1.63 8.63
16 1.13 -65.2S 8.27
17 2.486 -33.79 8.92
18 3.42 -45.91 0.92
19 1.33 37.91 8.62
20 1.92 -18.88 0.89
21 1.96 -13.19 0.7°7
22 1.686 -3.49 0.93
23 3.19 -3.86 0.94
24 1.61 -22.77 8.79
25 2.10 0.9% 8.79
26 1.32 29,72 08.354
7 1.37 18.30 0.33
28 1.350 10.17 9.77
23 1 84 -17.94 8.88
30 2.38 -31.30 0.96
31 2.68 -14,10 98.86
32 t.18 89.19 9.40
33 1.44 -16.68 0.59
34 2,43 -9, 28 9,94
S el ~-1%:18 8.66
36 {.¢8 -19.50 v.79
T 1,65 -18,53 8.85
38 2:91 14.03 0.88
39 1.€6 -54,43 .79
40 2.97 14,36 0.78
41 1,92 15,88 8.982
42 1.8 48.36 8.12
43 1.€3 S1.44 9.68
44 - 10.80 0.84
45 235 3.88 0.77
46 2.53 18.09 8.92
v 2.865 .63 8.9%
48 11.57 -38.97 9.94
49 .71 -45.49 9.90 °
] 1.26 =31.45 8.70
51 1.63 43.84 8.91
52 1.92 3.72 0.63
3 1.78 -35.18 9.69
54 2.20 3.41 9.97
55 2.14 ~22.31 9.92
56 1.46 -39,78 9.80
s 3.36 -8.93 9.03
38 $.76 -3.01 8.97
39 1.64 13.61 8.73
60 1.62 -22.11 8.78
61 l 31 -20.80 9.47
62 u‘s 'l‘-‘e '-?‘

Press <RETURN> when ready to contimue
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T48XY rg
56 DATA FOINTS
FLUCTUATION = 1&9 k8
LOGMEAN FF = 1.926 b
ORIGINAL ZEF0 = =-65.429 &
s
TRY AN Rs ESTIMATE..... * .
Re Ri = 1.6641.35 N
-4
+
+
+
* 'Y
+
SYMMETRY..vu. -3
F *
14 14
+
14 13 - v +* 4
Hard copy now +
Press <RETURN> when ready PR 4 2 "
* L 3 4 ¢
®
L
¢ 4 L
* ®
B i o s e e 3
'
ORIG ZERO
T48X%2 .
62 DATA FOINTS :E
BEBOTUATION = 142 4
LOGMEAN R¥f = 1.956 E
ORIGINAL ZERD = 14,093 o
C
12
TRY AN Rs ESTIMATE..... - * Ly

Rs Ri = 1.51,1.48

SYMMETRY.....
16 1S
15 15

Hard copy now
Press {RETURN)> when ready




T48Y2

61 DATA POINTS
FLUCTUATION = 17?7
LOGMEAN Rf = 1.925
ORIGINAL 2ERQO = -57.567

TRY AN Rs ESTIMATE.....
Rs Ri = 1.47,1.4

SYMMETRY.....
12 18
18 12

Hard copy now
Press <RETURN> when ready

t
ORIG ZERO

145




SFEE “"EH PEFEE E"' E
T49XY

ELLIPSE HUMBER

O == @D CO =d Ty LA 48 G IO s
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LO%5 aXIS ORIENT,

~23.52
-14,8¢

73,11
-54.01
-30.91
-32.44
-32.04
-12.94
-17.47

12.190
-3‘- 33

-6.47
-35.61

‘9. 64

40.16
-520 60
-19.38
=-39.353

-6. 25
-20.684
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SPECIMEN REFERENCE.....
T49YZ

ELLIPSE NUMBER AXIAL RATIO

)} .08
2 6.24
3 2.68
4 1.98
S 4.34
6 1.26
s 2.28
8 1.90
.9 1.10
18 1.93
11 1.66
12 2.28
13 3.21
14 2.33
15 2.64
16 1.41
17 1.87
18 2.48
19 2.38
20 2.086
21 1.79
22 1.98
23 2,32
24 2,38
23 1.93
26 2.22
27 2.36
28 2.
23 1.97
30 1.77
31 2.90
32 1.32
33 2e 13
34 2.30
3% 1.33
36 2. 25
37 1.14
38 2.64
39 1.46
48 4.25
41 2.84
42 2.37
43 2.17
l44 1083
45 4.86
46 1.42
7 1.84
48 2.52
49 2.20
50 1.43
S1 1.45
52 3.45
53 1.98
54 7.29
55 1.64
36 1.680
57 2.31
98 1.66
39 2.93
60 2.43
61 1.93

2.40

LONG AXIS ORIENT.

-68.78

88.29
-82.92
-54.41
-77.89
-49l 96
‘831 19
-570 86

87.37
-49,12

78.78

89.133
-83.40
~-62.43
~88.49

£ -63- ?l

62
Press <{RETURN)> when reedy to continue
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-470 .s
-67.81
-70, 62
-91.31
-81.66

CORREL . COEFF.
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SPECIMEN REFERENCE
T49X2

ELLIPSE HUMBER R¥IAL RRTIO

1 2.27

2 1.93

3 1.92

4 5.91

S 3.79

6 1.79

7 1.36

8 2.57

9 1.84
18 S.080
11 1.79
12 2.74
13 1.21
14 2.32
15 1.79
16 1.77
17 1.35
18 1.62
19 1.97
28 1.99
21 1.43
22 2.36
23 3.38
24 2.83
25 4.18
26 1.92
27 3.21
28 2.08%
29 4,45
3D 153
31 .23
32 1.81
33 2033
34 1.36
35 221
36 3.53

7 1.31
38 2.086
39 1.92
48 1.20
41 darl
42 1.80
43 2.15
44 2.12
45 3.93
46 1.21
47 1.75
48 1.94
49 1.93

¢] 1.76

LG5 <15 ORIENT.

S .
Press {RETURN)> when ready to continue
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T49XY . 45
64 DATA POINTS ri
ZEBOTUATION = 171 , o8
LOGHEAN Rf = 2.134 Lt
ORIGINAL ZERDO =  16.624 ;;5
TRY AN Rs ESTIMATE..... ‘:12
Rs Ri = 1.87,1,48 10
+9 4
re
7
, ré
SYHNETRY. sees I,.S
6
15 1 . e
17 18

Hard copy now
Press {RETURN> when ready

T49Y2

!
62 DATR PGINTS 12
FLUCTURTION = 191 12
LOGMEAN R¢ = 2,224 e
ORIGIHAL ZERD = 31.587 18

-9

-8
TRY AN Rs ESTIMATE..... _? +
Rs Ri = 2.0,1.4

tre

SYMMETRY.....
20 10
11 20

Hard copy now
Press (RETURN> when ready
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T49x2

50 DAfa EAINT
FLUCTUMTION = 118
LOCHERY PF = 2.136
DFIGINAL ZERD = 47.142

TRY AN Rs ESTIMRTE.....
Rs Ri = 1.998,1.49

*SYHHETRY..-.-
14 10
11 14

-Hard copy now
Press {RETURN> when ready
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SPECINEN REFERENCE.....

TS2RY
ELLIPSE NUMBER AXIAL RATIO LONG AXIS ORIENT. CNRREL.COEFF.
1 1.33 -74,78 9.65
2 1.48 18,42 8.79
3 1.62 -9.90 8.82
4 2.37 8.75 8.98
5 1.78 -8.38 8.92
6 2.87 -19,66 .99
T 5-95 -42132 8094
8 2.12 =3.96 8.97
9 2.41 3.23 8.99
10 2.23 4,38 8.95
‘l 3024 -9'11 9.89
12 2.93 34.58 .78
13 3.22 -18.90 8,98
14 1.60 -28.47 8.93
15 1.29 -66.36 0.49
16 3.34 13.78 0.99
17 1.66 -18.80 0.91
18 1.78 26.02 0.98
19 3.08 11.83 8.93
28 1.76 4.21 8.78
21 1.57 26.91 0.64
22 2.51 17.33 8.97
23 1.58 -6,32 8.93
24 2.086 23.67 9.84
25 1.74 -5.93 9.684
26 1-24 16.?’ il 9.39
27 2.82 19.33 9.93
28 4,03 2.12 9,99
29 2409 8.73 8.86
39 2.2¢ -6.13 8.93
31 1.46 -14.05 0.90
32 1.15 69.23 0.58
33 2.50 -17.41 0.98
34 2.42 28.91 0.71
35 2.14 .76 0.95
36 3.86 7.68 8.99
3r 2.41 12.81 8.80
38 2.18 5.78 8,93
39 1.43 -13.00 8.85
46 2.40 -1.14 2.88
41 2.98 -9.31 8.99
42 1.93 82.92 0.88
43 1.53 i.78 0.64
44 3.51 9.97 8.85
45 2.44 9,85 9.98
46 1.43 58.34 8.82
47 2-92 -1-38 0.84
48 1.86 1.18 8.97
49 1.83 -6.85 9.65
Se 1.29 -10.24 8.57

Press <RETURN> when raady'to continue
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SPE$%NEN REFERENCE.....

152

ELLIPSE NUNBER AXIAL RATIO LONG AXIS ORIENT, CORREL.COEFF.
1 2-50 ‘48. ?1 194
2 1-69 -38'39 0.?6
3 1.61 -15.65 8.63
4 1-2? -28'19 9052
5 2-81 -‘6n49 9.79
6 l.53 -4lu6? 9071
? 1,43 -33.87 8.68
8 2.87 5.25 8.96
9 1.45 -32.66 8.53
18 1.87 -32.40 8.95
i1 2.19 -45,22 0.98
12 1.75 -30,37 8.71
13 1.83 44,84 0.80
14 2,03 -32.72 .79
15 2.16 4,64 8.86
16 1.23 -29.21 8.63
17 2.2? ‘2‘.28 0.90
18 2.85 -63.29 8.92
19 2.43 -42.08 8.96
20 2. 61 -93. 39 0. 82
21 2.01 -33.26 0.76
22 1.47 -68.39 8.75
23 2.41 -33.13 8.83
24 1-38 -26-41 0.74
25 2.080 -40,03 8.92
26 2.41 83.68 8.98
2? 2-3‘ ‘7079 0083
28 1,63 -1,59% 8.58
23 1.63 ~-22.06 0.80
39 1.14 79.17 8,31
31 1.38 -r8.49 8.96
32 1.35 3.22 0.51
33 1.47 -38.01 0.91
34 1.52 -49,.82 .91
35 1.64 -2.30 8.71
36 2.79 -43.09 8.98
38 1.92 -2.45 0.76
39 1.42 -13.13 8.65
48 1058 -57048 0066
41 2.82 -29,36 0.99
42 1,51 =-79.05 8.78
43 2.76 9.086 08.88
44 2.28 24.01 8.91
45 1.11 -68.195 8.42
46 2006 -408.08 0.94
2.03 -82.00 8.97

4?7
Press {RETURN)> when ready to continue
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?PECINEN REFERENCE.....

Sax2
ELLIPSE NUMBER RXIAL RATIO LONG AXI1S ORIENT. CORREL.COEFF.
1 1.63 -71.82 8.69
2 1.65 -46.64 - 9,83
3 1.87 -51.71 8.92
4 3,55 89.92 0.91
5 2. 33 -82- 84 0085
6 2.54 -72.73 0.95
¢ 2.43 78.85 8.79
8 2.08 -87.04 0.81
9 4.06 -87.80 0.82
18 3.43 -83.45 0.80
11 2.57 83.45 8.98
12 1.39 $58.77 8.93
13 3.21 -835.65 0.86
14 1.69 ~72.64 0.86
15 4.10 - -88,67 0.89
16 1.43 48.66 0.84
17 2.18 89.39 0.84
18 2.48 -81.46 8.70
19 1.32 -835.86 8.79
20 1.84 -74,37 8.86
21 3.59 -71.88 98.96
22 1.73 87.68 8.92
23 1.73 71.23 0.83
24 2- 62 '39-89 'c 95
23 2.41 81.67 8.87
26 3.17 =-71.48 _ 8.95
27 1.22 -78.60 8.59
28 6.12 -62.38 8.99
29 4,20 ~26.29 1.80
30 1.46 1r.42 8.73
3‘ 2-51 -8?-09 8.93
32 2.16 -57.39 0.84
33 4.48 82.09 0.94
34 3.37 89,13 0.97
35 3.23 81.92 8.92
36 2.44 -61.41 0.88
37 2.78 73,083 0.84
38 2.35 71.94 8.91
39 3,59 81.20 0.806
40 1.75 -87.86 8.76
41 2.14 -88.38 0.89
42 i. 69 -890 93 8.79
43 2.98 73.36 8.94
44 1.93 88.38 0.91
435 1.82 -23.25 8.86
46 2.72 -62.73 8.97
47 2.76 -83.63 8.76
48 1.89 88.17 0.93
49 1.72 -77.31 08.72
58 1.14 38.79 8.57
S1 2.48 S7.97 0.98
52 2.89 81.81 8.74
33 1.94 83.36 8.97
54 1.77 77.80 8.83
5= 1.98 -88.76 8.85
36 2.12 86.12 0.89
14 2.13 88.49 0.80
S8 1.31 85.92 8.93
59 1.77 46.48 8.93
] 1.80 99.53 8.83

Press {RETURN> when racdy to continue
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T52XY

58 DATAR POINTS
FLUCTUATION = 158
LOGMEAN Rf = 2.117
ORIGINAL 2ERD =  ~1.757

TRY AN Rs ESTIMATE.....
Rs Ri = 1.88,1.58

SYMHETRY:ce. .
12 12
13 12

Hard copy now
Press {RETURN)> when ready

T52Y2

47 DATR POINTS
FLUCTURTION = 152
LOGMEAN Rf = 1.843
ORIGINAL 2ERO =  38.098

TRY AN Rs ESTIMATE.....
Rs Ri = 1.45,1,58

SYMMETRY. ... ..
14 9
9 14

Hard copy now
Press <RETURN> when ready

© =N

A O N D D = s s pe

+

gt

L
ORIG ZERO




T52X2

60 DATA POINTS

FLUCTUATION = 133

LOGMEAN Rf = 2,259

ORIGINAL ZERO = 88.738
See

TRY AN Rs ESTIMATE.....
Rs Ri = 2.008,1.50

SYHMETRY.o.0 s
14 15
16 14

Hard copy now
Press <(RETURN> when ready
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SPECIMEN REFERENCE.....

TS3IXY

ELLIPSE NUNBER AXIAL RATIO LONG AXIS ORIENT. CORREL.COEFF.
1 2. -23.19 0.80
2 1.66 ~53.71 8.76
3 1.82 11.83 8.94
4 1.64 -52.26 8,65
3 2,31 -50,19 0.88
6 4-9? -16319 0-91
7 3-52 -5084 1.89
8 2,082 18.67 0.99
w9 2,23 -6.02 8.83
1@ 1.64 49.48 8.83
11 2.86 -16.71 8.93
12 1-?6 '51-?9 90?6
13 2.31 -53-63 0.68
14 1,13 -50.39 8.46
15 2.93 -18.06 8.97
16 1.45 23.55 8.76
l? 1-92 -3216? 9.99
18 2.89 -20 83 8.92
19 1.5 -44,.38 8.68
20 1.12 ~-83.76 8.25
21 3.34 ~208.66 8.99
22 6.09 -78.43 8.96
23 2,95 -31.81 8.98
24 1.64 -6.42 8.68
25 2.93 -20.12 8.98
26 1.96 -13.86 .88
27 2.98 “335‘ 0.99
28 1.3 -89.16 0.68
23 1.7 42.76 0.60
k1] 1.77 -6.,58 8.96
31 3.18 -36.90 0.98
32 1.96 18.41 9,82
33 1.61 ~-18.70 0.90
34 2.86 -33.03 g8.9%0
35 2-15 "49-81 9.9?
36 3.18 ~11.44 8.83
v 1.84 -17.32 8.73
338 2,67 -42.46 8.80
33 1.16 -31.45 8.49
49 1087 -l4c64 8088
41 3.49 -{7.58 1.00
42 2,67 -42,32 8.92
43 1.91 -23.93 8.94
44 1-84 -330 04 0. ?5
45 ‘-81 -23¢56 9-75
46 2.66 -335.98 9.80
47 1-27 -22'21 0156
48 4,85 -3.34 1.80
49 2-69 '5-81 0184
56 1192 '22. 82 9093
S1 1.76 -47,61 8.68
32 1.26 -50.48 0.65
53 1.79 -29.39 8.96
S4 1.89 -21.27 8.92
55 2-‘3 -‘. 62 ll..
56 1397 -391 02 8.94
57 1.64 -11.38 ..?5
58 1.52 -30.86 8.082
39 2.01 -19.16 8.99
i -4,47 9.91

60 39
Press {RETURN> when ready to continue
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SPECIMEN REFERENCE.....

T53v2
EL%IPSE NUNBER HX}934R9T10 LONG AXIS ORIENT. COSREL.CDEFF.
2 2.23 17.67 8.85
3 2,28 2,78 8.89
4 3,56 3.57 8.99
S 1.88 27.63 8.85
6 1.77 23.84 0.88
7 2-89 '5-95 9198
8 2.14 2.38 8.71
9 3.23 -11.75 8.81
1@ 3.32 -7.71 .87
i1 1.86 -28.45 8.83
12 2-69 -!1081 °a92
13 .56 8.83 8.9@
14 3.32 3.34 1.00
15 3.12 2.41 .8.,79
16 S.24 -4.66 8,98
17 1.47 -23.52 8.56
18 1.86 -3.31 8.59
19 2.62 -1,76 8.94
28 1-60 ‘31.37 8.69
21 1-45 -59.92 0.99
22 1.21 22.78 8.78
23 14,43 -18.87 .97
24 2,02 S8.17 9,84
25 1,45 4,22 8.80
26 2- 67 -2917’ 0.92
27 1.40 49.40 8.49
28 2.74 18.28 8,79
23 S.91 -21.82 0.96
38 1.86 -42,73 0.86
31 2.32 -1.30 0.88
32 2.14 -7.38 9.89
33 1.72 ~32.44 98.90
34 2.81 -9.85 0,80
35 2.77 -8.94 @.86
36 1.54 5.74 8.86
v 2.25 4,67 8.96
38 1.95 13.78 8.92
39 2938 -9.?6 919?
40 2.96 8.88 0.81
41 1045 ~34.35 0051
42 2.88 19,15 8.93
43 1.47 -11.13 8.65
44 1.91 ‘29-83 8.96
45 1.39 ~22.93 0.91
46 1.87 14.67 8.95
47 2.78 -0.24 08.84
48 1.68 -58098 8.85
49 2.09 0.29 .83
50 1.28 60.07 9.71
S1 1.37 -51.12 8.87
52 1.81 -6.20 8.78
33 1.28 -14.90 8.70
54 1.42 82.81 .33
35 2.25 =-9.31 8.82

Press {RETURN> when r;ady to continue
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SPECIMEN REFERENCE.....

TS53X2
ELLIPSE NUMBER AXIAL RATIO LONG AXIS ORIENT,
1 49.48 -735,
2 3.29 -87.51
3 2.38 -86.53
4 2.53 -78.54
S 2.39 -78.39
6 1.88 -89.23
? 2,38 -3.00
8 95.385 -86.25
9 3.85 -85.63
18 2.04 -68,32
i1 2.17 -83.13
12 3.71 75.11
13 1.68 -81.41
14 3.86 -02592
15 2.30 86.82
16 1.7 -81,46
4 2.21 -74,33
18 3.87 -76.61
19 2,72 88.74
28 2-20 -79I?2
21 2.21 -74564
22 2.084 -41,38
23 3.48 -78.29
24 2.79 -84.70
25 1-35 '51052
26 3.31 '65-9
27 2.44 ~76.44
28 1102 ‘59.51
23 1.48 -83.33
Ja 1.46 -86.38
k3! 1.94 -85.73
32 2.81 -81.64
33 1,83 88,86
34 3,46 -75.67
33 1,99 86.09
36 2.11 -85.11
7 3.24 85.83
33 2-91 -880 21
39 2,79 -84.18
48 1.86 -78.89
41 4.68 -89.56
42 2.49 89.68
43 4.080 -76.35
44 3.27 73.41
45 3.86 88.85

Press <RETURN> when ready to continue
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CORREL . COEFF.
78

9.76
8.96
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TS3XY
6b DATA POINTS
FLUCTURTION = 121
LOGMEAN Rf = 2.9
ORIGINAL ZERO = 2

TRY AN Rs ESTIMATE.....
Rz Ri = 1.75,1.508

SYMMETRY.....
12 18
18 11

Hard copy now
Press {RETURH> when ready

TI53Y2

55 DATA POINTS
EEBOTURTION = 142
LOGMEAN Rf¢ = 235229
ORIGINAL 2ERD = S5.312

TRY AN Rs ESTIMATE.....
Rs Ri = 1.77,1.55

i
SYHHETRY- LR NN

13 14
14 13

Hard copy now
Press <RETURN> when ready

r12
-11

|




TS3XZ

45 DATA POINTS
FLUCTUHTION = 194
LOGMERN R¥¢ = 2,693
ORIGINAL 2ERD = 82.024

TRY AN Rs ESTIMATE.....
Rs Ri = 2.35,1.58

SYMMETRY.....
9 12 8
4
13 18 6
Hard copy now -
Press (RETURN> when ready &
+ 4
+ @ +
+
+ +
%
%
+ i
%0 80
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SPECINEN REFERENCE.....

t54xy
ELLIPSE NUMBER AXIAL RATIO LONG ARXIS ORIEMT. CORREL.COEFF.
1 .31 12.47 .92
2 1.24 -11.00 8.79
3 1.49 74,48 8.65
4 1.29 65,45 8.68
5 1.24 -88.19 8.69
6 2.36 46,62 0.97
? 1,51 36.99 0.90
8 1,37 59,98 8.83
9 1.79 47,58 8.79
18 1.68 38.08 0.73
11 1.81 25.54 8.92
12 2.17 42,34 8.95
13 1.26 62.33 8.70
14 1.33 -89l02 0.47
15 1.75 17.15 8.95
16 1.71 235.76 8.92
1? 1.38 63.50 8.52
18 2.00 24,88 8.90
19 1.2%5 -31.86 8.84
208 1.43 -51.352 8.69
21 2.13 44,73 8.99
22 1.40 =24.11 8.67
23 1.12 60.75 .20
24 1.84 35.37 8.76
23 1.33 52.32 8.75
26 1.16 21.54 .66
2? 1,72 $50.32 8,71
28 2.98 41,33 8,94
24 1.46 74.13 9.62
39 2.29 23.78 0.84
31 1.39 22.61 8.65
32 1:22 99.28 8.47
33 2.74 27.83 6.98
34 1.38 30.96 8.78
35 1.11 -67.00 8.39
38 1,21 58,42 8.28
7 1.99 58.97 8.81
38 1.26 39.54 8.57
33 1,48 S51.76 0.78
48 2.00 69.71 8.86
41 1.27 43,73 8,73
42 1.99 29.71 0.91
43 2,36 44.79 8.95
44 2.58 33.77 8.96

Press <{RETURN} when ready to continue
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SPFECIMEN REFERENCE.....

tS4yz
ELLIPSE NUMBER ANIAL RATIO LOHG AXIS ORIENT. CORREL.COEFF.
1 1.55 79,35 0.71
2 1.28 -48,32 8.57
3 1.85 -69.22 0.95
4 1.24 65,79 0.48
] 1.18 3.38 0.45
5 1.49 .74 0.67
v 2,53 -16.00 0.9¢6
3 1.96 S5.16 8.9¢6
9 1-69 ‘55094 0.8?
11 1.72 -54.36 0.84
12 1048 -48, 33 8,40
13 1.39 -49, 18 8.87
14 1.7 74,08 8,93
15 1.64 58.92 0.67
16 3.32 28,38 8.92
17 1.84 36.31 8.73
18 1.23 78.69 0.66
19 1.62 26.36 8.79
20 1.72 14.24 8.94
21 1.56 ~36.28 8.66
22 2.42 7.71 8.94
23 1,14 98.11 8.54
24 1.51 -2.68 8.76
25 1.39 °7.12 8.61
26 1.25 -62.41 0.353
27 1.27 -35.66 8.54
28 1,49 -6.,54 8.88
29 2.42 6.63 8.87
30 1.83 -86.84 .79
31 1.57 45,76 6.70
32 1.49 7.38 6.81
33 1.81 41.81 8.78
34 1.73 -57.31 8.91
35 3.55 -8,53 8.8&7
36 1.44 34.63 2,54
37 1.64 ~-24.64 0.7
38 1.45 23.594 0.94

Press <{RETURN> when ready to continue
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SPECIMEN REFERENCE.....

t54xz
ELLIPSE NUMBER RXIAL RATIO LOHG AXIS ORIENT. CORREL.COEFF.
1 3.486 . 9.95
2 1.7 $8.93 .94
3 2.33 39.13 0.84
4 1.18 Si.o1 8.45
S 2.47 56.37 8.96
6 2.69 62.41 8.73
s 1.38 48.14 0.94
8 1.63 81.45 0.96
9 2.47 74,39 8.98
19 1.54 56.70 0.85
i1 199 €9.14 0.95
12 1.85 8.73 8.13
13 1.61 58.64 8.91
14 2.42 -88,20 8.93
15 1.59 14.26 8.49
16 1.98 63.76 8.81
i7 1.79 -45.081 9.88
i8 1.48 S7.22 8.88
19 1.22 33.40 8.67
28 1.27 $6.58 8.82
21 1.16 $9.47 0.62
22 3.08 40.96 0.93
23 1.87 18.51 8.8
24 1.7¢7 S8.06 0.88
25 1.67 66.81 0.768
26 1.39 -6.4% 0.7S
2?7 1.41 -79.99 8.83
28 1.93 42.17 .86
29 1.41 49,50 8.5¢&
39 3.63 29.7¢ 8.97
31 1146 -88068 9.69
32 1.338 49,44 0.65
33 1.20 73.78 8.67
Press <RETURN) when ready to continue
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t94xy

44 DHTA POINTS -9

FLUCTURTION = 180 Lg

LOGMERH Rf = 1.638

ORIGINAL ZERO = =44,753 L
-6

TRY AN Rs ESTIMATE.....

Rs Ri = 1.34,1,49 + S
-4

SYHHETRY....- 4*3

14 7 ++

8 14 & f*

Hard copy now 5

Press <RETURN> when ready ++ 2 & +

_§S—F4—+—+4—4—+—+-—+—+—+—F4—4—+;§ak

t
ORIG ZERO

tS4us -7
38 PATH FOINTS
FLUCTURTION = 183 -6
LOGHERH Rf¥ = 1.633
ORIGINWL ZERD =  -7.389

ol -5
TRY RH RS EST!NQTE.-..- b4
Rs Ri = 1.15.1.48

+
+
-3

SYHMETRY..... + X
i8 8
3 18 £2
Hard copy now + +s s +

Press {RETURH> when ready




tS54x2

33 DATA POINTS
FLUCTURTION = 141
LOGMERN R¢ = 1.695
QRIGINAL ZEROD = ~-57.221

TRY AN Rs ESTIMRTE.....
Rz Ri = 1,49,1.40

SYMMETRY.....

7 9
9 7

Hard copy now

Press <(RETURN)> when ready
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SPECIMNEN REFEREMCE.....

TSEXY
ELLIPSE HUMBER AXIAL RATIO LONG A¥IS ORIENT., CORFEL.CCEFF.
1 3.45 86.87 8.86
2 4.33 85.27 8.93
3 1.82 -89.42 8.84
4 1.88 82.39 8.81
S 1.91 74.06 8.79
6 1.79 -79.47 8.51
T 1.17 -35.69 8.36
8 1.30 -80.92 8.79
9 1.59 -81.295 8.74
18 2.74 74,72 ©.98
11 1.85 64.06 0.358
12 2.13 -78.84 8.92
13 4.29 -88.66 8.85
14 S.88 72,88 8.97
15 2.31 -87.76 8.64
16 4,55 81.42 8.82
l? 2.1? -9‘179 °l99
18 2.28 -62.94 8.74
19 2.14 -73.60 9.91
206 3.25 84.92 .87
21 9.19 84.43 8.93
22 2- 39 -°7o 53 .- 98
23 2.31 86.23 9.79
24 1.57 71.683 0.79
25 2.12 77.00 § 9.93
26 3.11 84.33 8.94
27 2,56 -84,.14 e.71
28 2.73 04.10 .94
23 1.493 -67.23 v.89
a 3.28 87 27 2. 9!
31 2.97 60,36 B, 9
32 3.34 7S.78 v.91
33 1.78 84.56 0.76
34 2.68 -77.18 8.9%
35 95.31 73.85 0.95
36 3.36 78.083 8.89
7 1.53 -37.74 8.98
383 9.52 83.06 8.98
33 1.94 -78.78 0.89
49 1.89 66.72 8.52
4! 2-49 -64-93 9.99
42 1.48 -34.71 0.86
43 2.01 -82.60 8.88
44 1.32 -31.66 8.92
45 2,99 87.99 .84
46 4.20 -89.083 8.94
47 2.84 86.01 8.99
48 2.61 73.23 8.76
49 2.08 -86.99 8.78
50 2.29 735,04 0.87
S1 1.95 -78.78 8.88
92 1.38 S54.93 8.64
S3 2.67 -88.77 8.99
54 1.96 64.72 8.86
SS 2.76 -81.82 8.91
56 2.31 -78.63 8.89
S7 2.29 80.48 8.94
S8 2.86 73.20 8.99
59 2.82 -76.34 8.94
606 2.34 79,73 8.99
61 1.46 70.93 8.76

Press {RETURN> when ready to continue
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SPECIMEN REFERENCE.....

TS6Y2Z
ELLIPSE HUMBER RXIAL RATIO LOHG AXIS ORIENT. CORREL.COEFF.
1 4.14 -6.70 8.98
2 ‘.11 -6, 32 0.94
3 2.42 -11.86 0.99
4 2,67 -28.087 9.94
5 2.53 -1.93 9.94
6 2,04 3,95 9.86
7 9.38 -10.81¢ 8.87
8 2- 69 ‘Sn 28 9. 98
9 3.78 -8.28 8.7
18 3.53 6.78 0.83
i1 3-95 "12-29 0-98
12 4.26 -10.58 8.99
13 2,96 ~-10,.93 8.88
14 2.88 12.62 8.93
15 2,82 2.83 8.93
16 1148 -°c‘e .ce.
i? 3‘49 “3028 .',,
18 1.94 0.14 8.08
19 2.83 -1.66 9.83
20 3.70 3.01 9.93
21 1.91 “27.‘! 9.74
22 2.082 -42.93 0.93
23 2-91 -4077 ‘-..
24 3.09 1.32 e.07
23 2. 3 -17. 3. 0. ,.
26 3.92 -sn 36 9.904
2?7 4,01 -4. ?. - .l 90
28 la?‘ -’0.3 .o”
22 1.49 ~2.27 2,72
30 3.33 16,74 .98
31 2.54 =9.29 8.99
32 3.98 8.85 0.6%
33 2.39 -6.72 0.9?7
34 .70 -3.26 8.96
39 4,353 -5.30 8.99
35 4.57 -1.20 8.98
) 4.17 -1.20 8.91
38 1.83 -40.31 9.13
39 3.54 9.28 8.89
48 3.23 -2.44 8.74
41 11.14 -35.28 8.89
42 4.63 -8.44 8.99
43 3.60 -12.82 9.85
44 13.31 0.54 1.00
45 5.04 -8.62 0.94
46 ‘095 -3-34 9.98
47 3.46 8.51 8.89
48 1.67 -6.17 8.88
49 3.84 -9,23 8.98
56 3.88 -3.63 8.92
51 1.62 3.84 8.83
52 2.63 12.38 8.935

Press {RETURN> when r;udy to continue
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SPECIMEN REFERENCE.....

T56X2
ELLIPSE NUMBER RXIAL RRTIO LONG AXIS ORIENT. CORREL.COEFF.
1 2.12 74,73 8.89
2 3:.21 62.90 8.95
3 2.88 86.44 8.79
4 2.54 85.84 8.82
S 3.32 78,97 0.93
6 2.15 68.13 8.87
7 3.16 86.94 8.91
8 1.85 62.85 8.83
9 1.97 77.43 8.7
18 1.84 78,84 0.84
11 2.34 ~76.45 0.90
12 1.94 ~76.19 8.80
13 1.60 78.89 0.67
14 2-0? -Gl-ea ‘197
15 2.93 71.94 9.98
16 3.08 73.54 9.97
i? 4.41 67.88 0.98
13 309? '85-94 ..96
19 2.24 82.27 6.87
28 1-55 -60121 .-‘,
21 1.93 -89.92 8.77
22 1.43 85.49 .39
23 2.85 66.87 0.04
24 3.14 67.58 0.68
25 2.36 S1.67 . 0.79
26 20 59 '32- 44 - .0 .‘
2?7 3.15 83.352 0.9%4
28 1,96 88.83 0.93
a9 2.99 €3.27 8.91
3e 2.58 -33,75, .97
3 1.85 -32.96 8.8¢
32 2.93 89.77 9.86
33 1.54 86.67 0.93
34 1.33 65.31 0.63
a5 2.39 78.33 8,93
35 4.77 67.41 8.96
37 1.72 46.7 8,80
38 2.18 -78.73 9.92
33 2.14 82.62 8.78
48 1,94 -32.86 8.73
41 1.89 83.088 8.82
42 2.17 86.7 8.98
43 1.54 78.63 8.76
44 3.64 62.97 8.83
45 1.84 64.63 0.84
46 1,29 -89.91 8.7
47 1.82 -59.82 8.84

Press <RETURN> when ready to continue
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TSEXY 2id
61 DATA POINTS e
EEBOTUATION = 93 e
LOGNERN Rf = 2,423 4
ORIGINAL 2ERO = -86.871 £l
L 11
1»19
TRY AN Rs ESTIMATE..... -9
Rs Ri = 2.08,1.48 -8
-7

SYMMETRY.....
17 12
13 18

Hard copy now
Press {RETURN> when ready

t
TS6YZ
52 DRTR POINTS
FLUCTURTION = 53
LOGMEARH R¢ = 3.219
ORIGINAL ZEROD = 4.778

TRY AN Rs ESTIMATE..«..
Rs Ri = 2.96,1.48

SYMMETRY.....
1S 18
i1 15

Hard copy now
Press {RETURN> when ready
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T56X2

47 DRTA POINTS
FLUCTURTION = 191
LOGMERN R¢ = 2,278
ORIGINRAL ZERO = -82.615

TRY AN Rs ESTIMATE.....
Rs Ri = 2.0+1.4

SYMHETRY.ses s
13 18
18 13

Hard copy now
Press <RETURN> when ready

*
ORIC ZERO
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SPECIMEN REFERENCE.....

T58XY
ELLIPSE HUMBER AXIAL RATID LONG ARXIS ORIENT. CORREL.COEFF.
i 2.36 -72.81 .81
2 .70 ~72:.22 8.83
3 1.55 74,72 0.83
4 2-30 -30031 0-99
] 1.58 -71.25 8.9¢
8 1,41 -33.87 8.73
s 2.64 . =56.11 8.71
8 1.97 -42.83 8.88
9 1.51 -83.20 8.77
1e 1.59 -69.88 8.92
11 1.78 -55.10 8.98
12 1.8]1 -32.34 8.94
13 1.63 - =32,57 0.59
14 2,03 -63.01 0.69
15 3.67 =27.7 8.89
16 3.60 -52.72 0.95
7 2.04 -29,85 0.86
18 2.11 -37.98 8.89
19 1.93 ~36.49 0.82
208 2.44 -7.98 .97
21 1.72 -52.26 0.85
22 1.41 -47,37 0.82
23 1.54 ~-74.07 8.76
24 1529 -39- 69 = 0-86
25 1.45 -39.86 .67
26 1.60 -352.06 8.71
7 3.49 -32.37 0.92
28 1.94 -28.09 8.82
2 2.00 -55.84 0,99
30 1.52 -84.52 .47
3 1.82 =3 22 8.61
32 2.47 -44,13 0.€5
33 2:69 -41,34 0.97
34 1.85 -85.15 6.14
85 1,78 -76.19 0.860
36 2.18 -54,086 8.89
37 1.92 -29.21 0.79
338 2.73 -62.7 0.96
33 1.66 -35.48 0.76
48 1.65 -32.86 8.75
41 1.80 -49.88 0.86
42 3.82 -63.22 8.92
43 2.28 -35.49 8.96
44 1.39 -52.87 08.55
45! 1.75 -20.18 0.75
46 1.35 -9.35 0.80
7 2.57 =55.93 0.97
48 1.43 -47.21 0.86
49 1.71 -43.89 8.91
55 2.04 -51.83 9.91
51 3.38 -49.46 9.93
52 2-11 ‘6?.56 0189
53 2-92 ‘?9-29 00?2
54 1.73 ~34.63 8,90
55 1-99 -71135 0198
56 2.43 -32.92 @.91
57 1.40 -67.61 0.30
58 2.06 -308.51 8.83
59 1.41 -63.77 8.47
60 1.22 -38.67 8.84
61 1.74 26.13 0.88
62 l.se .‘7113 9.54
€3 1.47 10.79 9.57



SFECIMEN REFZRENCE.....

T58Y2
ELLIPSE HUMBER AXIAL RATIO LONG AXIS ORIENT. CORREL.COEFF.
1 1.94 72.83 8.€8
2 1.60 17.28 8.72
3 1.49 66,45 8.79
4 2.13 -82.50 8.77
b 4.19 -88.05 8.8S
6 1.24 -48,00 8.82
© 1.55 -77.44 8.66
8 1.65 25.81 8.88
9 1.98 -82.58 8,93
18 2.87 -78.02 0.92
i1 1.75 88,44 0,99
12 1.35 -66.59 8.61
13 2.09 65.46 8,93
14 1.58 66,98 8.86
15 1.73 67.40 8.60
16 1.60 -20.63 8.83
17 1.69 68.75 8.56
18 1.35 18.93 8.35
19 2.48 22.36 8.83
208 1.87 42.56 8.97
21 1.71 -708.48 8.92
22 2.23 82.31 0.77
23 1.34 63.01 8.73
24 1.61 31.92 8,72
25 2.17 38.23 9.64
26 1.2°7 60.59 08.356
27 1.49 78.51 9.62
28 2.435 $5.79 9.99
22 1.38 74,17 g.71
30 1.05 -82.089 v.19
31 1.41 €0.0s 0.6€
g2 1.45 -82.014 0.64
33 1.49 39.64 8.58&
34 1.44 -3.59 8.68
3 1.98 36.75 8.82
36 1.92 78.31 8.72
T 1.93 82,36 9.99
38 1.26 -60.39 8.84
33 lu69 ‘82- 94 0. 67
40 1.78 7329 8.89
41 1.23 -49,32 0.65
42 2.62 67.70 0.95
43 1.27 -80.99 0.76
44 1.24 -88.85 8.61
45 1.39 28.95 8.64
46 1.60 71,68 8.63
47 1.33 72.66 0.€4

Pross {RETURN> when reng’to continue
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SPECIMEN REFERENCE

T58%2
EL%!PSE HUMBREP AXInl RATIN LONG R-13 ORIEMT. CORPEL.COEFF.
- 26,63 6.7
2 1.57 : -3.14 9.94
3 2.99 47,47 8.85
4 2.81 24,80 0.93
5 1.22 23.09 9.47
& 207 17.24 8.99
i 3.27 5.36 9.86
8 2.29 35.12 8.97
3 2.04 15.91 9.84
19 2.09 38,51 8.85
1 3.17 33.14 9.85
12 1.34 24.08 8.64
13 1.85 11,42 0.91
14 1.48 43,63 8.65
15 2.64 18.11 8.95
16 2.29 19,81 2.89
17 1.78 8.39 9.84
18 1.85 10.35 9.89
19 2.84 14,91 8.97
28 2.73 -3.82 8.99
21 1.93 -8.68 8.99
22 1.53 1.11 8.94
23 1.89 51,35 e.18
24 1.34 0.48 0.69
25 2.51 8.57 9.99
26 1.97 34079 - 0-92
? 2.38 9.27 8.98
28 1.64 16.50 8.68
25 1.76 34.7% 6,86
in 1.14 2.19 6.72
21 2.02 -56.15 0,75
32 2.29 -9.96 19,99
33 1.35 2.36 9.75
34 1.38 1.38 0.97
35 1,18 26.38 9.59
35 1.57 -12.92 8.92
37 1.52 -32.23 0.64
33 3.14 15.32 8.98
33 1.85 21.50 9.89
49 1.63 33.92 8.89
41 1.68 32.38 0.87
42 2.44 -3.75 9.89
43 1.69 -2.19 8,87
44 2.62 34.51 0.98
45, 1.38 32.78 .79
46 1.23 6.40 0.68
7 1.78 8,27 8.93
43 1.66 89.5 8.79.
49 1.99 5.32 8.77.
2.28 36.38 8.86

58
Press {RETURN) when ready to continue
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T38XY

83 DRTR PQINTS
FLUCTURTION = 131
LOGMERH R¢ = i.

885
ORIGINAL ZERO = 52,

856

TRY AN Rs ESTIMATE.....
Rs Ri = 1.85,1.45

SYHMETRY.....
15 16

16 15
Hard copy now
Press {RETURN> when ready

TS8YZ.

47 DaTA FOINTS
ELUCTURTINH = 163
LAGHERH R¢ = 1.662
ORIGIHAL ZERD = -72.833

TRY AN Rs ESTIMATE.....
Rs Ri = 1.32,1.45

SYMMETRY.....
12 11
11 12

Hard copy now
Press <RETURH> when ready

f
ORIG ZERO
174

-3

*
ORIG ZERO




T98XZ

50 paTa POINTS L3
FLUCTURTION = 146

LOGNEAN F§ = 1.86!

ORIGINAL ZEPQ = -15.218 -5
TRV #H Rs ESTIMATE..... -4

Rs Ri = 1.654+1.45

SYHMETRY.....
14 11
11 13

Hard copy now
Press <RETURN> when ready

L
ORIG ZEFO
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SFECIHEN RCFEREMCE.. ...

TéOXY
ELLIPSE HUMBER AXIAL RATIO LONG AHIS ORIENT, CORREL.COEFF.
1 1.85 67.38 8.90
2 2.14 59.63 0.84
3 2.68 72.93 8.98
4 2.21 -82.5% 8.86
S 1.31 36.80 8.48
6 1026 “0-35 0.91
? 2.25 -321 23 0.84
8 1.62 34.45 8.63
S 2,38 -84.73 0.80
1o 1.21 14.54 0.31
11 1.68 -81.25 8.86
12 1.86 -61.96 8.93
13 1.35 -84.71 0.73
14 2.15 -68.85 0.98
15 2.38 21.83 8.74
16 2.43 47.08 8.95
1? 2.27 15.41 8.94
18 2.24 15.18 8.75
19 1.55 43.27 8.87
28 1.52 -32.79 8.76
21 1.51 86.44 8.38
22 2.21 -85.48 8.93
23 1.20 ~-79.57 8.38
24 1.19 6.11 8.47
25 1.55 89.24 8.93
26 1.65 28.13 8.94
27 1.92 33.33 8.92
28 1.89 1S.46 .97
=3 2.84 =3.7¢ d.94
B 1.41 —60.14 3. 53
3 2:953 7€.16 9.87
R 1.95 44.83 9.66
33 1.58 15.11 0.78
4 1.46 88.33 9.97
39 1.25 -0.84 8.53
35 2.84 -14.75 8.99
o 2,86 9.66 8.93
38 3.68 24.01 0.82
33 2.83 -13.27 9.84
48 1.51 72.08 9.77
41 1.63 -25.52 8.59
42 2.86 26.24 8.?77
43 2,81 -1.54 8.94
a4, {.81 22.45 8.91
45 1.41 80.91 8.71
46 1.63 89,48 8.83
47 1.44 38.42 8.59
48 1.87 68.46 8.72
49 2,50 5.50 8.94
560 1.91 -31021 9-91
S 2.08 21.62 8,73
852 1.51 89.95 8.71
53 1.55 11.72 8.88
4 1.44 46.13 8.76

)
Press <{RETURN> when ready to continue
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SPECIMEN REFERENCE.....

T60YZ
ELLIPSE NUMBER AXIAL RATIO LONG AX1S ORIENT. CCRREL.COEFF.
1 2.48 -56.44 8.95
2 1.560 -37.74 - 8.81
3 2.63 =15,63 8.86
4 1.60 -38.29 e8.71
5 1.90 0.81 @8.96
6 1.87 -33.77 8.77
7 1.47 ~-18.78 8.68
8 1.21 ~-46.76 2.56
3 1.66 ~44.26 0.93
18 3.86 -22,24 08.95
11 3.45 -29,81 8.92
12 2,135 -34.350 8.85
13 2.12 -68.10 8.96
14 2.12 -23.59 8.96
15 1.22 84.68 0.38
16 3.08 -75.89 8.93
7 1.69 34,91 .83
18 1,29 -69.36 0.49
19 1.31 35.13 0.67
28 1.72 -31.39 8.93
21 1.38 89.25 8.56
22 1195 -26054 9. 9S
23 1.88 -14.22 8.62
24 2.33 ~57.94 .84
25 2-46 -?-95 ‘.96
26 1.46 -61.82 9.85
7 1.70 -338.,37 - 0.63
28 1-26 -491 45 ‘- 53
2% 1.34 ~72.58 0.44
30 1.87 -37.73 8.€5
31 1.64 ~44.43 e.7°7
3 1.89 18.55 0.8¢
33 1.67 -8.78 8.72
34 1.47 -rS.14 8.78
33 1.45 =-25,93 .59
s 1.96 4,57 08.69
v 1.30 -63.88 0.7
338 1.81 -2r. 11 0.81
33 1.83 r.21 8.89
40 1.38 -22.67 .68
41 S5.41 -37.22 8.87.
42 1.83 -30.34 8.82
43 1.51 -18.97 8.59
44, 6.01 -43.92 0.91
45 1.46 -22.76 0.68
46 1.09 45,69 8.51
47 2.84 S.87 8.82
48 4.44 -68.21 .74
439 1.86 -27.36 8.75
18] 1.85 -22.21 .83
51 3.62 ~-98.99 0.90
52 4,27 -34.29 0.86
93 1.41 89.60 0.54
54 2.64 -52.14 0.89
55 2.02 ~30.04 8.66

Press (RETURN> when ready to continue
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SPEC!MEN REFERENTE..,...

T60XZ
ELLIPSE NUMBER AXIAL RATIO LONG AXIS ORIENT. CORREL.CUEFF.
1 2.16 -64.07 8.88
2 3.73 -49.02 8.87
3 5-18 -52-24 8l85
4 4.85 ~-45,92 8.99
5 2.08 -43.71 8.79
o &7 -62.53 0,96
7 2.46 -75.10 8.93
8 1.886 -46.26 8.99
9 1-81 -61-44 8193
10 1.79 -54.55 8.98
11 6.635 -60.19 8.99
12 3,16 -98.83 8.73
13 2.47 -52.18 0.95
14 2.38 -71.07 0.95
15 1.96 -59.43 8.78
16 2.38 -51-29 0.90
1?7 1.34 68.68 0.52
18 1.61 ~-65.30 0.95
19 1.74 ~-39.12 .95
20 1.46 -r3.59 0.71
21 2.359 -63.76 0.93
22 1.30 ~69.95 8.83
23 1.36 -42,.32 8.38
24 1.87 "'630 29 0. 36
25 2.49 -68.97 8.94
26 2.34 . =87.29 8.87
27 2.21 "55-65 °|93
28 2-?3 '51-16 .'99
29 2.95 -79.77 9.82
w 3.97 -41.53 8.98
51 2.27 -$4.50 0.80
32 1.81 ~31:13 0.24
33 2.78 -61.77 0.7
34 2.08 -85.50 8.9¢
35 2.29 -64.55 0.99
38 3.60 -58.22 8.91
37 2.19 ~-51.00 0,76
33 2.65 -62.66 0.85
33 2.88 -32.36 8.93
48 1.38 86.57 8.59
41 2.35 -40.81 0.88
42 2.66 -71.32 0.80
43 2.37 °7.13 0.99
44 3.98 -608.61 0.98
45, 2.80 -42.76 0.87
46 1.31 -39.58 8.63
47 2.10 -57.06 8.97
48 2.58 -39.30 8.81
49 2.22 ~?7.99 0.79
S8 2.28 -76.93 0.88
S1 1.65 -24.37 0.8S
52 3.08 -60.33 8.91
53 3.49 80.78 0.84
54 2.23 -25.20 08.86
55 1.71 -59l°9 e-el
56 1.73 -60.45 .72
57 2.56 -67.17 8.92
58 2- 62 -520 93 0. 99
59 2. 06 '70. 83 0. 78
60 4 -85.10 8.88

1.47
Press {RETURNH> when ready to continue
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Teaxy

54 DnTr POINTS
FLUCTURTION = 153
LOGHERN R¥ = 1.823
ORIGINAL ZERD = -34.448

TRY AN Rs ESTIMATE.....
Rs Ri = 1.2,1.45

YHMETRY.....
i 9
1@ 17

Hard copy now
Press <RETURN> when ready

T60Y2Z

55 DRTA POINTS
FLUCTURTION = 150
LOGMERH Rf = 1,959
ORIGINAL ZERD = 31.389

TRY AN Rs ESTIMARTE.....
Rs Ri = 1.65,1.70

SYPMMETRY ...
13 13
14 14

Hard copy now
Press {RETURN> when ready

*
ORIG ZERO

L1y

*
ORIG ZERO



T60X2

60 DHTR POINTS
FLUCTURTION = 87
LOGHERK R¥ = 2

. 306
ORIGINRL ZERO = 53.582

TRY AN Rs ESTIMARTE.....
Rs Ri = 2.1541.55

SYMMETRY. ...
14 16
16 13

Hard copy now
Press {RETURN?> when ready
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SPECIMEN REFERENCE.....

Te1XY
ELLIPSE HUMBER AXIAL RATIO LONG AXIS ORIENT. CORREL,COEFF.
1 1.58 -4,22 8.55
2 2.36 -41,00 0.88
3 1.41 -68.95 8.67
4 2.08 -47.18 8.95
5 2-51 -64-99 9.8?
6 1.86 -63.67 8.71
d 4,21 -69.56 8.97
8 1.26 -4?14? 9.49
9 1.44 -77.74 8.76
18 2.98 -43.38 8.83
11 3.55 ~38, 84 0.96
12 3.29 23.51 8.81
13 1.04 77.83 8.18
14 2.38 2,57 0.86
15 1.41 ~-41,69 0.74
16 1.86 61.40 8.84
17 1.44 -37.72 0.43
18 2.04 -63.69 8.70
19 2.13 -23.92 8.97
20 2.14 44.19 8.75
21 1078 -51143 0.82
22 2.54 -62.83 8.90
23 1,62 -21.71 8.78
24 2.43 -12.59 8.88
25 1.17 71.31 8.57
26 1.71 -44,93 - 0.81
27 2.30 44,359 8.95
28 1.67 -29,%55 9.69
29 2.73 -19.62 0.89
38 1.44 83.47 0.54
31 2.97 -28,15 8,97
32 2.83 -39.48 0.96
33 2.81 -66.45 9.86
34 1.51 -25.17 9.59
35 2.91 -42.42 9.83
36 4.49 -38.95 9.75
7 3.66 =3lier 9.86
38 1.68 -11.83 8.97
33 1.93 =-37.95 0.87
40 1.18 14.90 0.84
41 ‘-62 -28149 0.77
42 3.49 -44.41 9.97
43 2.92 -54-24 9-94
44 6.39 -20.06 8.97
45 1.35 -15.08 8,62
46 1.84 -45.89 9.92
47 2- 15 -82021 0-?1
48 2.35 ~37.41 8.97
49 1.64 ~34.59 8.77
S50 1.56 -66.34 8.70
Si 1.36 -13.082 8.73
52 3.21 -49,23 8.95
53 2.11 -12.91 8.91
54 1-45 -8n24 0.99
S5 2.89 -10.35 9.93
56 2.68 8.7 9.93
57 2.06 ~36.90 0.92
58 1-55 -4i99 9.81
59 2.21 24,50 8.76
60 1-56 -7.98 8.82
61 1.83 1.98 2.87
62 2.23 -29.083 8.63

Press <RETURN)> when ready to continue
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SPECIMEN REFEREHCE.....

T61YZ

ELLIPSE NUMBER

NBEWN=DIOME~JOU L WO

o

16

ANV =NNNNAION OO VR—=DBNL~JOONVNNOCOCRORBEDNARONNVNDWNNDUND e D e OGNS
= ANWONLEONOHODON=AOUNLNONOLTOBEWNTONVEAON=NOWLELVELAVNOADONNONONOUNR I~

RATIO

LONG RXIS ORIENT. CORRE%.COEFF.

Press {RETURN> when r;ady to continue
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SPECIMEN REFERENCE.....
TEIX2

ELLIPSE HUMBER ﬁXIﬂL4RﬁTIO
.02

WU & LIV e

=
~
&

G\gwJLG\WOIH\IN(JIN(JIQO*‘NO\NHW&(IN-O-h'O\lN\ING\OC’tNLIO-‘(Jl\IQC’tH'-ﬂDN
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1.55

LONG AXIS ORIENT. CORREL.COEFF,
73.94 7

5
Press {RETURH> when ready to continue
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81.81
84.53
-?5-61
55.67
40. 04
70.75
60.47
64.70
-87.12
83.24
67.76

'86. 56

73.96
67.13
64.40
-86.23
-86.06
69.82
79.36
97.86
~-86,9%
g80.7@
81.50
-89.17
67.14
81.26
58.83
rS.27
-49.93
73:39
84.84
84,37
53.49
80.01
~79.98
82.61
-60.42
82.24
77,11
75.855
70.03
82.68
85.09
84.39
79.79
81.78
81.96
?3.1?
73.04
83.43
83.26
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TeIXY

62 DATA PBINTS
FLUCTURTION = 163
LOGMEAN R¥ = 2.953
ORIGIMAL ZERG =  33.844

TRY AN Rs ESTIMATE.....
Rs Ri = 1.68+1.45

SYNNETRY.....
19 11

12 19
Hard copy now
Press {RETURN> when ready

T61YZ

57 DATA POINTS
FLUCTURTION = 61

LOGHERAN R¢¥ = 2.763
ORIGINAL ZERO = 19.308

TRY AN Rs ESTIMATE.....
Rs Ri = 2.58,1.45

SYMMETRY.... o
13 14
15 14

Hard copy now
Press {RETURN)> when redady
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T61X2Z 12

56 DATR POINTS 11

FLUCTUATION = 98 10

LOGMEAN R§ = 2.458

ORIGINAL ZERD = -80.008 -9
-8
-7

TRY AN Rs ESTIMATE..... »

RS Ri = 2-28]1-45 "'6

SYMMETRY.....
12 1S
16 12

Hard copy now
Press {RETURN> when ready

)
ORIG ZERO
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VITA

Jonathan C. Lewis was born on May 19, 1961 in
Washington, DC. He grew up in Bethesda, Maryland,
attending Montgomery County Public Schools through high
school. He graduated, with no particular honors, from
Walter Johnson High School in June 1979. Although the
Montgomery County School system boasts of its fine
reputation, he felt that he had no particular advantage.
After attending Davis and Elkins College in Elkins, West
Virginia for one year where he discovered an interest in
geology, he attended the University of Vermont at
Burlington where he found his educational background to
be suspect. Nonetheless, he graduated with a B. S. in
Arts and Sciences with a major in geology in May of 1983.
The next fall he began his graduate career at the
University of Tennessee at Knoxville. After getting
married and taking a year to work for the World Champion
Boston Celtics he was finally awarded an M. S. in

geology in June of 1988.
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