=
=
P!
=
[
N
—
c
=
=

- f oW
'EG U gg?eer;al;ly 20208 ° ()

Online | 4-8 May 2020

O3 UNIVERSITA'
[ - |

| — ]

cD

() a_~

2= ONVTIIN 1d

EOFT

-,

-.—

HE VICTORIA FAUI;'[, MAI:T

LOS"Andrea BISTACCHI ahd I\/Iattla MARTI

e O Laaae P LA R e r ator sl dahe. A

| Autho

. Maedaiin g

rs Ann




Geologicaframework Analysignethods Resultsand dataanalysis Conclusions

v

DigitalOutcropModel (DOM) P s structural,analys.is In the fielc

0 2550 100
e Veters

fracture «maturity»
= i [ Histogram (b) g i
/’\\\Scanlme 15.2-17.1 (EEHistogram Experimental data data
s analysis
] . ~a\ a . 's
ot ¢ doesit affectthe results”
e
\ )
~ %%

——

i -~ 2 barcodeandP,, plot of the damagezone

Fossen (2016)

—>

Frequency

PDF - probability density function

5

P10

0
-500 -400 -300 -200 -100 0

. 0 0 L AR, R LR L1 LI

=500 -400 -300 =200 -100 0




Purposeof the work

Analysignethods Resultsand dataanalysis

Conclusions

A Pelagiarplatform: foreland of the Appennine
SicilianMaghrebianbelt

A Twomainextensionalevents

A D1: WNW-ESEextension (20-17 Ma):
normalfault and Neptuniandikes,

A D2: N-S extension (7-1.5 Ma) and
formation of the coevalsetsENEWSW

and WNWESE

Normal Faults

ENE-WSW WNW-ESE

[ -

Tyrrhenian Basin

PT

rift system

- £3
[©) N-S &

Sicily
o~
7 (@) Scicli fault zone
4 (Grasso &
MT 7 Reuther, 1988)
lDZﬂ
g Maita (@ Medina
\ b Channel
Wrench
(Jongsma et
al. 1987)
Pelagian
g /)(
N “%,
N\ %
%

Tunisia platform
500 km N

Yy

More details in Martinelli, Bistacchil
Balsamo &Meda, JSG2019

Apennine-Sicilian -
Maghrebian
belt

ENE-WSW
e 0

% A |D
%,
i)

ON —
Victoria Line Fault 36°N

Malta

Main extensional
faults

Joints
WNW-ESE
—0




Purposeof the work Analysignethods Resultsand dataanalysis
(cc) (1
BY

Ma Age Lithology Member  Formation i3 pialt I 10km I
a
’ Messinian [riemmnlE S nn Gebel Imbark | Upper Coralline o ¢ Qa
o ——_———— e Or o . = Comino
272" Ghagn et ” “’
... Greensand SouthGo
(0-11m)
Y I o Blue Clay
(10 - 100 m)
13— ]
v
§ Langhian | © | © | @ }---——- Uppzer (ilsobigerina
.% (2-15m) ault
16 — Globigerina
Limestone
surdigatian [=—— T 171 Middle Globigerina . . .
(025 m) Lower Globigerina(Mig): Planktonic
20— foraminifers  Globigerina  with
Neptuniandikes
3 Lower
Coralline
Limestone

Chattian

Oligocene

28

\‘QA Xlendi (OX): limestoneswith a top
layer of  echinoids Scutella

subrotunda(calledScutellaBed,

More details in Martinelli, Bistacchi
Balsamo &8Meda, JSG2019




Purposeof the work Geologicaframework Resultsand dataanalysis

cc) (V)

FIELD ANALYSIS DRONE PHOTOGRAMMETRY ]

N

Definition of 7 scanlines
perpendicularto the Victoria Fault)

N
v Collect data: attitude of the

Image acquisition (drone)

discontinuities, openings and fiIIirEJ Photo alignment

J

N\ \

Sparse and Dense point clou

J/

&N

Orientation and kinematic analysis
J

3D Mesh and texture building Orthophoto

Sparse point cloud Dense point cloud



Purposeof the work Geologicaframework Resultsand dataanalysis Conclusions

452160 452180 452200 452220 452240 452260 452280 452300 452320 452340 452360 452380 452400 452420 452440 452460 452480 452500 452520 452540

A The4 setsof fractures,the VictoriaFaultand
the lithologies were traced on the
orthophotos

A Constructionof an «ideab> scanline(Azimuth
122°), segmented,and perpendicularto the
VictoriaFault(Azimut212):

Legend
fratture NE-SW
fratture WNW-ESE
fratture N-S
fratture ENE-WSW

== = scanline_frame_victoriafault N

scanline_victoriafault_N

24 scanlines 4 scanlines

O terrestrial scanline

3976980 3977000 3977020 3977040 3977060 3977080 3977100 3977120 3977140 3977160
3976980 3977000 3977020 3977040 3977060 3977080 3977100 3977120 3977140 3977160

0510 20
—— Meters

ARt

e 451360 451440 451520 451600 451680 451760 451840 451920 452000 452080 452160 452240 452320 4524( »
] 452260 452280 452300 452320 452340 452360 452380 452400 452420 452440 452460 452480 452500 452520 452540
~
~
3 S
o~
~
o >
o ©
o~
=
3 8
e
~
o >
o~ ©
S
~
~
[ =
el ©
g
o | Legend 5
g ™
K | "= == victoria fault N
2] =
® | litologia ]
g [L_vo 8 calculatethe intersectionsbetween
2 o ;. No|® I_b u I I | W
~ -
[ . o "
= s mron e i ! A fracture setsandscanlines
e e Veters 4
scanline victoriafault N 2

451360 451440 451520 451600 451680 451760 451840 451920 452000 452080 452160 452240 452320 452400 452480 452560 452640 452720



Purposeof the work Geologicaframework Resultsand dataanalysis
o

Two equivalent methods to calculapeogressive distancealong scanlines:
1. Pythagorean theorem and Terzaghi correction (1965)
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A Fracturelength statisticsfor the 4 setsandfor the terrestrial scanlines
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Statisticalanalysif the spacingex scanlinel):
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Statisticalanalysif the spacingex scanlinel):
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TERRESTRIAL SCANLINE Spatial distribution statistics Spacing statistics
method | lithology | scanline | X_min| X_max|n. data| trend test | pattern test u.nlform ?msson scan| mean |std. dev.|skewnesjkurtosis PLo exponentvlal d"St' CRme el Iognormal disE norm‘al dEt
dist. test| dist. test Xt y[Rvalue| a b p-value| p pvalue] p | | p-value
Terzaghi| mlg 1:0.00-15.50 O 15.5 62 | no_trend | no_pattern | retained | retained | 1a | 0.2541 0.22785 3.369§ 17.407 |3.9355 rejected 1.9677 0.12913 0.31072 -1.6452 0.78174 0.143§ rejected
Terzaghi 0X 1:15.5-17 | 155 27 13 | no_trend | no_pattern | retained | retained | 1b | 0.38054 0.32897 0.55061 0.3805%1 0.91012 1.0113 0.37632 0.9023§ -1.5361 1.3172 0.77493 0.38058 0.32897 0.87707
Terzaghi| mlg 2:0.00-17.2| 0 17.2 76 trend | no_pattern| retained | retained | 2 | 0.09108 0.0713§ 1.8463 rejected 2.0052 0.045421 0.37619 -2.6657 0.75185 0.52005 0.091075% 0.071362 0.057334

3 0.05328| 0.07661| 1.9459 0.02738] 0.60884 -3.21079 0.77985 0.79741 0.05327§ 0.044396 0.10065
0.18235| 0.07096| 2.3445 0.077771 0.57744 -1.93 0.73235 0.37791] 0.18235 0.13709 0.2760§
0.19911| 0.32611| 1.7164 0.116 0.35484 -1.9324 0.81721 0.3803§ 0.19911 0.16234¢ 0.1016§
0.05151| 0.24512| 2.2227 0.023179 0.853371 -3.2074 0.76424 0.83504 0.051512 0.03337¢ 0.88843

Terzaghi 0X 3:0.00-3.14| O 3.14 27 | no_trend | no_pattern | retained | retained | 3a | 0.05324 0.0444 1.7814
Terzaghi 0X 3:3.14-8.10| 3.14 8.1 13 | no_trend | no_pattern | retained | retained | 3b | 0.18235 0.13709 1.6582
Terzaghi 0X 4:0.00-7.6 0 7.6 25 | no_trend | no_pattern | retained | retained | 4 | 0.19911 0.1623§ 0.83854
Terzaghi mlg 5:0.00-1.60f O 1.6 24 | no_trend | no_pattern | retained | retained | 5a | 0.05151 0.0333§ 0.60767

Terzaghi (0)4 5:1.60-6.60| 1.6 6.6 15 no_trend [ no_pattern| retained | retained | 5b | 0.26444 0.1077§ -0.75436 2.602 | |3.7813 rejected 4.0289 0.065641 0.22827 -1.4593 0.60825 0.13347 0.2644 0.1077§ 0.65857
Terzaghi mlg 6:0.00-6.3 0 6.3 33 no_trend | no_pattern | retained | retained | 6 | 0.13748 0.11304 1.1087 3.912 [ 7.2736 O.13748| 0.42347| 1.3547 0.10149 0.60904 -2.3967 1.0353 0.25983 0.13748 0.1130§ 0.59243
Terzaghi mig 7:0.00-5.8 0 5.8 30 trend no_pattern| retained | retained | 7 | 0.11047 0.07513 1.5069 5.368 [E0524 rejected 2.2617 0.048843 0.8822§ -2.4401 0.78815 0.54175 0.11047 0.075126 0.31023
Dependingon the distancefrom the fault, we observe3
distributions(from the closest)with different skewness
A normal & [ Reta "
e ata E ;
xperimental data
A log-normal P
A exponential Mode 4
> 40 - v Mean
&
2 9
o il c .
E g Increasing number
20 A 8 of fractures
- '
0 : 50 100 cm 0 1 2cm
Joint spacing Fracture spacing

Fossen (2016
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SCANLINE VICTORIA FAULT Spatial distribution statistics Spacing statistics
lithology scanline maip X_min | X_max n. trend test| pattern test qniform I?oisson mean |std. devl skewnesd exponenEiaI qist. Gamma dist. Iognormaldlst norn?al dist.
start | end |scanling data dist. test| dist. test x |y R-value a b p-value U p-value U | | p-value
mlg [X 0.0/X 2.1 1 |-563.84/ -512.4| 75 |no_trend|no_pattern| retained| retained| 0.6951|0.56414| 2.2524 | 10.862(11.4386 | 0.6951|0.097651] 1.8087 | 0.38431| 0.81434] -0.66492|0.83296| 0.48041 rejected
mlg [X 2.2[X 4.1 -510.57|-450.52 47 |no_trend| pattern | retained| retained| 1.3054| 1.0095| 1.2194 | 4.1784[0/76607| 1.3054| 0.23981| 1.6462 |0.79294] 0.81881|-0.067006 0.91367| 0.66111] 1.3054 | 1.0095 | 0.055785
mlg | X 4.2 X 5.1 -447.49|-410.31] 44 |no_trend| no_pattern| retained| retained| 0.86454| 0.5996 | 1.0966 | 3.5776|[1.1567 rejected 2.1497|0.40217| 0.70741| -0.39583| 0.7644 | 0.82841| 0.86454] 0.5996 | 0.17034

1.6368[11.6291 | 0.61384| 0.558770.95001] 0.64614] 0.62669] -1.0993 | 1.2998|0.64707| 0.61384] 0.55263| 0.62778
2.1364[10.67721| 1.4766| 0.69968| 2.1701|0.68045| 0.83444] 0.14202 | 0.76778 0.95949 1.4766| 1.0604 | 0.59382

mlg | X 5.2/ X 6.1
mlg | X 6.2]X 7.1

-409.06| -400.46| 15 | no_trend| no_pattern| retained| retained| 0.61384{ 0.55263| 0.41536
-398.57|-385.28| 10 | no_trend| no_pattern| retained| retained| 1.4766| 1.0604 | 0.67944

mlg [X 7.2[X 11.1 -383.13-301.11] 93 | no_trend| no_pattern| retained| retained| 0.89155| 0.79469 1.3776 | 4.6219[11.1216 | 0.89155| 0.70964| 1.2818|0.69552| 0.95278] -0.55308| 1.0348 | 0.67238 rejected
mlg [X_11.2X_15.1 -297.43[-204.88] 82 |no_trend| no_pattern| retained| retained| 1.1426| 0.97363 1.8332 | 7.1381[[0,87518 rejected 1.6684 | 0.68487| 0.61679| -0.19537 | 0.85494| 0.62005| rejected
mlg [X 15.2X 17.1 -203.28]-155.54] 69 |no_trend|no_pattern| retained| retained| 0.70196| 0.64434] 1.7542 | 6.4307|11.4246 | 0.70196] 0.52685| 1.3188 | 0.53226| 0.92626| -0.77866| 1.0128 | 0.76063 rejected
mlg |X_17.2X_19.1 -154.46| -104.15| 58 | no_trend| no_pattern| retained| retained| 0.88259| 0.87516| 1.8564 | 6.2161 11133 [0.88259) 0.84288| 1.2182| 0.7245(0.87143 -0.58848| 1.0499| 0.7926 O.88259| O.87516| 0.053061
mlg [X 19.2X 20.1 -100.54 -33.04| 111 | trend |no_pattern| rejected| retained| 0.61362] 0.59063| 2.5834 | 11.351[11.6297 | 0.61362] 0.097139 1.4842 | 0.41342| 0.63845| -0.86163| 0.90676| 0.46237, rejected
mlg |X_20.2X_21.1 -31.46| -5.89 | 53 trend | no_pattern| rejected| retained| 0.49164| 0.468 | 1.9739 0.49164| 0.65624| 1.3679|0.35942 0.67454] -1.1181 | 0.95787| 0.90237 O.49164| 0.468 |0.072445
mig/ox |X_20.3X_22.1 -32.07| 19.98 | 123 | no_trend| no_pattern| retained| retained| 0.42668| 0.34777| 1.4815 0.42668) 0.053169 1.5485|0.27554| 0.99306| -1.2081 | 0.92711| 0.75738 rejected

48.64 | 70.74 | 22 |no_trend| no_pattern| retained| retained| 1.0526 | 1.0837 | 1.5069 | 3.9497 @5007 1.0526| 0.79409| 1.2805|0.82199( 0.64632| -0.38758( 0.95628| 0.95897| 1.0526| 1.0837 | 0.08243
-7.73 | 16.89 | 74 |no_trend| no_pattern| retained| retained| 0.33716 0.24261] 1.276 | 4.6283| 2.966 |0.33716]0.054613 2.0189| 0.167 |0.94883 -1.3549 |0.78335| 0.87896| 0.33716 0.24261| 0.097448
0.33 | 44.31 | 99 [no_trend|no_pattern| retained| rejected| 0.44874| 0.41898 2.2294 0.44874] 0.10223| 1.5001|0.29914| 0.49982| -1.1703 [ 0.89387| 0.64906 rejected

ox |X 23.1X 24.1
mig/ox [X_21.3X 22.2
mig/ox |X_21.4X_23.2

oX |[X_22.4X_23.3 20.12 | 43.42 | 39 |no_trend|no_pattern| retained| retained| 0.61305 0.60628| 1.5206 | 4.7755(F11.6312|0.61305 0.98049| 1.0986 | 0.55804] 0.90976 -1.0091 | 1.1493| 0.8162 O.61305| 0.60628| 0.098845
0X [X 23.4X 24.2 45.07 | 67.1 | 34 |no_trend| no_pattern| rejected| retained| 0.66751| 0.79571| 1.9198 | 5.9402 ['1.4981 | 0.66751] 0.39283|0.99743]0.66922| 0.39481| -0.98308| 1.1124|0.97662 rejected

Rlrr|lolo|lo|rkr|r|r|k|R|R|Fk|F|F|F|~

ox |X_24.3X _26.1 66 136.57| 72 |no_trend| no_pattern| retained| retained| 0.99393| 0.93144 1.5258 | 4.9142[[1/0061 | 0.99393| 0.62677| 1.2752|0.77944] 0.64303| -0.44689| 1.0117 | 0.78848 rejected

. m 12 23
Scantine 0,021 ST | Scantine 2.2-4.1 [SRCEEL, o scaniine 4.2-5.1 (SRR por Scantine 5,261 150 oy 0 ]
o1 Scantine 6.2-7.1 =2, scantine 7.2-121 S5 Scaniine 11.2:15.1 *) Sconline 15.2-17.1 [ Scanting 17.2:19.1 | AroutunA PO
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Acomparison betweei,, values and the barcode plots !
fleld scanlines with those from photogrammetry 0
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Crosscuttingg abutting relations between set A and B
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main fractures suiparallel to the Victoria Fault,
NESW and ENB/SW :
subdivision E average spacing 0.98 m

into 2 sets N-S and WNWESE secondary fractures, average spacing 3.17 m
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[HsetA: greater variability
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Conclusions
(o

deformation evolution based on spacing distributions (e.g. according to Rives et al. 1992).

negative exponentia log-normal normal
(initial phase) (intermediatephasg (final phase)

increasing deforma-
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20 4 oy of fractures . .

: observed according to the distance
Fohkaliit from the VictoriaFault
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Joint spacing Fracture spacing

Fossen (2016
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cc) (V)

analysis of the «maturity» stage of fracturing using the mode/mean ratio (Rives et al., 199z
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DigitalOutcropModel (DOM)

y

4 setsof fracture:

NE-SW

medium spacing: 2.84 m 0.81m 1.45m 1.10m

b always considering the survegale



