Metamorfose foregar samtidig som Deformasjon
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Metamorf vekst av mineraler
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Rawdom Orkeaton
orMherak

Pree red Orkrtation
orMherak

parallell orientert
(glimmer, ...)

tilfeldig orientert
(glimmer, feltspat ...)

Maximam Stress D lrection

stress retning

Tidligere mineraler som er tilfeldig orienterte blir ustabile.
De roterer eller forsvinner.

Nye mineraler vokser, orientert i forhold
til deformasjon og stressretning
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Before Deformation

Horizontally hedded Sediments
sedimentaere lagning, S,
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After Deformation

Folded metamorphic rocks

S, S, Foliation(S4)
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FIGURE 8.9 (a) The end-on compression of a bed will create slaty
cleavage at an angle perpendicular to the bedding. (b) Commonly, the rock
folds (bends into curves) at the same time cleavage forms. Cleavage tends
to be parallel to the axial plane of the fold, the imaginary plane that divides
the fold in half (see Chapter 11). The dashed lines indicate the original
shape of the rock body that was deformed.
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FIGURE 8.8 (a) A block of rock with slaty cleavage splits along cleavage planes into thin sheets.
Originally, the slate was shale and had sedimentary bedding. If you look carefully, you may find hints
of the bedding, indicated by sandier layers, in the slate. Note that in this example, the bedding plane
and cleavage plane are not parallel. (b) Slate easily splits into thin sheets that can be used as

shingles on roofs. Here, an old-style shingle maker in Wales plies his trade. (c) A slate roof.

Slate
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\
Bedding —
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So S
Cleavage
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Mye av Norge er GNEISER

Modell av den til-
takende regional-
metamorfosen

i forbindelse med
fiellkjedefolding.
De innlagte berg-
artene viser hvor-
dan metamorfose-
graden eker med
dybden (fra venste
mot hayre). De to
siste bergartene
illustrerer granitt-
smelting i for-
bindelse med
fiellkjedefolding.

a) Leirskifer

d) Granitt
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Foldet gneis

. a) Gneis
Foldet fyllitt Foldet glimmerskifer )

a) Fyllitt a) Glimmerskifer d) Gneis

d) Granitt d) Gneis
Mye av Norge er GNEIS
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Migmatittisk gneis
(Moss). De lyse
slirene 1 gneisen
er dannet i for-
bindelse med

begynnende opp-

punkt, er blitt
mobile i motset-
ning til de marke
mineralene - om-
vendt av Bowens
reaksjonsskjema
(se side 96-97).
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kvarts og feltspat
(Typisk partiell smelte har ca.: 1/3 kvarts, 1/3 plagioklas, 1/3 kalifeltspat
Kalles for “minimum-temperatur smeltesammensetning’)
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Present-day
outcrop

(d)

Hvordan oppstar lagdeling i gneiser?
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2 helt ulike prosesser
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Protolith schist
ingen lyse og morke lag
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dissolve and migrate | S

Felsic minerals grow
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strukket
xenolitter
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Mafic components
dissolve and migrate

lyse og morke lag

skiller seg ut
(c) Folding

(b) Flattening

Mafic band

\ | Present-day

j Felsic band

Mafic band

. Felsic band

i (o) Banded gneiss
FIGURE 8.12 A schematic model illustrating one of the ways in which gneissic banding forms. (a) The protolith, in

this case an intrusive igneous rock, contains patches that are more mafic than the surrounding felsic rock. (b) Shear

stretches and flattens the rock. The mafic patches stretch and flatten too. While this is happening, recrystallization and

neocrystallization are taking place throughout the rock, and a preferred mineral orientation develops. (¢) The layer is

folded back on itself in response to continued shear. (d) A present-day outcrop of this rock displays mafic bands

separated by felsic bands. (€) During metamorphic differentiation, felsic minerals dissolve in] rBafic layers and grow in

felsic layers, while mafic minerals dissolve in felsic layers and grow in mafic layers.
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Opprinnelige xenolitter
blir presset flatt.
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Gneissic Banding
Gneiss (S)

So er visket ut.

Cluar

7 & Feldspar

Gneis foliasjon (S) dannes pga. Dark Colored
“metamorf differensiering” Minerals
S har ingenting med So Maximum stress Direction

a gjore
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hjemmevideo: regnvann pa gata, lla, Trondheim

g

vann organsierer segd i pulser (bolger, soner)

slik som lyse og mgrke mineraler gjor
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hjemmevideo: regn pa gata, lla, Trondheim
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FIGURE 8.19 When shale progressively metamorphoses from low grade

to high grade, it first becomes slate, then phyllite schist, then gneiss. In
many cases, gneiss and schist can form under e conditions. The

side graph shows the stability range of various minerals. ‘
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FIGURE 8.19 When shale progressively metamorphoses from low grade
to high grade, it first becomes slate, then phyllit n schist, then gneiss. In
many cases, gneiss and schist can form under e conditions. The
side graph shows the stability range of various minerals.



Lyse lag kan oppsta pa grunn av metamorf differensiering.
Eller pa grunn av partiell smelting.

-~ Schou Jensen.pdf (page 94 of 112) ~
N A . M

Hvis partiell smelting, kalles bergarten Migmatitt.
24
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Vanligvis vokser mineraler Stﬂrre
med mer metamorfose

Men hvis det er mye deformasjon,
mineralene “mglles ned”
til finkornet ba.

bor hete
“mollen-itt” :)

Mylonitt

Mylonite in a
shear zone

25
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Shear

Med vanlig prograd metamorfose, Zone

blir det okning i kornstorrelse. kornstorrelsesreduksjon

(a) o (b)

Broken-up rock
(fault breccia)

Forkastningsbreksje: —> Nonl:r;)etamorphic _ _
ingen foliasjon (for lavt T, p)  (fOck breaks) Forkastningsbreksje dannes kun grunt,
Metamorphic mindre enn 300° temperatur.
_ Mylonitt: —> (rock shears like l T Knusing, uten dannelse av foliasjon
foliasjon (hoy nok T, P) soft plastic) ‘
Mylonitt dannes ved minst 10 km dybde,
Mylonite over 300° temperatur

(c) forms

FIGURE 8.25 Dynamic metamorphism along a fault zone.

(a) Note the band of sheared rock on either side of the slip surface. (b) The
rock outside the shear zone has a different texture from that of the rock
inside. (c) The block formed in (a) must have developed at a depth where
metamorphic conditions exist, so that mylonite forms; otherwise, it would
break up during movement. 26



mylonitt: feltspater motstar nedknusing, og bestar som porfyroklaster.

Q_ @ mylonite

Mylonite - Wikipedia Mylonite Mylonite Geology - rocks and minerals Mylonite
en.wikipedia.org sandatlas.org sandatlas.org flexiblelearning.auckland.ac.nz sandatlas.org

Mylonite - Wikipedia Mylonite Geology - rocks and minerals Mylonite - Wikiwand

en.wikipedia.org sandatlas.org flexiblelearning.auckland.ac.nz wikiwand.com

ALEX STREKEISEN-Mylonite- Mylonite Mylonite Mylonite (metamorphic rock Stock Photo ...

alexstrekeisen.it sandatlas.org myweb.facstaff.wwu.edu alamy.com
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What a geologist sees

(© Porfyroklaster av feltspat ®

Store mineraler som knuses
heter “porfyroklaster”
f.eks. kalifeltspat “oyner” i oyegneis (ekskursjon 3)

Store mineraler som vokser

heter “porfyroblaster”
f.eks. pyritt kuber (ekskursjon 1), granater (ekskursjon 3),

28
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What a geologist sees

Bergarten heter “augen gneiss” Merk skjeer retning er tolket her
eller “oyegneis”

29
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Av og til blir det dannet nye
mineraler i gneisen, vanligvis Kx(i-
feh-%at Og gr.anat' so0m store mine' Disse kalifeltspat oyner
ralkorn i forbmde|se med metamor- er porfyroklaster, ikke porfyroblaster
fosen. De inngar i foldingen og
rotergs.undgr foldingsprosessen. dyegneis
Samtidig skjer det ofte en viss ut-
valsing, slik at mineralkornene
far et gyeliknende ut-
seende. En slik bergart
kalles derfor ayegneis.

Schou Jensen gir en gammel, feil tolkning her.
Jyegneiser har magmatisk kalifeltspatkrystaller ¥
som ble delvis knust ned under metamorfosen.
Ingen metamorf vekst av kalifeltspat her



oyegneis: krystaller (porfyroklaster) av kalifeltspat

i augen gneiss

i W
640 x 480 - skywalker.cochise.edu
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Porfyroblaster. for eksempel granat. disse vokser storre
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“sngball granater” sees i tynnslip
inneslutninger av kvarts og biotitt

viser tidlige foliasjon som er fanget i granaten mens den ruller og vokser
34
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ikke deformert

) Fossil shell
ikke deformert (Brachiopod)

Unstrained

"> “strekning”

“forkortning”

“Skjar”

FIGURE 11.7 Different kinds of strain. (@) An unstrained cube and an
unstrained fossil shell (brachiopod). (b) Horizontal stretching changes the
cube into a brick whose long dimension parallels the direction of stretching,
and it makes the brachiopod longer. (c) Horizontal shortening changes the
cube into a brick whose long dimension lies perpendicular to the shortening
direction, and it makes the brachiopod taller. (d) Shear strain tilts the cube

(c)

FIGURE 11.5 (a) Undeformed, flat-lying beds of sediment in Badlands

National Monument, South Dakota. (b) Tilted beds of strata in Arizona. The over and t.ran‘sforms itinto a parallelogram, and it changes the angular
tilting is a manifestation of deformation. (c) Folded layers of quartzite in relationships in the brachiopod.
Vermont. The folding is also a manifestation of deformation. Note the coin 35

for scale.
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hydrostatisk trykk (under vann
. som har egenvekt ca. 1)
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(a) Pressure litostatisk trykk (under bergarterpDiver underwater

Shape after som har egenvekt ca. 3)
deformation

trykk i alle retninger.
ingen dirigert stress

Shape before
deformation

kompresjons stress
forer til forkortning

Kompresjon Continental collision
(b) Compression

Basin

Before
tensjon eller ekstensjon

stress e
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Continental rift
(¢) Tension

’

skjeer stress
forer til skjaer

(d) Shear Skj&r 36 San Andreas Fault
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l T4

If stress 1s not equal from all
directions then we say that
the stress 1s a differential
stress. Three kinds of
differential stress occur. /

Allsidig stress

. Confining Stress
L. Tensional stress (or (Stress equal from all directions)

extensional stress),
which stretches rock; _/
S
2. Compressional stress,

which squeezes rock; Tensional Stress — e

and Tensjons stress

3. Shear stress, which >
result in slippage and Compressional Stress
translation. Kompresjons stress

<
Shear Stress
Skjeer stress

When rocks deform they are said to strain. A strain is_a change in size, shape, or volume of a
- - - - deformere g$forma510n - - 0. T .- -
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Card deck

ormert av skjeer

skjeer deformasjon

FIGURE 11.8 You can simulate $hear strain by moving a deck of cards
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| en tidligere kollisjonen gikk “Baltica” under “Laurentia”
(“Kaledonsk” fjellkjededannelse, 400 millioner ar siden)
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Tegnforkiaring
Legend

Osloriften; perm -karbon
Oslo Rift (Permian - Carboniferous)

- Sedimenter utenfor den kaledonske fjellkjeden (neoproterozcikum-fanerozaikum)

Sediments outide the Caledonian Orogen (Neoprotero.oicPhanero.oic)
| den kaledonske fjellkjeden
gmlwn the Caledonian Orogen

Sedimentbaseng  fijellkjeden (sesns:lur - devon)
Intermontane basin deposits (Late Silunan - Devonian)

@verste dekkeserie (neoproterozoikum - ordovicium)
overste Uppermost Allochthon (Neoproterozoic - Ordovician)

@wre dekkesene (neoproterooikum - silur)
ovre - Upper Allochthon (Neoproterozoic - Silurian)

- | Midtre dekkeserie (mesoproterozikum - cambr:
midtre 73{ MlddleAlloduh;)(Mesopmg:zic-CanMa:)m )

> )}

Undre dekkeserie roterozoikum -paeozaikum)
undre 2 :[owuﬂlodnhm(('mmemzac-}’ lae00ic )

Proterozoikum

Proterozoic

Dyp- og overflatebergarter (1700-900 mull. &) - gotisk og svekonorvegisk
I Igneous and supracrustal rocks (1 700-900 Ma) - Gothian and Sveconorwegian

i' §  Dettransskandinawskeintru ivbeltet og rapakivigranitt (1 8001 650 mill. &)
| Transscandinavian lgneous Belt and rapakivi granite (1 800-1 650 Ma)

Dyp- og overflatebergarter (1960-1750 mill. &) - hovedsaklig svekofennisk
| Igneous and supracrustal rocks (1 9604 750 Ma) - mainly Svecofennian

'D overflatebergarter (2300-1900 mill. &) - Lapplandgranulitbeltet
? lyygozg and supracrustal rocks (23004 900 Ma) -mangg Granulite Belt

Overflatebergarter og lagdelte (2500-1950 mill. &r} - svekokareisk
{ Supracrustal rocks ﬁdﬁm (250041 950 Ma) - Svecokarelian

-

L e——
—_—

Arkeikum
Archaean

' Dyp og overflatebergarter (3200-2500 mil. &)
[ ‘ Igneous and supracrustal rocks (3200-2500 M.)
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