NIZKOENERGETSKI SISTEMI: Vpliv na sedimentacijo:

KLASTICNE OBALE - dotok sedimenta

- obseg plime
- mikroplima (< 2 m)
- mezoplima (2- 4 m)
- megaplima (> 4 m)

- dejavnost valovanja

- pogostost nevint

- stopnja pogrezanja/tektonika

- klima

Siliciklasticni sedimenti:
- morske obale
....... — - plaze
- obrezja
- pregradni otoki
- plimske ravnice

buildup breaker surf swash]

Flat beds ¢ross-

Antidunes beds
Wave Rootlet

dunes Ripples

. Graded storm cone valovanja,

== f beds and -— Increasing Weli—sorj:e_d sand podokolja,
~ =P shelf muds bioturbation and Compositionally matur sedimenti in
Placer deposits ; .
e . ._.___u__,,.ﬂ_cj_?iffShore - ._.._._a__c.___EJ___.____, o] teksture VZdOlZ
' siliciklastiéne

obale



NIZKOENERGETSKI SISTEMI:
KLASTICNE OBALE

Pesceni nasipi in pregrade so najbolje razviti na mikro do mezoplimskih obalah
s srednjim do mocnim valovanjem.
| Plimske ravnice so najbolje razvite na makroplimskih obalah.

Sediments Environment

_ Dva glavna odlagalna sistema
Large-scale cross- Aeolian dunes i
bedded sands, possibly obalnih peskov:
with rootiets - sistem nasipnih pregradnih
otokov z lagunami in
Laminated sand in Foreshore p|ImSkImI kanali
truncated sets . . .

- sistem obalnih grebenov/ravnic

Parallel and cross-laminated,
and cross-bedded sand Shoreface
with swaley cross stratification - - PWWE -~ -

Hummocky-cross stratification
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Mudrocks with marine
fossils and thin sandstones

deposited by storm currents  Offshore shelf Skica zaporedja nastalega z
Bloturbation napredovanjem obale/
pregradnega otoka proti morju
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NIZKOENERGETSKI SISTEMI: _ r "] LAGOON

COASTAL

KLASTICNE OBALE WASH-
OVER
FAN
a-poenostavljena shema razvoja
SMALL . S

razlicnih plimskih sistemov v
epikgntinentalnem morju
(Se.v{emo morje)
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NIZKOENERGETSKI SISTEMI:
KLASTICNE OBALE

MorfoloSka skica razlicnih obal, z zmerno energijo valovanja
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(c} Microtidal
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delte



NIZKOENERGETSKI SISTEMI:
KLASTICNE OBALE

Wave Mixed Tide
dominated wave-tide ' dominated
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NIZKOENERGETSKI SISTEMI: Podokolja sistema obale s pregradnim otokom
KLASTICNE OBALE in laguno

Washover
fan Backshore -
" dunes Beach/

foreshore

Tidal flats

Back-barrier

facies Wave-base

Shoreface
sands




NIZKOENERGETSKI SISTEMI:
KLASTICNE OBALE

Nasipni pregradni otoki in obalne ravnice
Nastajajo v mikro- do mezoplimskih obmocjih (<3 m)
Stalen dotok peska in polozna obala - formiranje pregradnih otokov.
1 Za otoki nastane laguna, ki je z odprtim morjem povezana preko
plimskih kanalov.
V mikroplimskih podrocjih so plimski kanali Siroko razmaknjeni, v mezoplimskih
podrocjih pa so izraziti na na obeh straneh oblikujejo plimsko delto.

Visok dotok peska, visoka energija valov in nizka plima -
- ravnice obalnih grebenov (strandplain of beach ridges)
Grebeni so loceni z ravnicami v katerih so jezera ali mocvirja
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Sedimenti klasticnih obal:
- narascanje velikosti zrn proti obali

NIZKOENERGETSKI SISTEMI:
KLASTICNE OBALE

- zaporedje plasti z razlicnimi pogoji valovanja - sinusoidni valovi

odprtega morja so mocno modificirani v plitvem morju

- v coni razbijanja valov nastajajo pesceni nasipi in korita s proti obali
| usmerjenimi lunarnimi dinami in valovnimi sipinicami - nastaja koritasta navzkrizna

| plastovitost in navzkrizna laminacija

PRELAZNA

PRIOBALJE, ZONA POTOPLJENG ZALD - DONJE ZALD |

. ‘Srednji nivo plime
wm
ﬂw
‘Baza talasa

Srednji hiva oseke

GORNJE ZALO . EOLSKE DINE

..........

lepog vremena

P v v k b | | Zona . tz‘:[’"a P é .
eéena morska obala CON  Zona udamnih talasa  talase Zona gradenjs
zapljuskivanja _razhija¥a | {li plican‘a talasa

(Reading, 1978)

Cone transformacij valov pri obali

Shepard & Inman, 1950; Ingle, 1960




NIZKOENERGETSKI SISTEMI:
KLASTICNE OBALE

Sedimenti klasti¢nih obal:
- vV coni udarjanja valov se zaradi hitrih, plitvin tokov razvije
tokovna lineacija, ki ustvari plasti, ki rahlo padajo stran od obale
,,,, L - 0d obalne Crte proti morju so peski z navzkrizno plastovitostjo (humocky)
| nastalo zaradi nevihtnih valov
- proti globji vodi prehajajo v muljaste peske s sipinicami in bioturbacijo in
pescene plasti s postopno zrnavostjo (tempestiti) in ostanki Skoljk nastali zaradi

nevihtnih tokov

Terminologija obalne cone (Selby, 1985)

OBALSKE
_VODE__




NIZKOENERGETSKI SISTEMI:
KLASTICNE OBALE

Sedimenti klasti¢nih obal:
- proti kopnem - eolske dine z debelimi navzkriznimi plastmi orientiranimi
proti kopnem
,,,, | - lagune - v mikroplimskih obmocjih - mulji s klinastimi plastmi peska s

N !p—la—narno navzkrizno plastovitostjo zaradi nevihtnih prelivov (washover)

- v mesoplimskih obmodjih - plimski kanali predelajo pregradne sedimente
in migrirajo lateralno, ¢e so tokovi ob obali dovolj mocni

Pregradna obala (Selby, 1985)

Slane

modvare .
tntertajdalna
muljna favnica

Tajdalni
- nali .Obalske

Zapolnitve plimskih kanalov
so navzgor bolj finozrnati
peski z navzkrzno in hor.
plastovitostjo na erodirani

Peskovi - Sedimenti barijere i pOdlagl
potopljenog 2ala




NIZKOENERGETSKI SISTEMI: YT R vrep—
KLAST'CNE OBALE - LPONSGressing static
Sedimenti klasti¢nih obal: sediment rewored beact
- poplavno plimske delte =y
so prekrite z dinami in sipinami 2
. c . no sediment
- okoli lagune so muljasti preservec
in finopesceni sedimenti s
koreninicami in Soto v humidni klimi,
ter evaporiti v aridni
increasing
sediment
influx
Y
LINEAR
i : N CLASTIC
Razlicni tipi sedimentnih sekvenc ob klasicni obali: SHORES
1. kontinentalni aluvij <.z
2. lagunski in medplimski sedimenti o
e : LOBATE CLASTIC SHORES ( DELTAS)
3. barierni peski ‘ . .
. very high rate of sediment influx
4. odprti self | ! .




NIZKOENERGETSKI
SISTEMI: KLASTICNE OBALE

Kosa slojevitost sa korendicima

EOLSKE
PESCANE DINE

T

Zimska plaza: laminirani pesak, koncentracije
tekin minerala, lamine sa padom 2—5%a moru
Letnja plaza: mali plazni prud, plaimi klifovi;
laminirani pesak, lamine sa padom ka kxopnu
do 30° ks mory maksimalno 5°
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NIZKOENERGETSKI

SISTEMI: KLASTICNE OBALE

buildup breaker surf swash

Swell — ) ?,a_‘i-\i‘cp o
| éshof‘-’- == Aeolian

Flat beds cross-
FVWWE - - o o o oo o e e = ‘Antidunes beds
- " Lunate Wave Rootlets

SCS dunes Ripples

SWB - ==~ oo mm oo
HCS
== Graded storm | | |
— beds and . In_creasing Well-sorted sand
shelf muds bioturbation and Compositionally mature
mud offshore Placer deposits’

Valovne cone, sedimenti in sedimentne teksture vzdolz siliciklasti¢ne obale.




NIZKOENERGE
SISTEMI:

Zaporedje
nastalo s

progradacijo obale

ali pregradnega otoka
proti morju;

10m je tipicna debelina
takSne enote.

Coarsening-upward unit

Graphic log
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Sediments

Large-scale cross-
bedded sands, possibly
with rootiets

Laminated sand in
truncated sets

Parallel and cross-laminated,
and cross-bedded sand
with swaley cross stratification

Hummocky-cross stratification

Ripple-faminated fine
sands, much bioturbation

Mudrocks with marine
fossils and thin sandstones
deposited by storm currents
Bioturbation

Environment -

Aeoclian dunes
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SISTEMI: KLASTICNE OBALE
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NIZKOENERGETSKI
SISTEMI:
KLASTICNE OBALE

Litoralna in sorodna
okolja in reprezentativne
stratigrafske sekcije
pregradnega obalnega
kompleksa

a) blok diagram razli¢nih
podokolij

b) stratigrafski stolpec
obmocja za pregrado

c) stratigrafski stolpec
obmocja obalnih din

d) stratigrafski stolpec
obmocja plimskega
kanala
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(b} wud| sand
csvifmc
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flood delta
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NIZKOENERGETSKI SISTEMI:
PLIMSKE RAVNICE - WATT

V podrogjih makroplime (>4m
se razvijejo plimski grebeni in
obsezne

plimske ravnice.

AT

N
T
ST
R
Wbtidal zone R

Detritus, ki nastaja na meji med kopnim in morjem
Vv pogojih, ki se spreminjajo praviloma v odvisnosti
od dnevnega Casa.

Eaiian dunes

Supratidal marsh

Marsh
sediments

Pleistocene
\ limestone

Intertidal flat with active and
abandoned channels

Sediments of the
channeled belt

Beach ridge



NIZKOENERGETSKI SISTEMI:
PLIMSKE RAVNICE - WATT

Plimska ravnica

- neprekinjen prehod med poplavljenim in kopnim

- tokovi oseke so mocnejSi in krajSi

- mulj se nanas$a proti kopnem, pesek se odnasa proti morju
- zgornji deli plimskih ravnic so muljasti z leCami peska

Supratidal sabkiha

Pesceni valovi in
sipinice v spodnjem
delu plimske ravnice
preprecujejo povratni
tok vode ob oseki

in korita delujejo

kot drobni kanali.

Nastali povratni tok
je pravokoten na
tok plime, ki je Subtidal lagoon
ustvaril pescene Barrier island

valove.

Anhydrite




NIZKOENERGETSKI SISTEMI:
PLIMSKE RAVNICE - WATT
Teksture:
- drobne sipinice v koritin vecjih sipin ali pescenih valov (ladder back sipinice)
| - sipinice z dvojnim ali ploskim vrhom grebena
| - Intenzivna bioturbacija
- izsuSitvene razpoke v glinastem ali karbonatnem mulju
(bistveno bolje ohranjene v obmocju visoke ali nevihtne plime)

Plimski potocki:
- drobni, sinusoidni kanalCki s Stevilnimi pritoki, ki prinasajo morsko vodo na
plimsko ravnico v Casu plime in odnasajo nazaj v casu oseke
- hitra razSiritev od izvora do ustja
- meandrirajo, lateralno napredujejo tako, da ustvarjajo nasipe na konveksni
strani in izpodjedajo na konkavni
- meandrski nasipi: tanke plasti mulja, ki upadajo proti kanalu in napredujejo
preko erozijske baze, ki predstavlja dno potocka, v katerem so lahko ostanki
skoljk ali muljastih klastov

- moznost zdrsa pri strmih nasipih



NIZKOENERGETSKI SISTEMI: Plimska ravnica ob karbonatnem Selfu in platformi v topli, humidni klimi
PLIMSKE RAVNICE - WATT Zaradi relativno visoko energijskega okolja nastane veliko veéjih kanalov
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NIZKOENERGETSKI SISTEMI:

PLIMSKE RAVNICE - WATT Srednje (mezo) plimska siliciklasti¢na plimska ravnica

SALT MARSH - . L COASTAL PLAIR
s
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NIZKOENERGETSKI SISTEMI:
PLIMSKE RAVNICE - WATT

a) - sedimenti kompleksa
pregradnega otoka v mikro-
do mezo-plimskem obmocju
(odlaganje sedimenta zaradi
lateralne migracije plimskih
kanalov)

b) - pregradno otocje, ki migrira
proti kopnem ali morju
regresivna in transgresivna
sekvenca
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NIZKOENERGETSKI SISTE
PLIMSKE RAVNICE - WATT

a) - prehod iz globjevodnega
v plitvovodno valovanje
in odnasSanje (odplakovanje)

b) - kompleksne teksture
nastale zaradi spremembe
karakteristik valovanja
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NIZKOENERGETSKI SISTEMI:
PLIMSKE RAVNICE - WATT

a) - letni in zimski obalni profil

b) - sedimentne teksture v pescenih
nasipih

C) - idealizirana preseka obalne
cone z visoko in nizko energijo
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NIZKOENERGETSKI
SISTEMI:

PLIMSKE RAVNICE
- WATT

a,b) - dve stopnji
obalne erozije zaradi
odboja valov in
priobalnega transporta

C) - zaradi delovanja
valov spodjedena
platforma in erozija klifa

d) - premik peska v
obalni coni

e) - obalni grebeni in
pregradni otoki nastali
zaradi priobalnega
transporta peska

DEVELOPMENY
OF COASTAL
MORPHOLOGY

CONCENTRATION “Im S
OF WAVE ENERGY i oo™ 7o, 5
TOWARD HEADLAND Ny

LONGSHORE
SAND TRANSPORT

WAVE BASE SWASH
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NIZKOENERGETSKI SISTEMI:
PLIMSKE RAVNICE - WATT

Dokazi za vpliv plime:
- bipolarna navzkrizna plastovitost

— |_ - reaktivacijske povrsine
- leCasta plastovitost (in flaser bedding)
- izsuSitvene razpoke
- klasti mulja
- teksture, ki nastajajo kot posledica prekinitve zaradi oseke
- drobni kanalcki

Medplimska cona pescenjakov in glinavcev je v humidnih obmocjih lahko
povezana s tankimi plastmi premoga, v aridnih obmocjih pa z nodularnimi
evaporiti (sadra, anhidrit) in algalnimi laminiranimi karbonati

Plimske ravnice aridnih podrocij - sabke

- sestavljajo jih karbonati in evaporiti

- zaradi razli¢ne klime in biote se razvijejo specificni pojavi, kot so:
algne prevleke, evaporitne skorje ali nodule



NIZKOENERGETSKI SISTEMI:
KLASTICNI SELF

Muljasti (klasticni ali karbonatni) sedimenti plitvih epikontinentalnih morij ali
perikontinentalnih Selfov.

Znacilnosti rezimov dveh osnovnih tipov plitvih morij (Heckel, 1972)

EPIKONT INENTALNO
{EPEIRICKO) MORE

. -
, S N
Ay, e P
0 230 cm/km  40-200 crriliri/ N
300 km PLITKOMORSK| REZIM -~ SRELOM L



NIZKOENERGETSKI SISTEMI:
KLASTICNI SELF

Lateralno ekstenzivni muljevci izkazujejo minimalne litoloske variacije.
Pomembne so razlike med bioturbiranimi, s fosili bogatimi muljevci
~in ¢rnimi, bituminoznimi laminiranimi muljevci.

— Prisotne so lahko plasti skoljk, izolirane plasti glinavcev in pescenjakov
ter plasti vulkanskega pepela.
Pesceni nasipi so lahko prisotni Se ve¢ km od obale.

Delitev Selfa in procesi posameznih delov (Mooers, 1976; Brenner, 1980)
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NIZKOENERGETSKI SISTEMI:
KLASTICNI SELF

Sedimentacija -> razporeditev virov sedimentov

jakost virov sedimentov
— i— talni tokovi
Sediment -> reke Pogoji -> trensgresija
veter regresija
vulkanizem
grebenski karbonati
ledenisko delovanje

Periodi¢ni tokovi suponirani na preprostih reginalnih
- nevihtni vetrovi vzporedni obali
- plimski tokovi

Grebeni ali nasipi vzporedno regionalnim Selfnim tokovom

- veC€ km dolga in cca 10 m visoka telesa s sipinicami in dinami na povrsini
(imbrikacija v pescenih plasteh - proti morju)

Selfni peski ->oddaljena delta, transport ob nevihtah



NIZKOENERGETSKI SISTEMI:

KLASTICNI SELF Vpliv na sedimente $elfnega morja:
- plimski tokovi
- tokovi nastali zaradi vetra
- tokovi nastali zaradi neviht

PrevladujoC vpliv plime
- delno zaprt kontinentalni Self, ki meji na ocean ali odprto morje
- plimska pescena telesa
- muljevci - razsirjeni zaradi slabih tokov
- pesceni pokrovi (plasti) in nasipi

PrevladujoC vpliv vremena
- pogoji mocno odbisni od klime
- pomembne sezonske variacije



NIZKOENERGETSKI SISTEMI: | . I |
KLASTICNI SELF Plimske sedimentne oblike in pesceni pokrovi

Transverzalne plasti, ki nastanejo zaradi delovanja plime:
| - sipine - pesceno dno in zmerni plimski tokovi
- dine
- pesceni valovi - mega sipine ali dine (hitrost toka > 60 cm/s)
visina: 5-15m
dolzina: 150-500 m
naklon strmega pobocja: <20°
grebeni: sinusoidni, pravokotni na smer plimskih tokov
omejen dotok -> lunaste oblike
- peScene zaplate (krpe) (hitrost toka < 50 cm/s)
debelina: veC m
lateralna migracija, vpliv nevihtnih in plimskih tokov
- pesceni trakovi (hitrost toka > 100 cm/s)



NIZKOENERGETSKI SISTEMI: | . I |
KLASTICNI SELF Plimske sedimentne oblike in pesceni pokrovi

Pesceni pokrovi:
- dobro sortiran, fino do debelozrnat pesek z navzkrizno plastovitostjo
navzkrizna plastovitost - polozna -> veliki pesceni valovi
- strma -> parazitske dine
- enosmerna, obcasno dvosmerna - reaktivacijske povrsine
- srednje do finozrnati peski
- strma navzkrizna plastovitost z muljastimi Zzepi (mirovanje)

Plimski pesceni nasipi ali plimski tokovni grebeni:
dolzina: 50 km
Sirina: 6 km
viSina: 40 m (severno morje)
hitrost plimskih tokov > 50 cm/s
asimetricne strukture: 6° “zavetrna" stran
0.5° "privetrna” stran



NIZKOENERGETSKI SISTEMI: | B |
KLASTICNI SELF Neplimske offshore pescene oblike

- sedimenti preneseni s tokom nastalim zaradi delovanja vetra (vecje nevihte)
- nevihtni valovi - transport ve¢ km daleC na Self -> gosti tokovi -> tempestiti
- erozijska podlaga
- gradacija
- ravne plasti in sipine

Selfni pes¢enjaki:
- kompozicijsko in strukturno zreli
- veCinoma kremenovi areniti
- fosili: predvsem brahiopodi, mehkuzci, v muljastin delih sledi
- debele plasti z navzkrizno plastovitostjo
- mestoma bipolarna navzkrizna plastovitost (ribja kost) - reverzni tok
- muljaste krpe lahko prisotne v zgornjem delu



NIZKOENERGETSKI SISTEMI:
KLASTICNI SELF

Razporeditev con z nastakom razli¢nih tipov plasti vzdolz transporta plimskih tokov.
(Belderson, Johnson & Kenyon, 1982)

(a) General bedform distribution model {b) Low-sand supply model . (c) High-sand supply model

- . T 1 - . . T oot e mmepirebmnma fidal ,firrrarnr velacitiee fehavrn 1T



NIZKOENERGETSKI SISTEMI:

1. Initial sand wave phase

3. Slope sedimeniation
phase o

4. Abandonment phase




NIZKOENERGETSKI SIS il -
CLASTIENI SELF T

regime as it responds to diflerent tida! and siorm conditions.

1-6 - Hypothetical depositional zones along a tidal current transport
path. Length of depesitional zone ca. several tens to hundreds of kilometres,

1. FAIR WEATHER CONDITIONS: -
Normal fidal currents dominant process

2. MODERATE STORM CONDITIONS:-
Tidal currents enhanced by storm
processes

3. INTENSE STORM SURGE CONDITIONS..
Tidal currents with maximum
enhancerneént by storm suige flows

5O

SO od

o of s

07 woced \e wed

is) 8 e pgn\ﬁ
B )

4. POST STORM/RETURN TO FAIR WEATHER e
COMDITIONS: - o«
Normal 1idal currents

torm mud remnants
successively eroded and/or

»
< },-?"‘y overlain by fair weather sands
\ COARSE/FINE ALTERNATIONS

Post-storm
mud layer

- FINE FACIES

1-6: hipoteticne cone

Disequilibrium zone

1 m t 1 d |2 {Incomplete covering of i Sand waves Sand Ribbons Deep erosion
Se | en aCI]e VZ 0 . basal conglomerate) Rippied sand sheet
: : e
. Direction 6f maximum tidal 2 [ JR— 1—e{A
: i T —
el .
transportne poti o s - i R
v - Ime;r:r transport paths (<05 m/sec) {<0-75 m/sec) Average max. near surface
\ L / L tioal current velocities

plimskega toka




NIZKOENERGETSKI
SISTEMI:
KLASTICNI SELF

SAND BED OR
FACIES SUBFACIES TYPICAL LOG INTERNAL STRUCTURE CONTENT SET INFERRED PROCESSES & NOTES
THICKNESS
Tabular . . .
Sa  Cross- Cross- ca10-200cm CToss-beds variable in 1ype and set thickness. Represents dunes/
Bedded bedding megaripples (trough sets] and sand waves {tabular sets).
Trough
- . 3 A inati i i igh-
SANDSTONE | Sb  Flat Parallle! .and low-angle 90-100% | variable Wave‘ or current ormed lamination assaciated with high-energy
FACIES Bedded lamination conditions.
$e Cross L. 15 Cross-laminztion. Varies in refation to ripple type, notably
laminated Cross-lamination em current, combined-flow and wave ripples.
520 cm
Parallel famination {max 200
em|
620 Alternations of parallel and cross-laminated sheet sandsiones.
Parallel to cross- (r_'n xCZHE)O Thicker sheet sandstones may form 20-90% of this subfacies.
| lamination cm? Amalgamation may be commen.
Sand deposited from suspension & as bedload.
Ha Low-angle and trough 5320 cm
Send lamination 75-80% (max 60 Variabte reworking by current and wave ripples.
Dominated cm
Sheet sandstones commonly inferred 10 be the product of intense
5-20cm e . .
Isolated tabular cross- {max 50 starm conditions. May contain transporiad shell debris.
bedding el
Bioturbation increases in the finer grained intercalations.
Sandy flaser bedding 1-5cm
w
w
Q
s
Paraliel famination 1-10¢m
=4
T Mainly ripple laminated sandstones & mudstones with subordinate]
5 parallel laminated sheet sandstones (10-50%;,
> Pare}l(e[}o cross 1-10 em
= laminarion Variable types of cross-lamination in response to current,
= Hh 50-75% combined-flow and wave ripples.
u Mixed
pu
Low-angle Iamination 1 1-10¢cm
Storm and fair weather incremeants may be recognized as above,
Upper part of sheet sandstones bioturbated.
Flaser-wavy bedding 1-3em
Parallel lamination 1-5em
Mainly linsen bedding with rare sheet sandstones (5-10%)
He . E
Mud Parallel 1o cross- 10-50% 1-5 em Sand lenses formed by current or wave processes. Sandstone inter-
Dorminated lamination beds deposited from susp sien during storms. Suspension depo-
sition of muds predominant fair weather process. Latter
commonly intensively bioturbated.
Linsen bedding 1-3cm
M Graded sand 8/or shell-rich . ) . )
2 layers 01-Zcm Mainly muds with thin sand interbeds and sand and silt streaks,
MUD Ceposition entirely from suspension.
FACIES 0-10% Wave and current activity only accompany rare storms.
Intensive bioturbation, /n sita or slightly transported benthic
Mo Mud <05cm | faunes.




GLOBOKOVODNI KLASTICNI
SEDIMENTI
SELFNA POBOCJA

Kontinentalni robovi in
globokomorski bazeni

- konglomerati in pescenjaki
iz okolnih pobocij in Selfov

- transport z zdrsi, podori,
gravitacijskimi tokovi
(turbiditni, debritni, zrnski in
fluidizirani sedimentni)

Sedimentacija globokomorskih
okolij:

- pelagi¢na, hemipelagi¢na
(rozenci, pelagi¢ni apnenci,
muljevci)

Zdrsi in podori okolnih poboci]
se lahko razvijejo v gravitacijske
tokove.

a - pasivni kontinentalnigg& SHELF
O DIAPIRS AND LF, DELTA PLATFORM SEDIMENT
ggowm FAULTS (CREEP)  (HIGH SEDIMENTATION RATE) WIND  ACCUMU- BREAK

BLOWN LATIONIN  SOFT AND SEML-

CANYON CONSOLIDATED (ESQSOSI\}GON

HEAD SLOPE SEDIMENTS, RELIEF)
MAINLY SLUMPS

AND MUD FLOWS

MUD FLOWS WITH OVER-
LAPPING TOE LOBES

SLOPE VALLEY {FEEDER

CHANNEL FOR DELTA FAN}\ ACTIVE

Lis
FA YOUNG

SLUMP. — SEDIMENTS
'

—
—
—
~—
~—
S

DEEP-SEA
DELTA FAN

LARGE ACTIVE

SAnoALLED  CANYON

CHANNEL DEEP-SEA FAN

SYSTEMS, SYSTEM ROCKFALL,

MAINLY MUD UPPER FAN: SOME TRANSITION SLUMPS,AND DEBRIS

TURBIDITES, SLUMPS, FLOWS OF SLOPE APRON TO HIGH AND LOW- \_FLOWS (POLYMICT),

SOME MUD GRAINS, DEBRIS SLUMPS. MUD FLOWS  DENSITY TURBIDITY  “UNDERCUTTING OF

FLOWS AND MUD, PREDOMINANTLY CURRENTS, SAND SLOPE BY CONTOUR
CHANNEL FILLS. MUD TURBIDITES AND MUD TURBIDITES CURRENTS .

LOWER FAN: MAINLY
SAND TURBIDITES,
SOME CHANNEL FILLS

b-konvergentni rob s "fore arc" bazenom c-karbonatni Self in platforma

RAPID ACCUMULATION VOLCANIC ARC CARBONATE PLATFORM CARBONATE SHELF
OF VOLCANICLASTICS (SAND (ANDESITIC) WITH REEFS, LAGOON,ETC. EARLY INDURATION
AND SILT}, BEACH GRAVEL SLUMP AND LITHIFICATION

TURBIDITES
(SAND AND MUD)
DEEP-SEA
TRENCH _

2

~ ReEF
| DETRITUS

FOREARC BASIN: &

CHANNEL FILLS, SLUMPS
PELAGIC . DEBRIS FLOWS,
[ Y TURBIDITES (SAND DEBRIS FLOWS
SEDIMENT BASN \ AED MUD),AéH FALLS / \‘ (CARBONATE BRECCIAS)
SUBDUCTION CALCAREOUS
SE%%% Fﬁrﬁlgw \ ACCRETIONARY DEEP-SEA FAN- {CALCAREOUS TUARBIDITES

(POLYMICT) WEDGE (=OPHIOUITES;  CHANNEL SYSTEM  (SAND AND MUD)



SELFNA POBOCJA

Delitev na osnovi reoloskih lastnosti
=> razmerje
tekoCinsko/plasticno obnasanje

KAINI UTEK OCINJENT ZRNSKI TOK
TOK TOK TOK DR OBIR JA

Kalni (turbiditni)
-sediment podpira 7 ascendentni depresivni kohezija in
turbulenca fluida =5 = turbulenca o litok  pritisk  gostota matriksa
(z visoko ali nizko g.) § E % = 2O O boc: 5O

218N 0o [ ot A g o

é)§ o \O/‘ © O O DQO+%

v " <] o~ @] o r -
Uteko€injeni =3 E Ao o f /‘m;‘ Dc?,éio--o
(fluidizirani) > |
-sediment podpira
dvigajoca se porna > ]
voda = AN R
ZrnSki g \: I’{;‘-' skledaste | ~
-sediment podpira = ;‘O[ S gbike |
disperzivni tlak nastal e i | N
zaradi kolizije med zrni E =l
> ) "

Drobirski (debritni)

=blatni, kohezivni
-sediment podpira
kohezivni matriks

Boumova
sekvenca

strukture

iztiskanja
tekoCine

homogeni
peski
(brez strukture)

heterogene
kaoti¢ne
strukture



SELFNA POBOCJA

Vzroki zdrsov:
- potresni sunki znizajo strizno trdnost materiala
- hitro kopicenje sedimenta
— i e - zvecanje naklona pobocja zaradi tektonike
- nevihtno kopicenje sedimenta
- kopicenje sedimenta zaradi sprememb nivoja gladine morja

Dva mehanizma odsedanja iz gravitacijskih tokov:

- v fluidalnih tokovih odsedanje poteka postopno najprej v podlagi
nato iz suspenzije

- v debritnih tokovih pride do "zamrznitve", ko strizna napetost
pade pod vezno mo¢ premikajocega se materiala - odsedanje poteka
"en masse" ali od zunaj proti notranjosti



SELFNA POBOCJA Podmorske pahljace: glavni tipi oblik sedimentnih teles nastalih s

podmorskimi zdrsi in gravitacijskimi tokovi

Slamp

DELTA NA Riieka
Jarak na padini gELFU J

u ulozi dlSil‘IbUCljSkDg ’ Distribucijski kanal
l = /
kanala o % PLITKOMORSKI
£ / SELF

l{u'meni usavi
olistolitj

Cubokomorska
deltna lepezc
[sitnozrnati turbiditi
5a sustavom kanalg

Debritne brefe -

ispunjenih pijeskom ) { Debriti)
Sustav podmorske lepeze:
gornju lepeza sadrii kanai Podmorske lepeze :
Jspunjen krupnezrngtim detrilusom Postupni prijelaz od turbidita
srednju lepeza :turbiditi s kanalima velike gustode u turbldrte
iIspunjenim krupnozrnatim _ male gusiode

pjesfanifn turbiditima
dana lepeza :srednje do
sitnozrnati turbiditi



SELFNA POBOCJA A RADIJALNE LEPEZE

B IZDUZENE LEPETZE




SELFNA POB(

KRUPNOZRNASTI SEDIMENT!

toatall .
-.-'.-’;'.] Pijesak + $ljunak

-0 Pijesak

Siltepijesak
""" ’ . - S T TT— '_.' e e
BAZA PADINSKIH SEDIMENATA Freen=v B s en ]
Tede  ppege HUE ppege T69€
PO B AR ¥
Tabcde

KANJON: _
Starmnpovi, zrnski tok,
tok stifenskog kréja,
turbiditne struje -

SMJER TOKA
3 Baza padine

—— Kanalski tok

A\ Tok iznad -kanala

BAZA PADINE:

Stampovi, tok stijenskog
krija, turbiditne struje

Model podmorske
turbiditne pahljace
(Nelson & Kulm, 1973)

Stampovi, tok stijenskog kréja




Turbiditni tokovi

Z visoko gostoto
- prod in debel pesek
- vleCna preproga v bazi toka, se odseda z "zamrznitvijo" - inverzna gradacija
— Vv bazi, prekrita z normalno gradacijo, ki se odseda iz suspenzije
- nad vleCno preprogo material v suspenziji
- premiki zaradi turbulence fluida, tlaka medzrnskih tokov in kipenja matriksa
- v proksimalnih delih: navzkrizna in horizontalna plastnatost v prodih in
pescenih vlecnih preprogah
- inverzna gradacija, nad njo masivna plast z normalno gradacijo,
z navzkrizno plastovitostjo (ribja kost) ali blazinastimi teksturami (uhajanje vode)

Z nizko gostoto
- do srednje debel pese
- transport s turbulenco fluida
- Bouma sekvenca



Bouma sekvenca:

T, - bazalni del s postopno zrnavostjo
T; - spodnji del s horizontalno laminacijo ZGORNJI TOKOVNI REZIM

| T, - del z navzkrizno laminacijo .
— SPODNJI TOKOVNI REZIM

T, - zgornji del s horizontalno laminacijo

T¢ - pelitni del SUSPENZIJA

V bazi -> tokovne teksture

Tokovni odlitki (analiza paleotokov):
- debelozrnat turbidit - "groove casts"
- srednje zrnat turbidit - "flute casts"
- fino zrnat turbidit - "tool marks"

Pelagic and hemipelagic mud
Laminated silts

Cross laminated sands; ripples;
(lower flow regime)

Parallel laminated sands

(upper flow regime) Sestava turbiditnih pescenjakov:
Massive sand and granues; - kompozicijsko nezreli (greywacke)
o oner Tow regiite - visoka vsebnost matriksa (tudi diagenetski)

- material liti¢en, vulkanski, tudi karbonatni

Scoured base with tool marks,
flutes, etc.




Debris flow deposits

High-density turbidity current deposits

(a) {0~
Matrix- Clast-
supported supported

Low-density turbidity
current deposits

Te
TN Td

.-“

Liquefied flow
deposits

(h)

Spekter sedimentov gravitacijskih tokov
tipicna debelina plasti: 0.3-1m

Klasifikacija laminarnih gravitacijskih tokov na osnovi reoloskih lastnosti in mehanizmov podpore

Tokovni nacin Tip gravitacijskega toka Mehanizem podpore sedimenta

Tekocinski Turbiditni

- fluidiziran

Turbulenca fluida
Dvigajoca se porna voda
Dvigajoca se porna voda

Disperzivni tlak
gostota in jakost matriksa

- likvificiran
Zrnski
- blatni/kohezivni/drobirski

Plasti¢ni




SELFNA POBOCJA

Spremembe v sedimentu vzdolz turbiditnega toka

- Sediment transport -

Coarse-grained . )
Medium-grained.

turbidite furbidit
urbidite
\\*#;," Fine-grained
\' -~ turbidite
T “‘":ﬁ_
(s . s ) 1“*- =




SELFNA POBOCJ/

Model okolij
podmorske pahljace

FEEDER CHANNEL

DEBRIS 0-B SLUMPS
L \ FLOWS CGLS.
- -—

[ A R - S

SLOPE INTO BASIN NN

THIN BEDDED TURBIDITES
CONGLOMERATES : BN ON LEVEE
INVERSE -TO-NORMALLY [3%: B i

GRADED AN PEBBLY SS5TS.

GRADED-BED

-
-

GRADED-
STRATIFIED

BRADED O~  \ """ ----- oL

|

SUPRAFAN LOBES
b SMOOTH

B, ;'.' ’NC‘SED
CHANNEL

NEW SUPRAFAN
LOBE

A LOWER FAN

BASIN ...
PLAIN . —

THIN BEDDED NO RELATIVE SCALE wAPLIED




SELFNA POBOCJA a rOGRAONG DELTA. SHELF

BASIN PLAIN DEEP-SEA FAN CONTIN.

TURBIDITY CURRENT
BY UPTAKE OF WATER MUD SLIDE

ACCUMULATION

PROXIMAL OF SAND AND MUD

SUBMARINE CANYCON,
e SLIDING-SLUMPING

PELAGIC OR HEMIPELAGIC
{= MUD TURBIDITES)

FAN ASSOCIATION GRAVITY FLOW

- DECREASING
. - VELOCITY
L=

SANDY TURBIDITES
(MEDIUM TO FINE-GRAINED)

AUTOSUSPENSION

BURROWS AND LOAD CASTING
BURIED TRACKS .
TRUNCATION BY

d . €—-— SUBSEQUENT EROSICN

DISTAL o e e e e PROXIMAL
1T "RELATIVE
BED THICKNESS

PRIMARY

<—- BASAL DIVISIONS - s1
SSIN SURFACE  GROOVE  FLUTE . e
MARKS OF BED CASTS CASTS TRACTION CARPET TRACTION
e
PRE-DEPOSITIONAL
EROSION OF COHESIVE TRACE FOSSILS
MATERIAL
DIMENSION OF GROVE CASTS
SOLE MARKS v
RELATED TOQ
BED THICK- POST-
NESS
. TooL
MARKS NEREITES

FLUTE CASTS GRANUL ARIA PHYCOSIPHON  SCOLICIA




SELFNA POBOCJA

@

. (b}
Incised channel and/or
break in slope

e Channel levee

Characteristics of submarine canyon fiil

Laminated to Flamed mudstone
convoluted sandstone laminae

Bioturbated sandstone

Conglomerate pocket
Distodged clast

Dish structures and
fluid escape pillars

1
Injection
dikes

(d)

Facies DRCEr——— .
3 Aanab E== raciesc
- Fqcies D - Facies E

Z° 82{ FaciesF

~e o

Pelitic inclusions

T Negative megasequence
{thickening upward)

1 Positive megasequence
(thinning upward)




SELFNA POBOCJA

Poijroéja recentnih kontinentalnih Selfov




SELFNA POBOCJA

a-princip distribucije
sedimenta s povrSinskimi in
talnimi tokovi v
globokomorskem okolju in
akumuylacija pelagicnega
in_hemipelagi¢nega
sedimenta

b-vnos, raztapljanje in
ohranjanje karbonata kot
funkcija globine ter globine
kompenzacije kalcita (CCD)

a

PLANKTON
PRODUCTICON.
SLOW PELAGIC
SETTUING,AND
LATERAL CURRENT
TRANSPORT

INCRE ASING
PROPORTION
OF BIOGENIC
COMPONENTS:
HEMIPEL AGIC
—~PELAGIC SED.

DEPOSITIONAL RIDGES |
WiTH MUD AND SAND WAVES
{RICH IN SKELETAL MATERIAL)

b

DEEP SEA AGGREGATES OF CANYON

TRENCH FINE-GRAINED '

WITH SANDY TERRIGENOUS y LONGSHORE
FAN.ETC. MATERIAL

i
|

NEPHELOID
LAYER

4 /
FURROWS f/

CAUSED BY SLOPE APRON
BOTTOM I/ o

CURRENTS /

DEEP-SEA CHANNEL
{IN CERTAIN REGIONS)

CARBONATE:
DiISSOLUTION

Y

141 caArBONATE
SUPPLY
—

WATER DEPTH (km)

CALCITE COMPENSATION
DEPTH, CCD

v

PRODELTA
DEEP-SEA FAN
WITH CHANNELS

SLOPE GULLIES
CATCHING
SHELF MUD

SAh.ID TRANSPORT /

J

RIP
CURRENT

CONTOURITES,

=SOME REWORKING

OF SEDIMENTS OF
DEER-SEA FAN

CARBONATE
PRESERVATION

IN CERTAIN
REGIONS:
EOLIAN DUST OR
VOLCANIC ASH

/

o 2
' FRESH WATER
SHELF WEDGE DURING
VALLEY FLOODS WITH
S © SUSPENDED

LYSOCLINE

A 4

CLAYS AND ST

LATERAL
CURRAENT

TRANSPORT
CONTOUR OF FLOC-
CURRENTS, CULATED
ERODING RIVER MUD
IN PLACES

SEDIMENT WEDGE OF
CONTINENTAL RISE
(SLOPE APRON. DEEP-SEA
FAN.CONTOURITES. -
HEMIPELAGICS}
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strukture ipdednosmernt i kosa slojevitost [ :
Strukture na . I”?e(ha;.”i.k' trago- Mehanicki tra - Jednosmerni
donjoj povrs et Vi tutskivanje, lesem=me=d o 0000, pra- - mehaniki
te¢enje) vaca tragovi
Ihnofacije Scoyenia Cruziana Nereites

S1.12-7. Shema nastanka | struktura inundita, tempestita i turbidita (Seilacher, 1982).
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Morfoloski elementi globokomorskih sedimentnih sistemov

Gradient change:

| Shelf break

/Slope rise or fan
Fan-rise plain.

/Slope to plain

Irregular depressions:

Slide scar Fault graben Bare rock.
”M 3 /\f\/\"‘ ~
Canyons and channels:
Yoo
N AL AT SR
Canyon  Trough Gullies Simple ribbon

Distributaries

——— T 2T
S e e S

Meander belt Complex

Braided belt

Levees:

Constructional Erosional

Mounds:md lobes:
e O @
Ry e =

irregular isolated Clustered
round lobe lobes

SRRy

,_../_5-._\-_ .’7%-
Elongate mound . Lateral and terminal
or drift mounds or drifts

Sheets and drapes:

.
D .
\ \

e e R e

Smooth sheet Smooth drape
{interchannel, basin plain.....} (over contoured surface}




SELFNA POBOCJA

Facielne asociacije razlicnih globokomorskih sed. sistemov (Mutti & Ricci Lucchi, 1972)

Slope-apron deposits Deep-water fan deposits Ba_lsin plain d_&pusits
Upper slope Upper fan
Slump scars i |
i Channel fills; i .
Lowersiope oo
olistostromes c ’
siltstones of
marked lateral
continuity
. Middle fan
EQ@QQ@I[}EQ Channel-fill
_ - sequences
RPN . Thickenin
'.ﬂ?.‘Sf?‘éii‘?‘_'?cﬂj Olistostromes coarsening
T and upwards
e seguences
slump deposits
Lower fan
IMedhﬂnjﬁ;
fine, grade -
sandstones of |= 50 m
good lateral

continuity




SELFNA POBOCJA

(a) Bouma Seguence
=
Te BE===—=—r=—1 Shale
Td Gioo= 0T - Parallel laminated
LI T T = siltstone
=1 Current rippled and
Te convoluted laminated
sandstone or siltstone
Th — i Parallel laminated
siltstone or sandstone
Homogeneous to
Ta graded sandstone
with coarse base
, 7 Scoured bhase
Rip-up clast

+sole marks

(b)

idealized Storm Sequence

Whole fossi
packstone




SELFNA POBOCJA

Shematski prikaz znacilnosti,

zaporedja procesov, glavnih
mehanizmov transporta

in odsedanja detritusa

tipi nastalih sedimentov

v globokovodnih okoljih
(Stow, 1986)

'Ly 3 A a4 'Y

PROCESI

RESEDIMENTACIJA

KAMEHN| USOVI

FUZOTINE
KLIZANJA

SLAMPIRAHJA

DETRITNI TOK
ZRNSKI TOK
FLUIDIZACIJSKI TOK
LIKVEFAKCIJSKi TOK
TURBIDITNE STRUJE

NORMALNE STRUJE

PRI DNU

FLIME I YALGVI

KANJCGHSKE STRUIE

KONTURNE STRUIE

POVREINSKE STRUIE
| PELAGICKA SEDIME.

FLOKULACLJA
PELETIZACLIA

] T T .

P

sz.f.u.f/ e |

DPADANIE KONCENTRACIJE | FORASY UNUTRASNIE

SEPARACIJE CESTICA

KARAKTERISTIKE

PN [F—— |!ﬂr’ﬂ!l!‘f‘il"il“*il{ﬂ

TIP TALOGA

OLISTOLITL

LAVINE

PUZOTINSKL SEDIMEMNTI

KLIZISTA

SLAMPOY!
DEBRITI

SEDIMENTI ZRNSKIH,
FLUIDIZACLISKIH
LIKYEFAKCLISKIH TOKOVA

KRUPNQO, SREDNIE |
SITNOZRNATI TURBIDIT!

TALCZI NORMALNIH STRUJA

KONTURIT!

FELAGIT! i HEMIPELAGITI

alitmeds mers oo



& ~ KRUPNOZRHNATI SREDNJEZRNATI
SELFNA POBOCJA TURBIDITI TURBIDITI

kiifluidizacijski klasiéni Bouma SITNOZRNATI
SLAMP DEBRITI (”"S:és’(ofi') racls (turbliditil TURBIDITI

Shematski pregled osnovnih
litoloskih in teksturno -
strukturnih zna€ilnosti glavnih
facielnih tipov globokomorskih
okolij s klastiéno sedimentacijo
(Stow, 1986)

{Lowe)
l(pipen)

\ 53
LRGN P!
St

Rz

Ry

PJESKOVITO-

SILTOZNI MULJEVIT! PELAGICNE PELAGICNI
KONTURITI KONTURITI GLINE{crvene) MULJEV]
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bl f i
Red bads Sablitors :‘I'nrm:lnn'rln‘l:

11T ]

Scopanfe




SELFNA POBOCJA

Globokomorski muljevci
- odsedanje iz suzpenzije - hemipelagiti
- kisik prinasajo hladni tokovi s severa, ki mestoma povzroCajo erozijo
| in orientiranost fosilov, ter Fe-Mn oksidov
- karakteristicna favna - pelagicna:
diatomeje
planktonske foraminifere (mezozoik do danes)
radiolarije (od paleozoika)
cefalopodi (pozni paleozoik in mezozoik)
graptoliti (zgornji paleozoik)
- intra plasti siliciklasticnih ali karbonatnih turbiditov
- presedimentacija s finozrnatimi turbiditnimi tokovi
=> laminacija, gradacija
konturni tokovi => vzporedna in navzkrizna laminacija
- lateralni ali vertikalni prehodi v pelagicne apnence ali radiolarite (nastajajo
v casu minimalne ali brez muljaste sedimentacije)
- recentni - pod globino kompenzacije karbonata, kot rdece in rjave gline



SELFNA POBOCJA

d
DEEP MARGINAL PLATEAU ‘ - DEEP OCEANIC PLATEAU
WARM, STRONG CURRENTS SILICICLASTIC WEAK CURRENTS, TEMPERATE TO COLD,
SHELF = COMPLETE PELAGIC SEQUENCE
‘ N ( CALCAREOQUS AND/OR SILICEQUS,
CARBONATE - NS~ = PHOSPHORITE), RARE
SHELF T Y TN T~ UNCONFORMITIES
CURRENT T T i S~ |
EROSION X~ ™ e T i gy T~._  CccD
THICK SHELF TN T

CARBONATES

SHALLOW-WATER
FACIES

PELAGIC TO HEMI-
PELAGIC SILICEOUS
MUD = CARBONATE

PELAGIC
CARBONATE
PARTIALLY. RED,
STRONGLY CONDENSED, SHALLOW-WATER

UNCONFORMITIES, LAG DEPQOSITS, CARBONATE  PLEISTOCENE MUD WITH
FERROMANGANESE CRUSTS AND NODULES, SEAMOUNTS LIGHT-DARK ALTER-

"SOMETIMES

SOME GLAUCONITE. WITH PELAGIC - \ N v
| | T PELAC A ATIONS, = CARBONATE
[ NANNOS, FORAMS) |\ p| ACES PERI-PLATFORM
= PHOSPHORITE REDISTRIBUTED CALC. MUD

AND BRECCIAS



SELFNA POBOCJA

ISLAND SHELF SEDIMENTS, _ HEMIPELAGIC DEEP-SEA FAN,
TERRIG. AND BIOGENIC : _ o ~ MAINLY TERRIGENOUS MAT,,

CALCAREQOUS SANDS AND MUDS HIGH SEDIMENTATION
RATE { 20-50 cm/Ka )

/

ISLAND

= COASTAL
UPWELLING

“OLDER ROCKS
(<FAULTED
AND TILTED)

P

Ar]j[? Se.i}—,l\?_}iggine CALCAREQUS SAND AND

RELIC AND ’ MUDS (MOLLUSCS, FORA-

RESIDUAL SED. MINIFERS, ETC.

FROM UNDER-

LYNG ROCKS BIOGENC HEMIPELAGIC AND REDEPOSITED
| ROCKY BOTTOM PELAGIC SEDIMENTS  SLOPE SED. (MEDIUM SEDIM.

(OLDER ROCKS) (SILICEOUS AND/OR CARB.) RATE, 5-10 cm/Ka}



. The Tectonic and QFL Distribution
Sanmana \\ of S111c1c1ast1c Sediments

------

Stable Contmental Craton
flong sy-iem deposition)

e

.......

Recycled Orogen

Continent-Continent collision, or

Continent-Volcanic Arc collision
(Initial short system cvotving long)

Feldspar

Block Faulted Continental
Basement (Including

continental rift systems)
(short system deposilion)

Volcanic Island Arc
(shor! system depa.s*f&bz%



KLIMA

- OKOLJE

VELIKOST DELCEV

PRISOTNOST MULJA

REZIMI
SEDIMENTACIJE

CEMENTACIJA

DIAGENEZA

METAMORFOZA

RAZLIKE MED KLASTITI IN KARBONATI

KLASTITI
POVSOD

KOPENSKA IN MORSKA

POGOJENA S
HIDRAVLICNO
ENERGIJO OKOLJA

IZ SUSPENZIJE

VPLIVA SPREMEMBA
HIDRAVLICNEGA
REZIMA

DOLGO NESPRIJETI
KOMPAKCIJA,...

MEHANSKA

BOLJ ODPORNI

KARBONATI

PLITVA TROPSKA ALI SUBTROPSKA
OKOLJA

VECINOMA MORSKA

IZRAZA VELIKOST ORGANIZMOV IN
FIZIKALNO KEMIJSKE POGOJE

ORGANSKI IZVOR - UGODNI POGOJI ZA
RAST ORGANIZMOV

NA SPREMEMBO VPLIVAJO ORGANIZMI IN
POGOJI SEDIMENTACIJE

SPROTNA

KEMICNA

OBCUTLJIVI; HITRA PORUSITEV
STRUKTURE
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