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Shape Preferred Orientation (OCW-UN-SPO) Launeau P. 2017

This application of the intercepts method in grey levels to the Adamello Batholith use one of the sites
of Anne Schopa thesis used in the following publication.

Schopa A., D. Floess, M. de Saint Blanquat. C. Annen, P. Launeau (2015) “The relation between
magnetite and silicate fabric in granitoids of the Adamello Batholith”. Tectonophysics 642 1-15.

It is a step by step tutorial of Intercepts2003 and Ellipsoid2003 programs from 2D image orientation to
3D ellipsoid calculation with precious warning on false interpretations.

The site 11AS11 is a tonalite made of dark hornblende, intermediate grey quartz and white plagioclase
presenting local heterogeneity well explain by the comparison of large field image analyses with small
block sample section analyses.
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This image displays all necessary information:

» Sample number 11 + section label A. See
11AS11 site location in Schopa et al (2015).

* Scale in cm

 Strike X (N 164) of the image plane
perpendicular to the camera lens constituting the
axis Z

* Dip Y (18) taken in the direction X + 90 (W)

With angle in degrees.

164 W 18 = 164 /18 Y dip at + 90 of X on normal plane

The strike of 164 degrees from the N, dipping
towards the W with an angle of 18 degrees
becomes in the right hand rule, clockwise
orientation system ¢/ 0 : 164/ 18

For image analysis purpose, it is necessary to
complete the orientation with the indication that Y
is at +90 of X.

Camera
AN

on computer sereen Wlthil’l the lmage X IS: _> Ximage 89
y -1
" Default X; .. 0
efault X, .
[Y] w=y.+90 fmage Yimage 1S Ximage+90
image strike, dip : ¢, 0
[X]is ¢.8.0

See course 2 page 14 —> Default Y, 0 3
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X
This 2" image displays all necessary information: mveneW ﬁormal dip

* Sample number 11+ section label C. See 11ASI11 site
location in Schopa et al (20]5) 302SW76 = 122/76 Y normal dip at +90

e Scale in cm of X on inverted plane

» Strike X (N 302) of the image plane perpendicular to the '
camera lens constituting the axis Z

* Dip Y (76) is reversed as shown by the inverted dipping
sign and taken in the direction X + 90 (SW)

The strike of 302 degrees from the N, dipping towards the
SW with an angle of 76 degrees presents a normal dip
direction Y at : 302-90=202 degrees, on the left of X (X-
90).

In the right hand rule, clockwise orientation system ¢ / 6 the
dip direction Y must be on the right. To do so we take the
opposite strike 302—180=122 which put the dip direction on
the right of the strike and finally gives : 122 /76

For image analysis purpose, it is necessary to complete the
orientation with the indication that Y is at —90 of X.

Warning: the geographic dip direction Y is on the right of Within the image X is:  Xinage 274

the geographic strike X but it appears on the image inverted

plane on the left as X;,,,,. Which is at 274 degrees. So, X, .

is at 274 degrees and Y. is X; _—90 within the image. Yimage 18 Ximage—0

image image
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Let now start the program Intercepts2003 E

%

And click on the “Open image” button

A standard dialog box appears for the
selection of the bitmap image on your
system.

Il

-
27 Intercepts

File Preprocessing (phase A) Example Opticn Help

Image |
ITC |

By default it starts on bitmap (*.bmp) files,
but you may select instead Jpeg (*.jpg),
GIF (*.gif) or TIFF (*.tif) files.

After the validation of your file the image
appears in a new window.

Warning, do not confuse:

*the number X of pixels in a row, which gives the
ordinal number Xi of a column or pixel in that
oW,

*with the default direction X of the image
indicating the N.

Do not confuse either:

*the number Y of rows, which gives the ordinal
number Y1 of a line or row of pixels in the image
*with the default direction Y of the image
indicating the E.

Title |
DpeniTe | oo I o I I & Pant Ewase  Draw
rof Rows i —
Sawve ITC Image width 1 R T M Lire width —1 -
> 0 . Meazuie .
- > DI [isl) wnit |Cm v ’1_ﬂ Gi | | | Copy 1 -
hide | refiesh Secale bar selection ¢ Bi | | image 24

image scr2en phass

Frarme:

Intercepts

X, Y default image
orientation respectively
parallel to N, E

Y lines of X pixels

column

x5 x; xl4

row » X

mm X]

on computer screen

v, =0

/ N

Ve

T Ty
/
y
N

— [Y]
v =y, +90

/
Yi2 —

image strike, dip : 0, 0

Y image
Y

See course 2 page 13 and 14
5

See course 4 pages 4 and 5
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The maximum image size is 3000 by 3000 pixels so you
may need to zoom out to visualize the full image on your
screen Xi, Yi are coordinates of the current pixel at
mouse location in the image and Ri, Gi, Bi
are intensities, or grey levels, of each channel
red, green blue. Identical values in all

channels characterize greyscale images.

File Preprocessing (phase A) Example Ogtion Help

Image |G:\Cours imagerie\&pplicationsy114511telaind. jpg
ITC

Tite v
Mbrof Columns = [ 3648 =i [ 12 [ 12 @ paint ¢ Erase (" Draw

Open ITC MNbrof Rows Y [ 2736 i |_553 [ 565

Save ITC mage widh [1  Ri [T [ — | trewidh  —1 -]
Open image Me::il:re IK vl ‘I_f Gi[730 [ 130 | Copy | zoom

Bi _138 136 | image detail

1Mage  soresn phasz

hide | refresh Scale VBN selection

Intercepts Frame

Zoom out / 4

1) Click on this button to select the
scale bar on the image.

You may select another scale unit here
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2) Click on the scale graduation 0, hold down the
left mouse button and move the cursor to the
graduation 9. Then release the mouse button.
The Image scaling pop up. Click on OK to
continue with the next step of image scaling.
Default button captions use the system language.

: 9| lmagealing | A u1

3) Enter the size in cm which
corresponds to 1568 pixels: 9 cm in
this case.

Conversion of 1568.05 pixels in cm 7

Annuler |

OK N

Width i cm of 196305 pikels 7

0K

File Preprocessing (phase A) Example Option Help

Image |G:\Cours imageris\Applicationst114511teraind. jpg

~
ITC Image orientation {angle of X) ﬂ
Title

Nbrof Columns < | 3648 40 | 3404 | 3404 4 pgint ¢ Erase ¢ Diaw

OpenITC Mbrof Rowsy [2736 Yi[ 16 [ 16

— | o Confirm angle of X:90° 7
Save ITC Image width [20338 i (a3 [ @ Colar | Line width _IE
: M — .
Open image e;:il:re I'Cm ,I 1 ﬂ Gi[ 124 [ 124 Comw —

hide | retresh Scale bar selsction ¢ Bi [ 144 [ 144 image |~ gets
image screen phass

Intercepts Frame

4) Click on no since the cm scale
is not aligned with the strike 7
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Conversion of 1484.26 pixels in cm 7

; OK I Annuler {ﬂ

&7 Intercepts

Example Opticn

| Phase of csD Mage or|entat|ona
the maszk W IS w0 -
5 |1 IWI IF‘as

File Preprocessing (phase A) Help

caption colar area

¥ & |phase & <]
35 g Circular
[Eic il Start count | angulaie 2 % I9 I il
o < & Hide Line int. J |4 vI 1) exatan [
O E s " Lines Filtre size Im _|| 1566996651
= F K4 " Pivels €| scale ———— g
I- G £ B ID_-I cm I I Livwe width
I H |54l Tenzar Print Copy I

fir

5) Click again on the Scale bar selection (see p. 6).

6) Click on the beginning of the red arrow, hold down
the left mouse button and move the cursor to the end
of the arrow. Then release the mouse button. The
Image scaling window pop up. Click on cancel to skip
the conversion of pixels in cm.

6) The Image orientation of X window pop up. Click
on Yes to validate the angle of X in the image: 89 in
this example.

7) Then Image orientation of Y pop up. Click on Yes

to validate Y at X+90, on No for Y at X—90 or cancel.
===

Image orientation (angle of X)

It is also possible to enter all
value directly without using
the Scale bar selection option

Confirm angle of X : 89° 7

Y is on the right of X (X+90)? (no if it is on the left X-90)

| Annuler |

Kimage 18 nOW at 89 degrees and Y, is at 89+90 in the image

image

Default X g 0 > Ximage 89
% 8
Default Y, . +90 Yimage t90

image
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&7 Intercepts

File Preprocessing (phase A) Example Option  Help

Resize the
image

=R

|nterceptz Frame

Since the cm scale bar should not be taken in the
image analysis click on Frame tab, then click on the
first pixel of the image and hold down the left mouse
button until the last pixel of the area of interest
window whose coordinates appear in their respective
box: first upper left and last down right. Release the
mouse button and click on Resize the image to do it.

You are now ready to start the image analysis.

Border of the image

Border of the area of analysis
by using filter size of 10 pixels
to count the intercepts. This
define a margin of 5 pixels
around the image borders.
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The program Intercepts2003 works by default on

classified images with a maximum of 8 classes File Preprocessing (phase A) Example [ Option] Help
(from A to H). So, click on Option in the menu and [iylevel mercept v English
. . A F 1
select the Grey level intercepts mode of analysis. N — e
v Grey level intercepts
(See course 5) - without edge detection cente%lg
- dark edges of one grey phase
You may click on H to calculate and display the Fougr | 101 °m |1 v]lrewan
. . Tenzor Prririt Cay
greyscale image histogram. ntercepts
&7 Intercepts u

File Preprocessing (phasefh) Example Option Help

-~ Grey level intercepts N\ Phaze of ) Image orientation
Meangrey 1125 o 374 threshold! I the: mask ’4—| |]7 * IW by I@
e — | %4 |2 — Select the number of sub-windows in X columns
Start count angulaire"lq‘ I9 LI r area d Y Th h . b b
L A O R and Y rows. ['hen, the comparison between sub-
- bnes | Fissizs [ig o] Tesessassy windows results will allow to check the invariance
o] 07 o [T x] rewen of the results by translation of the sub-windows of
Tensor Frint | Copy | 1 .
Image Intercepts Frame ana ySIS'

Move the mouse cursor [ =z

over the histogram to First sub-window
display the count in the y AR 0
its corresponding grey

level class of histogram.

Columns X / 4

7

RowsY /2
Move this cursor on the

image to visualize its
grey level in the
histogram.

Second sub-window £ieaeE 3 v

10
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S |
o Selection of the angular step o

used by the rotating grid of
analysis.

Interline distance J between lines
of analysis. The distance along
lines / is always equal to 1.

Intercepts counting filter size
(default is 10).
See course 5 page 1

Then click on button Start count to
run the analysis
V]mmephzl]ﬂi A =)

Ready : Click en Fourier or Tensor to display results

File Option  Help

— Grey level intercepts I Fhase of
Meanqgrey 1125 © 374 .threshold!

Preprocessing (phase A) Example

Selection of the grey |
level detection of
intercept: 50

Circular
area

2 angulaire

A difference between FrT e e |

two pixels greater or  Lines Fillre size: Im W 1365298631 Welght of the
£ Pisels % crale - ‘

equal to 50 grey m IF cm I'I vl Litee width m ercep S

counting filter

Frint Copy I

levels is a boundary

Option visualizing the intercept detection

Display the results with Fourier series analysis Like for example with intercepts in and out in green and red

Fast calculation of rose by inertia tensor method p. 14 The Detail window is available in the tab Image .
(see also course 4 p. 14)
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Results with Fourier series analysis

Draw the intercept boundaries on the top of
the image; alone (V); delete them (X)

\

There is only one phase when processing the data in grey levels
/

Fourier senies analysis of intercepts \ / @
. Analyzed phazes azk . . _ .
: : 0 Analysis Filter size Wersion [ 2
Rose diagram selection R Intercepts * count K i 10 pinels 2
. . g K g (* Traverses o ™ envelop o window ey levels <256 [ Fiter [1368998631| &0
Wlth dlSplay OpthIlS E (" Directions ¥ Sub-directions ntercepts map | W X |,&ngu|a[e Step Ao ’9— L!ne J ’4—
5 - ’gh ’.7.+Db_’_ rases { makimum v D'S':"?” 4] ™ Scales [T00573 cm / pisel  [174.7 pivels 7 om
aratristic Ubject aphion a#l Analyzed area [outside mask) ; |219.8 cnf
Draw the roses on the — - G| | wmi|[f [ image scale 2k Modal fractian ‘?4’ 0.0 A
image; with phaSGS in (M) Mean intercepts count (g, [224856.7
i Mean total diameter 1y [1287.317 cm
grey; on the tOp Of noon < Intercepts count / length unit. A7 [5.856 cm-'
intercept boundaries; ) Intercepts count / surf. area unit N, 1022348 cm?
hit 0000 | Fourier power spectrum Mean length of intercepts 7 [0.171 cm
on a winite Perimetre, boundary length - 4044 225 oy
background with 1000 - For each sub-window Boundary dersity o, [18.399 em-f
C
metafile (wm | Anisolropy ﬁ Axizlong, a  short, b
h
dine- with || 100- pre RLDET  Ande  w w2
recording; wit For all the image K|006s e [IEEEY 669’
image scale 10 et pefimes Sy Frey  [i5ver
| InterceptsY Yength urit N; [5.668 cm-' [.046 cm-'
14 ean length f intercepts I_ 0176 crn 0165 cm
Scaled lengthpfint. 7+ 4/ [0 IWIW
| 0 T T T T T T T T 1 Imertia Qf e 4% 5 L= 4
| o 2 4 B B8 10 12 14 16 18 20 R o |wErar  [i225em D21 cm

Selection of the number of harmonics used
to rebuilt the rose diagrams

6 means that we sum all data from 0 to 6
and 8 to 20 are a blank noise

Anisotropy given by the 2nd
harmonic (see course 4 p. 16)
and inertia (see course 4 p. 14)

Full shape ratio using power spectrum
from 0 to 6 (see course 4 p. 17)

Angle calculated from
the X orientation of the
image for exportation to
Ellipsoid2003.exe

Size adjustment
assuming that objects
are ellipses (not
appropriate for
rectangular objects)

12
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Results with Fourier series analysis

Mean length intercept rose diagram or rose of traverses For exportation of the data to Elliposid2003

Rose of traverses @
Results & &=0.2246 em b=0.2106 cm H=1_Ds?,15(5j€9°,ang|e><: 67.69° Hl@gEt {33 Elipsoid | ) )
clck :
. RS I Draw the 1ptercept boundaries on the
M 4501 _Csses G| top of the image; alone (V); delete
0.218 cm them (X); with classes colour; with
classes in grey
Image plane is 164 / 18
Ellipse is 164 / 18 / 68 with R=1.07
Image orientation X (corresponding to the strike)
Rr
Click with left button to
display the following buttons
Rose of traverses
I A a=0.2246 cm b=0.2105 em R=1.067 . 156.89° , angle X: £7.89°
(1156 Copy data
Copy image
tetafile

Roszes » ascii
I [ |01 em
—4

Scale \'Elnterceprs P “ / === h
File Preprocessing (phase A) Example Option Help y
™ ey level intercepts————————————————— Phase of Image arierftation et Ve
. . . [ i = T e =
o is the image internal angle e S ; w,@.'“wﬁ;l_l el S =
Start count ar’\Qt.Jlaa\rsiEAu B j‘ | g'\rgcaulal % n

v (o — 89) is the pitch on the T e
image plane in the geographic St e R Metafile are compatible with Illustrator, Coreldraw, ...
..... === om 1 <] eewian

coordinate system ¢ 0 . e | _pin |l _com | 13

Intercepts Frame




5. GAToulouse\11A51 terraind.jpg

This is a selection of possible
outputs of the results

Area with less thin dark but well
oriented hornblende and more
intermediate grey quartz

Area with more stocky dark hornblende

5. GA\Toulouse\11A51 1terraind.jpg

Intercepts map

Roses on image

Display with a line width of 4 pixels
to be visible on a zoom / 4
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Traverses inertia tensor ‘ E . Rose of traverses ‘ E
inettia: a=0.2224 o b=0.2085 cm R=1.066 156 55°  angle % : 67.55°  |L>Elipsod } A &=0224B om b=0.2106 om R=1.067. 156,83, angls < B7.85" Right | [>>Elipsoid |
ClCE,
- LA . r Foses - Rl
Classes | G (11156 »ASCl Classes | G

36
02712 cm

1157
0218 cm

| 0.1 em

The inertia tensor of the traverses rose diagram can be used instead of the Fourier series.
It is fully automatic and doesn’t required any harmonic selection. It is then useful for those who
are not familiar with Fourier series.

14



A a=0,2248 cm b=02106 cm R=1067 , 156.89" angle < E7 89"

1)156*
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Results with Fourier series analysis

H ¢ Click on >>Ellipsoid

Data format for Ellipsoide 2003

[5

[ ata format
™ zhape ratio
" +area
7 +denzity

Data

format —» = ;
selection

20 mean type
" tensaor
* Fourier ellipse

caption

2-D face<’] Orientation

shike | g4
dip | 18
pitchirake |

WWeight
= 1

image [#Y’] orientation

[%] direction on the [ plan

Copy farmat
* n zub-populations
data zectors to be

combined with each
others in Elipzoid2003

<

Groupe me__ -

[ iz

considenng phases a&

J01cm

4) Click on Transfer to transfer the data in that table

3) Click on Tab to open the table of output

1) Enter strike and dip
image orientation

2) Group of images to be
combined in ellipsoid

Use it to visualize each sub-
window in the image

5) Click on Copy to send the data in clipboard

Cd copy also sub-window positions for other purposes

Table | | | | | | | | N Coordinates of the
# strike dip rake long axiz shart axis weight flis] yo .
1 1a 164 16 46,331 0292344 | 0236919 i 72880 520,00 sub-windows not
3| 2a 164 18 67108 | 0212885 0187021 1 145760 620,00 used in Ellipsoid
a  aa 164 18 86,882 0202432 | 0180606 1 2186.40 520,00
4 4a 164 18 107174 | 0222036 0194771 1 2915,20 520,00
B 5a 164 18 3,148 0245641 | 0220170 1 728,50 1240,00
B &a 164 18 58134 0190721 | 0180309 1 1457.50 1240,00
7 e 164 18 77182 0187691 | 0175889 1 2186.40 1240,00
B % A 164 18 104323 | 0213017 | 0196718 1 2915,20 S ki

You may add a caption that will be printed between the
sub-window number and the code of image group

T

Click on S% to weight each

data to its surface area %

16
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6) Save your work with all
the orientations and the
image compressed in
“packbit” with 8 bits per
pixel (grey level or phase
color code)

-
&7 Intercepts ﬁ
| File Preprocessing (phase A) Example Option  Help

M Image |G:\Cours imagenehapplicationsh 114511 terraind. jpg

5 ITC |
Title |
Ooen ITC Mbrof Columns = | 3548 %4 | 3604 | 3804 @& Paint  ( Erase  © Draw
(5 Mbrof RowsY [ 1800 Y1 [1144 [ 1144 o
Save [TC Image width (203640 mi [ 74 74 Color_| Line vidth ~ —|1 ]
o M .
Open image e ,E‘ ’1_ﬂ Gi[ 76 [ | 0 Copy | =2o0m m
hide | Save your workgle bar selection Bi W’T IMage | detail 24
1 tmagz screzen phass ———————————
[174 23 &n- |DQDE?4D cm
Image; Intercepts Frame

]

Ellipsoid 2003

File ©Option  Contack  Examples (see Ref, 2} Rotation [xve]
; Calculation
: : Numnber of section |3 v rmean L
7) Then Open ElhpOSOld.exe display section # —J [~ %WITH measured scale fackar [v frean L Hel
[F=S — [v WITHOUT measured scale factar |:|
symbol o - | P : Cuit
Data format Combinations E d:lzlanﬁ; {;]ehsl]e[st]iu v Dk el
/2\ ™ shape ratio r F!Etatinn Faste Load
- " +zurface . Add Bedding
) shiike i
- +denS|ty dip | 0 Test sectiohs
{* long & short axiz pitch/rake | Copy results Save
Table H
# | stike | dip | rake | longass | shotakis 1] weight with | without | efah)
Table for input data 12 12
e ) S B——

Table of comparison

between shape ratio r and
orientation rake of input 3

data and output results for
each image section
(number, azimuth, plunge)

Results 1 with scale factors; 2 without scale
factors; 3 with simple averaging on perpendicular
sections. e is an error estimate given by the vector
linking input and output long axes

Table of 2D ellipse
incompatibility
with 3D ellipsoid

17
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]

8) While intercepts data are in the clipboard,

File ©Option  Contack  Examples (see Ref, 2} Rotation [xve] . .
Number of secion [3— y| | Caleulation neant—— click on Paste for the first image
display section # [ [~ %WITH measured scale fackar [v frean L Hel
(=D f— v WITHOUT measured scale factar |:|
symbol o - | P i 0 7 Table X
Y p b : . - . .
D ata format Combinations | display [P 2] L # stike | dip | rake | longasis | shotasis 1] weight
) [+ pole of the sectic+ v P Load
™ shape ratio i aste 04 1 T B 164 18 46,331 0292344 = 0238919 1
™ +zurface stike ’T Add Bedding 2 28 164 18 B7.108 0.212886 0187024 1
 +density dol g P 3 34 164 18 86.352 0202432 | 0.120606 1
& long shott s sitchiiake I 0 4 44, 164 15 107.174 0222036 | 0194771 1
Copyresults | Save —> 5 B & 164 12 3,148 0,245641 0220170 1
5 B4 164 15 58134 0190721 0180309 1
. 7 74 164 15 77182 0187691 0175889 1
9) Go back to Intercepts2003 to load next image ] ga 164 13 104323 0213017 0196718 1
Data format for Ellipsoide 2003 [ ...
[ ata farmat 2-D face<’] Orientation
i zh Li strike
~ i;g: e dip | 11584 image [ anentation Table ®
. 3 —_— # shrike | dip | 1ake | long axis | short awiz ﬂ wigight
i +denzit itchi/rake direction an the lan
FEEED i ) ¥l wrlp 1 1A 164 18 45,331 0297344 | 0,238919 1
+ shart - long axis . 2 2A 164 18 67108 0212886 | 0,187021 1
WWeight Groupe |4 - = . - .
E B ey = 3] 34 164 18 BEAE2 | 0202432 | 0180606 1
4 ~ teror Copy format 4 4 A 164 18 107.174 0222036 | 0194771 1
S ’ ; ; 5 5 A 164 18 71,148 024564 0220170 1
@ F I * nsub-populationz [ wiz = . - :
PUIETEIRSE o py,  Tab | Transfert consdering phasss s B EA 164 18 BG194 0190721 | 0,180303 1
v e - B i data sectors to be 7 74 164 18 77,182 0187631 0,175883 1
caption [ [: GambIfE LN e Bl 84 164 18 104323 0213017 | 0195718 1
athers in Ellipsoid2 03 5 1B 233 84 21,033 0255225 | 0,236516 1
10 2B 233 a4 £9,383 0231758 | 0218821 1
. . . 11 <X 233 a4 79.430 0234461 0217089 1
10) Go back to Ellipsoid2003 and click on Add for all 12 4B 233 84 B85 | 02BBEE7 | 0,248884 1
. . . . . 13 5B 233 a4 19,797 0.255261 0,236882 1
following images and repeat the operation until the last image 14 6B 213 4 818 026562 | 0211807 1
15 7B 233 a4 57,385 0224815 | 0,214955 1
Ellipsoid 2003 16 8B 233 a4 46.8M 0257021 0,240650 1
File Option Contack Examples (see Ref. 2) Raotation [xvz] 17 1C 122 76 120,700 0.463343 0303722 1
e —> 1= 2C 122 75 113,727 0300534 | 0,225036 1
Number of section |3 mean L 19 3c 122 76 106635 | 0265071 | 0213343 1
. . —J [ WITH measured scale factar v /mekn L = g 5 5
dizplay zection # % WITHOUT o scale fact Help 20 4 C 122 7B 123777 0314284 0237607 1
/‘L smbol [0 <] e| v MEasUIes soals factar Quit 21 s5C 122 76 120466 | 07231947 | 01300856 1
¢ i ™ display [<] [v] [2] Delete 4l 22 6L 122 76 116,224 0208138 | 0179220 1
Dat format Lombinaions ¥ poleofthe sectics v | - 2 TcC 122 75 122482 | 0291153 | 0239400 1
™ zhape ratio r . aste 03
e R otation — 24 8C 122 75 121,932 0226607 | 0188581 1
reunace sike [ @ Add SEkiE LS 122 76 12080 | 0193104 | 0165927 1
I +densiy di Test zections
b |0
{* long & short axis pitch/rake | 0 Copy rezults Save 18
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; - 3 . . . . with without efab)
Ellipsoid 2003 X Click on Ellipsoid to display e
File ©Option Conkact  Examples {see Ref, 2)  Rokation [xvz] the ﬁI‘St result and ﬁ :g;
Murnber of section [3 ﬂ Caleulation mean L . . % 19131//
_ - [~ WITH measured scale factar v /mean L Click on Save it before 4] 25
dizplay zection # Help 74 243
— v WITHOUT measured scale factor ; . . —a S
sybol [0 =] p _ Qui selecting any option BT i
. [ display [x] v] [2] Delete all E 17%
Data format Combinations ¥ pole of the sedtics [ — e
O shape rafio t Ao Paste Ellipsoid 2003 = e
" +surface canen Add . [ 138 63%
' stiike IT File B8l S Conkact  Examples (see Ref, 2) 15E 17
" +density . T i 15| 1.3%
. o odie] oo Bt setions Mumt  Frangais n 3 20%
+ long & shart axiz pitch/rake | o Copu results disg v English DmLTTasr ﬁ 1;,54;4
ELLEVECP EL i
. . . . D  efsection/slipsoid) T Lk
Select the option A B C to process your data ending with this code - it T
defining 3 type of sections roughly perpendicular to each other NP e N 1
\ . T
e eSS S VEW VM3 HNE B2 I B : .
Calculation WITHOUT scale Factor ) Lz 3 Incompatlblhty index:
Caphart — smallest values best fit
Diigtribution M. faces Inverze Shape Matrix WEMT oy the elllpsmd
0.7a 25 4,234 -4 54E-01 -4.97E-01 with n sections per ¥¥Z sector
-454E-01 4657 6830
VE  48%  4FED 6880 4023
A B C f 22 ol rake 1ake 1 1 rake 2 12 rake 3 13 e3
By oo 955 546 2 RRAR T BT B T 490
Maorth 0,324 0e08  -0.490 Sl 54 | a0 1m0 sss | Tam 673 1088 4:szi
Dir. Coz. | East -0,393 0586 0708 A _; ;_i Eig 123 13017,12 H?g g;g 13:2 gg;
Down 0,881 0037 0507 G4 1640 180 | Bz | 105 679 1098 3:1£
W 7a  tean | 1a0 | 77z | 1067 679 1088 23%
M.LML 2562 2408 2057 gl 2o | tea0 180 | 1043 | 1083 B73 1088 51%
I 1098 1.032 0882 _wg 2B | 230 840 ?103 1823 ::; 1322 :g;
5. Wmf Trend 3095 2159 1247 A1 3B | 2330 840 | 734 1080 Ba7 1064 30%
B . N T2 4B | 2330 840 | 837 | 1087 537 1084 07%
C.Emp Flunge 534 21 305 l‘ 13| 5B | 2330 @40 | 198 | 107 587 1084 47%
3 T4l 66 | 2930 840 | 484 | 1070 567 1064 13%
Prirt AJC 1245 Fliinn 0,374 15| 7B | 2330 | 840 | 574 | 1046 587 1064 17%
A/BE 1064 P 1.254 B[ 8B | 2330 | 840 | 455 | 1.088 587 | 1064 | 14%
e T en ] 1207 | 1545 1205 1238 274%
B/C 171 T 0.43% g zc | 1ez0 | 7e0 | 1137 133 1206 1238
Foliston 2147 B95°  Lrake 924° Al—i 3:E 1290 | 760 | 236 1323 LT
< " 7| sc | 1220 7e0 | 105 120 1206 1238
g 60 1220 | 760 | 1162 | 1181 1205 1238
zall 7c 1220 760 | 1225 | 1218 1206 1238
N.L*M.L : normalized length (in arbitrary unit) times mean length (in metric unit) |5 af 25 o | 120> 116 =

Rake and shape ratio of Ellipsoid section T
With deviation e between 2D measure and 3D section 19




Ellipsoid 2003

Shape Preferred Orientation (OCW-UN-SPO) Launeau P. 2017

File Option Contack Examples (see Ref. 2) Raotation [xvz]
: Calculation
MNumber of section |25« mean Lj0,2312 %
display section & —J [~ WITH measzured scale factor [¥ /mean L 'Hel
AL — [v WITHOUT measured scale factor E
symbol |* - P : Guit
[ ata format Conbinations E d|s||:||a_l,; {;] v [Zt]_ - Stz =l
" shape ratio 1 active paie of the sachi Fazte Load
Ratation -
" +surface 576 stiike ’T Add Bedding
" +density Gissslv,., 2,590, ~ I P
f* long & short ax I? 15 | L[ - pitch/rake .{""ﬂ""""'cdwremng--...Sﬂ‘d'.‘r... i

3

— Mean length given by the input data

/mean L avoid overflow and facilitate the calculation of eigenvalues

Click again on Ellipsoid to calculate the ellipsoid with
 combination of the 9 sub-windows per section A, B, C
in 576 ellipsoids

Calculation WITHOUT scale factor

Caption |
Diigtribution M. faces Inverze Shape Matrix
0.75 25 4,294 -4 54E-01 -4.97E-01
-454E-01 4657 BBEO
JE 4.8z 4SE0 FS30 4023
A B C
Eigervvalue 3523 35988 G464
Morth 0,324 0,803 04490
Dir. Cos. | East 0393 0586 0708
Down 0861 0037 0507
MWL 2562 2408 2057
Mom.L 1,098 1,032 0882
To expoﬁ — SWml|  Tend 3095 2155 1247
the plot in CBmp| Plnge 594 210 0§
a metafile E— A/C 1.245  Flinn 0,374
A/MB 1.064 P1.264
B/C 1171 T 0,435
Foliation 214.7° 535" Lrake 5247
AL 1,294 #0271 Flinn 0624 #0802
AR 1097 #0118 P 1,303 #0275
B/ 1173 #0157 T 0285 #0544
JE A B C
I3 L 1123 1024 04872
+0.5% g 0110 #0044 +0029
ABC awes Trend 31271°  2231° 1298
diztribution Flunge 575
al thRA* -1
[ oo @02 Nz
M ATE [w =izplay 7
A7E ellipzoidz

3

1.00 110 1,20 130 140 150 160 1.70 1.80 190

F -1 T T T T T T T T P

1.00 1,10 120 1,30 140 150 160 170 1,80 140

The density calculation may 20

be time consuming
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Comparison between calculated ellipsoid sections

and ellipse measurements

Fl:
incompatibility
index between
all 2D
ellipsoidal
sections and the
3D ellipsoid

Mean F %5 :
incompatibility
index between
2D ellipsoidal
sections and the
576
intermediate 3D
ellipsoid

Section #7 : strike / dip

Click on this row to
display the data of this 5 A
section in the graphic -

2D measured Ellipse (rak shape ratio)

Calculation WITHOUT scale factor

Caption |
Diistribution M. faces Inverze Shape Matrix
0.7s 25 4,294 -4 54E-01 -4.97E-01
-454E-01 4657 BBEO
—> \f? 48% 4597E-001 EBA0 4023
A B C
Eigervvalue 3523 35988 G464
Morth 0,324 0,803 04490
Dir. Coz. | East -0.393 08586 0708
Down 0861  -0037 0507
MWL 2562 2408 2057
Mom.L 1,098 1.032 0,882
5. Wmf Trend 3095° 21859° 1247
. s Plunge 534" 210 05
Frint AJC 1.245 Flinn 10,374
A/JB 1.064 P 1.254
Copy B/C 1171 T 0435
Foliation 214.7° 535" Lrake 5247
AL 1,294 #0271 Flinn 0624 #0802
AR 1097 #0118 P 1,303 #0275
B/ 1173 #0157 T 0285 #0544
—>  JF A B C
3Tk L 1123 1024 0872
+0.5% g =010 #0044 £0.089
ABC awes Trend 31271°  2231° 1298
distibution  plunge 575 020 289
gl B8R AT4" +2RE
&2 =] w07 way e
M ATE [v display o
A7E ellipzoidz

Section § 7: 164,07 /18,077

[67.9°:1,09]

1.00 110 1.20

T T T
1.30 1,40 1,50\ 1,60

T T F
170 180 1.80

\

Check the consistency between the full ellipsoid and the mean ellipsoid of the 576 combinations
of sub-windows.

s

%

with | without | e[sh)

248

3A

44

BA

Alay

3B

10B

e

128

13B

4B

158

6B

17 C

18C

15C

20C

21C

22

23LC

24C

25C

11.7%
3.6%
5.6%

11.1%
9.3%
2.9%

EES
B.2%
1.7%
3.8%
0,3%
3%
1.7%
1.3%
2.0%
15.4%
7.5%
8.5%
5.5%
1.1%
5.6%
1.8%
25%
5,0%

Input data long axis
Long axis found on the
section of the ellipsoid
(F %2 =2.4% and e=2.3%)

21
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Warning: Be careful when using scale factor!

Calculation WITHDUT scale Factor %]

Caption |
Distribution M. faces Iverse Shape Matrix Inverse Shape Matrix
0,78 25 4,294 -4 54E-01-4,97E-01 0,78 25 5408 -4.29E-01 -3 57E-01
-454E-01 4657 BBE0 429801 4934 4018
JE  48%  457ED 6880 4023 JE 133 3ETEOQT Amie 417
[% A B C A B C
Eigenvalue 3523 35988 5464 Eigenvalue 3930 4712 5817
Moth 0324 0809 0430 Marth 0134 0582 0802
Dir. Cos. | East 40333 0586 0708 Dir. Cos. | East -0.318 0792 0522
Down 0881 0037 0507 Down 0938 0185 0292
M.L*.L 2562 2408 2067 Length 2426 2215 15934
Maorm. L 1,098 1,032 0882 Morm. L 1,100 1,005 0,904
5. Ww/mf Trend 3095 21597 1247 5. W/mf Trend 2929° 637° 14659
C. B Plunge  59.4° 21" 0.5 E. e Flunge  EB9.5° 10,7 170
Print AAC 1,245 Flinn 0,374 Print ALC 1217 Flinn 0,856
A/BE 1.064 P 1.254 A/ME 1.095 Po1.217
B/C 1171 T 0,435 Copy B/C 111 T 0,074
Foliation 2147 53.5° Lrake 9247 Foliation 236,97 o Lrake 739"
AN 1294 #0271 Flinn 0624 0802 A/ 1335 #0219 Flnn 0623 #0853
AR 1097 0116 P 1,303 20275 AR 1112 #0126 P 1,345 #0219
B/ 1178 #0157 T 0285 #0544 B/C 1200 #0123 T 02386 #0559
JE A B C JE b B C
375 L 1123 1024 0872 13.8% L 1140 1026 0856
+5.5% g 0110 20044 #0089 #136% g 20098 £0,043 20067
A_BC_ anes Trend 312717 2231° 1298 .t'-‘«_BE_ ares Trend 3384° 2642 18257
distribution  Plunge 575 0z 289 distibution  Plunge 755 104° 154"
gl 4555 574 +IB5 1 : — NP gl #5645 +45E 605 | 4 — P
Mo |2 - . . . [T oo |2 - . . .
ol 107 #1353 238 100 110 1f0 130 140 150 N0 170 180 190 gl 238" 1.3 4105 100 140 1.20 130 140 150 160N\I70 180 1.90
N 576 [w display o il 576 v display o
576 elipsoids 576 elipzoids

A strong F !4 indicates that sizes may be wrong

(no consistency between images)

alculation WITH scale Factor %]

[

N

/

N\

The full ellipsoid P’ is close to the mean P’
value of the 576 sub-windows ellipsoids

The full ellipsoid P’ is not close to the mean P’
value of the 576 sub-windows ellipsoids

Consistent P’ parameters Not consistent P’ parameters

22
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# shiike dip rake lang awis shart axis  [E3] weight
1 1A 164 18 46,331 0292344 | 0238919 1
7| 2. 164 18 E7.108 0212886 0187021 1
3 3a 164 18 BE.882 0202432 | 0.180606 1
4 4.4 164 18 107,174 0222036 0194771 1 ;
8 &5a 164 18 31.148 0,245641 0,220170 scale factor remains correct.
5 A 164 18 58,194 0,190721 0180309 1 ,
7 7 164 18 77082 01G7EI | 0175669 1 alculation WITH scale factos
8 ga 164 18 104,323 0213017 | 0196713 1 Caption |
- 1_B 233 24 21,038 206225 236516 1 Diiztribution M. faces Inverze Shape Matriz
10| z¢E 233 g4 £9.989 231788 218821 1 0,75 5 18.26 -6.74E+0C-E,15E+00
_ 11| 3=m 233 B4 79.430 234461 217083 1 — B.74E+00 1383 -B.23E-01
I Y 233 g4 B3.696 2, B5ES7 248884 1 JE 25.7%  BISE40C823E01 7558
EE R 233 g4 19,797 255261 236802 1 A B C
14 &R 233 g4 48.419 226562 211807 1 Eigenvalue 328 1182 2440
B 233 g4 57,386 2,24815 2,14955 1 Moth 0493 0283 0823
18| &@® 233 84 46,811 257021 2, 40650 1 Dii. Cos. | East 0381 0780 0497
Down 0782 0888 0276
: - : Length 5271 2776 1932
I:aptign| Section #9: 233.0° /84,07 21,07 1.08 (58,7 : 1.08) Mo L 1,730 0,911 0,634
Diztribution M. faces Inverze Shape Matrix S Wimf Trend 37.7% 26000 1489°
0.75 25 1.080 -1.15E-01 -1,26E-01 C. Bmp Plunge 51.4° 340  160°
A18E-M 1182 1746 : :
JE 48%  26E00 1748 1021 Pt | /L 2728 © Flin - 2062
A . c &/B 1,899 P 2.826
Eigervalus 0,834 1012 1387 Copy B 1.436 T -0.278
Morth 0324 0803 0430 Foliation  238.9° 4.0 Lrake 1255°
Dir. Cos. | East 0,333 0586 0708 :
Down 0861 0037 0507 A/C 3736 3827 Flon 3244 #4985
A8 2632 2604 P 4411 #7250
MLtL 1,009 0943 0,810 B/C 1483 #0103 T 0353 #0239
Morm. L 1,098 1,032 0.882 =
S.Wmf|  Tend 3095 2159 1247 V'? 4 8 L
CEnp| Plnge 4 21 WE f;;; L 2075 0853 0585
$83% g #1212 #0166 #0123
Print AfC 1.245  Flinn 0374 ABCaxss  Trend 3777 2806 1482
A/E 1,064 1254 distibution  Plunge S2F 3340 153
Copy B/C 1171 T 0435 S0 116 L2000
g Fe Ty 2R
Foliation 2147 =R Lrake 9247 a2 - - -
I BEE v display o
AL 1234 #0271 Flinn 0624 20802 BES ellpsnids + 8 hyperboloids + 0 4/ faces
A/B 1097 0116 P 1303 #0275
B/C 1178 #0157 T 0285 #0544 .
JE A B C e B
37 L 1123 1024 D@72
£55% g #0110 20044 #0089
ABCawes  Trend 31277 22317 1298 .
distibution  Plunge 575 020 289
gl 555 #574T #2265 1 ' ' : T : P .
Fee tlg a0r ass s 100 110 120 130 140 150 150 170 150 1.90 See hyperboloid in course 6 p. 9.
N 576 [w display o
576 elipsoids

The sizes of the long and short axes of the B section have been
multiplied by 10 to show that calculation with a wrong scale factor
in one section may gives false results whereas calculation without

Section #9:233,07/84.00/ 21.07: 1,08 [128.37:1.89)

VAP

T T T T T IF'I

1.0 50 100 15,0 20,0 250 300

The gathering of directions along A, B and C is due to an intersection
effect which force those directions to rotate towards the image plans
or their poles. Such error can be detected by anomalous standard
deviations, hyperboloids or strong F '2 (25% and mean at 37% here).

23



Summary of the field image analysis Window area of analysis

A a=02246 cm b=0,2106 cm R=1.067 . 156,85", angle x: 67,69

[1) 1567

Shape Preferred Orientation (OCW-UN-SPO) Launeau P. 2017

A 5=0.2434 cm b=0.2383 cm R=1,085, 134,76" , angle = 42,76° & 3=02744 cm b=02206 cm F=1,244 156.47" , angle = 117 53"

RER [1) 155"

0.1 em

0.006 cm/pixel

] 0.1cm |01 em

24
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Summary of the field image analysis

See page 6 that local variations of mineralogy, in the field plane A 20 cm wide, can explain the data scattering.

Calculation WITHCOUT scale factor

=

Caption |
Distribution M. faces Inwerze Shape Matrix
0,75 25 4,294 -4 54E-01 -4.97E-01
-454E-01 4657 B30
\j‘? 4. 8% -457E-01 BEED 4023

A B C
Eigenwvalue 3523 3988 5464

Maorth 0224 0803 0430
Dir. Cos. | East -0.333 0536 0703
Down 0861 0037 0507

R.LM.L 2862 2408 2087
Mom. L 1,098 1,032 0,882
5. Wf Trend 3095° 2159° 1247
Flunge 59.4° 217 s

C. Bmp
Frint a/C 1,245 Flinn 0,374
4/B 1.064 F' 1.2654
B/C 1171 T 0.435

Foliation 2147 B35 Lrake 9247

A0 1294 #0271 Flnn 0624 20802
A8 10597 0116 P 1303 20275
B/ 1173 20157 T 0285 0544

JE A B C

3.7 L1123 1024 0872

+5,5% g #0110 #0044 #0083
ABLC axes Tiend 21217 22317 1298
distibution  Plynge 57.5° 02 289

gl 555" #5747 +2ERT
Coe 2~ 5 G07 a3 a9

M ave W dizplay o
B7E elipzoids

1 T T T T T T T T F
100110 120 130 140 150 160 170 150 1.90

- T T T T T T T T F

1.00 110 1,20 130 140 150 160 1.70 1.80 190

The ellipsoid is planar to planolinear with planar sub-ellipsoid and planolinear sub-ellipsoid

Oblate
planar

Prolate
linear
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Summary of the block sample section image analysis ~ Window area of analysis

A a=01678cm b=01414 em A=1187 1522°  angle = 116,.22° & a=01629 em b=0,1617 cm R=1.007 . 13652", angle > 94,48 A a=01818¢cm b=01503 em A=1.208, 276" angle X BE.24"

[ ()13 [1)6"
[2]51*
]
|
1 ¥,
7
¥
L ry
! Tl -l
' <
:
T
i
]0.1 em 101 em |01 em 26

0.004 cm/pixel



Summary of sample section image analysis. Each section was oriented

Shape Preferred Orientation (OCW-UN-SPO) Launeau P. 2017

The sample section A area of analysis is ~ 6 cm wide which is ~30% of one field image.

Calculation WITHOUT scale factor

Caption |
Diztribution M. faces Inverze Shape Matriz
0,76 a0 6537 -9,73E-01-6E7E-01
47301 BAES 5/
u'ﬁ' 1.5% -BE7E-01 5791 5,768
A B C
Eigenvalue 5383 5575 73
Moth 0463 0585 0B
Dir. Cos. | East 0047 0764  -0E43
Down 0882 027 0386
M.LML . 1720 1E91 1423
Mom. L 1,072 1,053 0,886
S. Wwimf Trend 3542° 2325 1358°
C. Emp Flunge  B1.5° 15.7° 27
Print AJC 1,209 Flinn 0,096
AJB 1,018 F' 1.234
E/C 1.188 T 0815
Foligtion 225.8" E7.3°  Lrake 1071°
AL 1224 +0045 Flinn 0160 20121
AB 1030 x0022 P 1245 0047
B/ 1188 +0.036 T 0712 +0188
W A B C
1.8% L 1080 1043 0883
+2 RE g #0019 #0013 #0019
ABLC axes Trend 1.9 2345 1357
distibution  Plunge  89.0° 2010 2240
g1 E18°  +E1E R
e 2 v 5 wg w3 a5
M a10 v dizplay o
04N ~llimmmids

1

1.00

T
1.05

T
110

T
115

T
1.20

T
1.25

1.20

P

1

1.00

T
1.05

T
1.10

T
1.15

T
1.20

T
1.25

1.30

Oblate
planar

Prolate
linear

The main ellipsoid is planar like all sub-ellipsoids. If the axis C of the ellipsoid is well concentrated in one

direction the other axes A and B seem displaying a bimodal distribution on the plane (AB).
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Analysis of block sample sections Analysis of field oriented pictures

-1 T T T T T P -1 T T T T T T T T F
000 108 110 115 1200 125 130 1.00 110 1.20 130 140 150 180 170 1.80 1.90

The sample block displaying smaller sectional areas and a smaller volume, it gives the SPO of small
homogenous magma flow.

The field images analyzing larger areas forming a larger volume which display heterogeneous SPO probably
include several flows of magma.
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