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Metamorfe bergarter

de fleste bergarter i Norge er metamorfe

(pa norsk sier man ikke metamorfisk, vi snakker ikke om fisk)

Geologer sier at det finnes 3 bergartsgrupper:

1 Magmatiske ba. (engelsk Igneous rocks)
2 Sedimentaere ba. (Sedimentary rocks)
3 Metamorfe ba. (Metamorphic rocks)

Men alle ba. var opprinnelig enten 1 eller 2.

den opprinnelig bergart (1, 2) kalles for “protolitt”
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Ba. FOR metamorfose Metamorf ba.

Protolith —— Metamorphic rock FIGURE 8.1 (a) Hand specimens of red shale, consisting of clay
flakes, quartz, and iron oxide (hematite). (b) Hand specimen of

metamorphic rock (gneiss) containing biotite, quartz, feldspar, and bright . e . yy O
purple garnets. A rock similar to the shale could have been the protolith (man sier IKKE metamorﬂSk pa nOI'Sk

of this gneiss. This hand specimen is about 10 cm wide. (¢) This thin man Sier metamorfe)

section of a Devonian limestone shows that the rock consists of small
fossil shells and shell fragments that have been cemented together. The
field of view is about 3 mm. (d) This thin section of marble shows how
new crystals of metamorphic calcite grew to form an interlocking texture.
This photo is taken with polarized light; the color and darkness of an (man Sier I KKE “metamorﬁsme” pé norSk.
individual grain depends on its orientation with respect to the light waves.

(e) Granite has randomly oriented grains. (f) Metamorphosed granite has man sier metamorfose)

flattened and aligned grains.

Q N (“paragneis”)

gneis fra sedimentaer ba.

(a) (b)

marmor (fossiler til venstre, kalsitt krystaller til hoyre)
tynnslipp

(“ortogneis”)
gneis fra magmatisk ba.

(@))
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Protolith Metamorphic rock
Protolitt Metamorf bergart

(a)

. v’p -
(b) Vi

e

()

d) /

FIGURE 8.2 Examples of protoliths and metamorphic rocks derived from
them, illustrating different mechanisms of metamorphism. Each box contains a

tyn nsli Pp sketch of a thin section, with the field of view about 1 mm wide. (@) A protolith
of siltstone recrystallizes to form metamorphic rock made of larger quartz
crystals of the same mineral. (b) Metamorphic reactions (neocrystallization) in
a protolith of silty shale will form a rock formed of quartz, mica, large garnets,
and other minerals. (¢) A protolith of oolitic limestone (an oolite is a tiny
snowball-like sphere of calcite with internal concentric rings) undergoes
pressure solution so that grains have dissolved on two sides. (d) A protolith of
quartz sandstone deforms plastically to produFe a metamorphic rock in which
the quartz grains have been flattened into wavy pancakes.
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Unmetamorphosed Rocks

Umetamorfe bergarter
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FIGURE 8.23 In a metamorphic aureole bordering an igneous intrusion,
the highest-grade thermally metamorphosed rocks directly border the
intrusion. The grade decreases away from the pluton. The gradation is
analogous to the gradation from clay to pottery to porcelain, obtained by
firing clay in an oven.
Medlum-grade hornfels

IO RIREC YO T rad
mellom grad ¥1 -grade
Low-grade hornfels hornfels
Unm‘e’tgmorphosed

sediment

‘magma
som
storkner

“Kontaktmetamorfose”
(i kontakt med magma)

som porselen:
muslig brudd
“tink-tink” lyd
ingen foliasjon
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okende metamorf “grad’”
mot intrusjonen

GURE 8.24 The metamorphic aureole around the
1awa Pluton, Maine. (a) The width of the preserved aureole
ries with location, as seen on this map of the pluton. The

ange in rock texture can be seen by comparing the following
etches of the three photomicrographs. Each sketch shows the
neral grains visible. (Not all of the labeled minerals are discussed
this book.) (b) Far from the pluton, the country rock is a slate
nsisting of aligned clay and very fine quartz. The thin, darker bands
sresent cleavage. (€) In the low-grade part of the aureole, a totally
w hornfels texture has formed. This sample contains larger crystals of
artz, biotite, muscovite, andalusite, and other minerals. (d) In the high-
ade part of the aureole, the hornfels is much coarser and contains
ferent minerals. The muscovite has vanished, and this sample contains
ge crystals of biotite, quartz, sillimanite, andalusite, and other minerals.
ite that there is no preferred mineral orientation in hornfels.

lav grad

ingen foliasjon (S1),
fordi kontakt

Geologer ser etter spesielle mineraler metamorfose
S g P ~er statisk, ikke
for a bestemme metamorf grad av hornfels. dynamisk

hoy grad

Perthite § -
‘| O Andalusite hornfels

@ tynnslipp
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“Regionalmetamorfose”
SN | = Schou Jensen.pdf (page 90 of 112) ~

| Kaledonidene
Modell av den til- : R

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.

Tgktd® Leirskifer
Leirstein

Foldet fyllitt Foldet glimmerskifer

okende grad over en region, gker ofte mot midten av en fjellkjede
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Regionalmetamorfose: gkende grad over en hel region, ofte mot midten av en fjellkjede
N ) = Schou Jensen.pdf (page 90 of 112) ~

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 heyre). De to
siste bergartene
illustrerer granitt-
smelting i for-
bindelse med
fiellkjedefolding.
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Takskater N —— Foldet gneis
a) Leirskifer (“pelitisk”) 4 a) Gneis
b) Basalt (mafisk) %" . Foldet gimmerskier |y) Amfibolitt
c) Kalkstein a) Fyllitt, a) Glimmerskifer c) Marmor
d) Granitt b) Gronnstein b) Amfibolitt d) Gneis
c) Kalkstein/marmor c) Marmor
d) Granitt d) Gneis

a->a->a->a
b->b->b->b
OSV.

(Metamorfosegrad og deformasjon oker nordvestover fra Trondheim.
Nasrmere kollisjons-sonen.)
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name

"

maf

Mineral @ Rock Grade

occurance

og passende

Basalt er

[lerdens mest

vanlig magmatisk ba.

v

Rock

o [SKITel te o, matite

e
pelitisk
(leir-rik)

Mineral
occurance

og passende

jemi for spesielle mineraler

(granitt har kjedelig kjemi)

Leirskifer er

vanlig sedimentaere ba.

(sands

*Note: The temperature at which partial melting depends on rock
composition and water content. Mafic rocks begin to melt
at higher temperatures than do pelitic rocks. Wet rocks

(b) melt at lower temperatures than do dry rétks.

Eerdens mest

jemi for spesielle mineraler

tein har kjedelig kjemi)



= Marshak.pdf (page 267 of 957) -

Rock Grade

Mineral
occurance name

Oval rundt mineraler
som har vann
(OH) i gitter.

Hvis det er nok

Ingen vann Mye vann Noe vann Ingen vann o o as
i . . . e . i vann, sa blir det
i basalt I gronnskifer i amfibolitt I granulitt :
partiell smelte.

Basalt er Kloritt, epidot, Hornblende
svart. og Aktinolitt er svart.

er alle gronne. Derfor er

Derfor er amfiblitt

gronnskifer svart og

gronn. ikke gronn.
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" Denne matpakken er som bergarter. W 3
Opprinnelig er ost fuktig og knekkebrod tort. :

Som leirskifer (fuktig) og basalt (tort)

g

Etterpa, hvis litf'varme, blir alt grenn (muggen)
0g minner om gronnstein. Hvis etterpa
. varmet i stekeovn, vil alt torke helt ut igje
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Rock Grade

Mineral
occurance name

al rundt minera
som har vann
(OH) i gitter.

Rock
nam

Mineral
occurance

!

*Note: The temperature at which partial melting depends on rock

composition and water content. Mafic rocks begin to melt
at higher temperatures than do pelitic rocks. Wet rocks
(b) melt at lower temperatures than do dry ristks.
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Medium

Grade

al rundt minera
som har vann
(OH) i gitter.

Rock
name

granittisk
partiell smelte

Mineral
occurance

*Note: The temperature at which partial melting depends on rock
composition and water content. Mafic rocks begin to melt
at higher temperatures than do pelitic rocks. Wet rocks

(b) melt at lower temperatures than do dry ritks.
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Oval pa mineraler
med vann.
Biotitt overlever
ved hoy grad, men andre
vatte mineraler ikke

matite

Rock
name

Mineral
occurance

3a dannes og end
metamorf plagio
r metamorf plagio

*Note: The temperature at which partial melting depends on rock
composition and water content. Mafic rocks begin to melt
at higher temperatures than do pelitic rocks. Wet rocks

(b) melt at lower temperatures than do dry rStks.



= Marshak.pdf (page 267 of 957) ~

Rock Grade

Mineral

matite

Rock
nam

Mineral
occurance

d pil er
eraler.
mum temp.

I

*Note: The temperature at which partial melting depends on rock

composition and water content. Mafic rocks begin to melt
at higher temperatures than do pelitic rocks. Wet rocks
(b) melt at lower temperatures than do d#y rocks.
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Victor Goldschmidt

From Wikipedia, the free encyclopedia

For other uses, see Victor Goldschmidt (disambiguation).

This article has multiple issues. Please help improve it or discuss these issues on the talk page. [hide]

Q (Learn how and when to remove these template messages)

e This article's factual accuracy is disputed. (December 2012)
e The neutrality of this article is disputed. (December 2012)

Victor Moritz Goldschmidt ForMemRs!!! (Ziirich, January 27, 1888 — M [2I8I[4][5] was a
mineralogist considered (together with Vladimir Vernadsky) to b€ the founder of modern geochemistry and crystal

chemistry, developer of the Goldschmidt Classification of elements.

Contents [hide]
1 Early life and career
2 New theories
3 Achievements
4 Later life
5 See also
6 References
7 External links

Early life and career [edit]

Goldschmidt was born in Zurich. His Jewish parents, Heinrich Jacob Goldschmidt and Amelie Koehne named their
son after a colleague of Heinrich, Victor Meyer. There was a history of great scientists and philosophers in both
families. The Goldschmidt family came to Norway 1901 when Heinrich Goldschmidt took over a chair as Professor of
Chemistry in Kristiania (Oslo).

Goldschmidt’s first important contribution was within the field of geology and mineralogy. His two first larger works
were his doctoral thesis Die Kontaktmetamorphose im Kristianiagebiet and Geologisch-petrographische Studien im

22

Hochgebirge des stdlichen Norwegens.

Victor Moritz Goldschmidt

Young Victor Goldschmidt

Born January 27, 1888
Zurich, Switzerland
Died March 20, 1947 (aged 59)

Oslo, Norway
Fields Geochemistry
Institutions University of Oslo
Alma mater University of Oslo

Thesis Die Kontaktmetamorphose im
Kristianiagebiet and Geologisch-
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FIGURE 8.19 When shale progressively metamorphoses from low grade
to high grade, it first becomes slate, then phyllimschist then gneiss. In
many cases, gneiss and schist can form under e conditions. The
side graph shows the stability range of various minerals.

ikke-metamorf ba.

“Indeks mineraler”
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CANADA - leirskifer er rik pa aluminium (Al).
okning ( disse “indeks” mineraler forekommer i
2R fyllitt-glimmerskifer-gneis
o Ay (de|oppstar ikke i ba. med lite Al)
ADB - 3 indeksmineralene gir navn til sonene
CAR™ i J |
kloritt “sone”: omrade med hoy nok temp.
til dannelse av kloritt

ATLANTIC biotitt sone: omrade med hgy nok temp. til

OCEAN dannelse av metamorf biotitt
granat sone: (samme prinsipp)
staurolitt:

to
kyanitt: (ikke forekommer her fordi trykk var for lav)
NEW YORK \
e &£ sillimanitt:
Unmetamorphosed
Chlorite/muscovite |
PENNSYLVANIA Bt
L 10tite zone
K Medium ([ [] Garnet zone
: W Long grade | |_|Staurolite zone
RSEY Island High grade Sillimanite zone ¥
¥Kning

FIGURE 8.21 Metamorphic zones as portrayed on a map of New England “jsograd”: nedre temperaturgrense for
(U.S.A)). Isograds, defined by the first appearance of an index mineral, den angitte “sonen”.

separate the zones. 26
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Geologer sier “Medium grade” (ikke “Intermediate grade”!)
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Det er ikke enighet mellom Marshak og Nelson om temperatur skala.
(Uenigheter er vanlig i geologi.)

For eksempel: grense mellom
lav-grad/mellom-grad er 400° ved Marshak, bare 300° ved Nelson

30
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FIGURE 8.3 The stability fields for three metamorphic minerals (kyanite,
andalusite, and sillimanite) that are polymorphs of AloSiOg (aluminum
silicate) can be depicted on a phase diagram. At a pressure of 2 kbar and a
temperature of 450°C (point X), andalusite is stable. At 5 kbar and 450°C
(point Y), kyanite is stable. At 5 kbar and 650°C (point 2), sillimanite is
stable. 31
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FIGURE 8.3 The stability fields for three metamorphic minerals (kyanite,
andalusite, and sillimanite) that are polymorphs of AloSiOg (aluminum
silicate) can be depicted on a phase diagram. At a pressure of 2 kbar and a
temperature of 450°C (point X), andalusite is stable. At 5 kbar and 450°C
(point Y), kyanite is stable. At 5 kbar and 650°C (point 2), sillimanite is

stable.
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“Prograd” (gkende temp.) Temperature

“Retrograd” (minkende temp.) )

ressure

Bergart starter ved =~
overflaten og blir
presset ned.

Bergarter merker trykk-

endring oyblikkelig,

mens temperaturendring

tar tusener av ar FIGURE 8.20 The metamorphic history of a rock can be portrayed on a

a merkes. graph showing variations in temperature and pressure. This graph shows
one of many possible paths. As a rock experiences increased heating and
pressure, it undergoes prograde metamorphism. As the temperature and
pressure decrease, the rock undergoes retrograde metamorphism, if water
can be added back. P, is the peak pressure, and T, is the peak tempera-
ture. In this example, the rock was buried so quickly that it reached its peak
pressure before it reache®®ts peak temperature.
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FIGURE 8.3 The stability fields for three metamorphic minerals (kyanite,
andalusite, and sillimanite) that are polymorphs of AloSiOg (aluminum
silicate) can be depicted on a phase diagram. At a pressure of 2 kbar and a
temperature of 450°C (point X), andalusite is stable. At 5 kbar and 450°C
(point Y), kyanite is stable. At 5 kbar and 650°C (point 2), sillimanite is
stable. 34



