Magma Evolution Activity

You have 400 grams of magma atoms
(oxygen, the most abundant, is not included)
Each poker chip is
1 gram of a specific atom.
Separate chips into colored stacks.

What is the highest percentage atom?
Next most abundant?

Magma Evolution Activity

Si (silicon) =

Al (aluminum) =
K (potassium) =
Ca (calcium) =
Fe (iron) = red
Mg (magnesium) =
OH (hydroxide - water) =
Na (sodium) = blue
P, Mn, Ti, Au, Ag (rare elements) = black

Magma Evolution Activity

What percentage of the magma
is right now?
(# +400) x 100 = percentage =

What should happen to that percentage as
we evolve the magma chamber?

Magma Evolution Activity

What percentage of the magma

is right now?
(# +400) x 100 = percentage =

What should happen to that percentage as

we evolve the magma chamber?

Primitive
Magma | %

Si 200 50

Al 61 15

K 8 2

Ca 26 6

Fe 42 10

Mg 85 9

OH 17 4

Na 12 3

P, Mn, Ti, Au.. 1 0
TOTAL 402 100

Primitive
Magma | %

Si 200 50

Al 61 15

K 8 2

Ca 26 6

Fe 42 10

Mg 35 9

OH 17 4

Na 12 3

P, Mn, Ti, Au.. 1 0
TOTAL 402 100




Magma Evolution Activity

What percentage of the magma

is Fe right now?
(# +400) x 100 = percentage =

What should happen to that percentage as
we evolve the magma chamber?

Magma Evolution Activity

What percentage of the magma
is Gold (Au) right now?
(# +400) x 100 = percentage =

What should happen to that percentage as

we evolve the magma chamber?

Magma Evolution Activity

Using the mineral handout (in bag),

Review how to create a mineral stack,
based on chemical formula.

You will do this same thing as minerals are
removed from magma.
ALWAYS KEEP MINERALS IN THEIR
OWN SEPARATE STACKS, to prevent
mistakes.

Primitive
Magma | %

Si 200 50

Al 61 15

K 8 2

Ca 26 6

Fe 42 10

Mg 85 9

OH 17 4

Na 12 3

P, Mn, Ti, Au.. 1 0
TOTAL 402 100

Primitive
Magma | %

Si 200 50

Al 61 15

K 8 2

Ca 26 6

Fe 42 10

Mg EE 9

OH 17 4

Na 12 3

P, Mn, Ti, Au.. 1 0
TOTAL 402 100
Plagioclase

Olivine | (Ca) Pyroxene | Magnetite

FeMgSiO4 | CaAl2Si208

CaMgSi206

Fe304
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Plagioclase
(Na) Hornblende Biotite
NaAlISi308 | CaNaFe2Mg2AI3Si6022(0OH)2 | KMgFe2AlSi3010(OH)2
white | Si 3 6 8]
green | Al 1 3 1
yellow | K 1
lilac Ca 1
red Fe 2 2
orange | Mg 2 1
light
blue OH 2 2
blue Na 1 1
P,
Mn,
black | Ti

K-spar Muscovite Quartz
KAISi308 | KAI3Si3010(OH)2 | SiO2
white Si 3 3 1
green Al 1 3
yellow K 1 1
lilac Ca
red Fe

orange Mg

light blue | OH

Magma Evolution Activity

STAGE 1: Remove
10 Olivines
(move them to their own area — imagine the bottom of the
magma chamber — and keep them in 10 individual stacks. Do
same for rest of stages.)

WHAT IS THE COMPOSITION OF ROCK FORMED
FROM THIS COMBINATION OF REMOVED
MINERALS?

blue Na
black P, Mn, Ti
Bowen's Reaction Series
EXTRUSIVE INTRUSIVE
COMPOSITION  Of vOLCANMIC  OR PLUTONIC i
NAME [

FIOCK HAME  PIOCK NAME

Magma Evolution Activity

AFTER MINERAL REMOVAL, WHAT
IS THE NEW:

IR0 QPERCENTAGE?
PERCENTAGE?
GOLD PERCENTAGE?

Magma
Primitive after
Magma | % stagel |%

Si 200 50 190 51

Al 61 15 61 16

K 8 2 8 2

Ca 26 6 26 7

Fe 42 10 32 9

Mg 35 9 25 7

OH 17 4 17 5

Na 12 B 12 3

P, Mn, Ti, Au.. 1 0 1 0
TOTAL 402 100 372 100




Magma Evolution Activity

Bowen's Reaction Series

EXTRUSIVE  INTRUSIVE
COMPOSITION  OR VOLCAMC OR PLUTONIC  Disconsinuous series High et
NAME POCK HAME  POCKNAME o w minomis (st o crystaliza)

STAGE 2: Remove Uamase La— ‘
5 Olivines T T
Mafic Basalt Gatbro &
5 Ca Plagioclase 7

WHAT IS THE COMPOSITION OF ROCK r —

FORMED FROM THIS COMBINATION OF N
REMOVED MINERALS? -:..?. *"“'*'f\ «'\f\:m;"\-w and plagociase and possbly sma
Magma Evolution Activity Magma after Magma
stage 1 % after stage 2 %
Si 190 51 175 58]
1
AFTER MINERAL REMOVAL, WHAT o 681 R 581 R
Fe 32 9 27 8
i elONBPER CENTAGE? Mg > - 20 .
PERCENTAGE? OH 17 5 17 5
GOLD PERCENTAGE? Na 2 3 7 4
P, Mn, Ti, Au.. 1 0 1 0
TOTAL 372 100 332 100

Magma Evolution Activity

Bowen's Reaction Series
EXTRUSIVE NTRUSH
COUPO’I ON  OAVOLCAMIC OR PLUTONIC  Disconsinuous seres High semparahee
E ) AOCK MAME ~ ROCK NAME of ||-.\|<’ Sanemls (8rst Yo crystalize)
STAGE 3: Remove
3 Olivines
3 Ca Plagioclase

3 Pyroxenes

WHAT IS THE COMPOSITION OF ROCK
FORMED FROM THIS COMBINATION OF
REMOVED MINERALS?




Magma Evolution Activity

AFTER MINERAL REMOVAL, WHAT
IS THE NEW:

IR0 RPERCENTAGE?
PERCENTAGE?
GOLD PERCENTAGE?

Magma Magma
after after

stage 2 % stage 3 %

Si| 175 58] 160 54

Al 51 15 45 15

K 8 2 8 3

Ca| 21 6 15 5

Fe 27 8 24 8

Mg| 20 6 14 5

OH| 17 5 17 6

Na| 12 4 12 4

P, Mn, Ti, Au.. 1 0 1 0
TOTAL| 332 100 296 100

Magma Evolution Activity

STAGE 4: Remove
3 Ca Plagioclase
3 Pyroxenes
1 Magnetite
1 Na Plagioclase

WHAT IS THE COMPOSITION OF ROCK
FORMED FROM THIS COMBINATION OF
REMOVED MINERALS?

Bowen's Reaction Series

Magma Evolution Activity

AFTER MINERAL REMOVAL, WHAT
IS THE NEW:

IR0 QPERCENTAGE?
PERCENTAGE?
GOLD PERCENTAGE?

Magma Magma
after after

stage 3 % stage 4 %

Si 160 54 145 56

Al 45 15 38 15

K 8 3 8 3

Ca 15 5 9 3

Fe 24 8 21 8

Mg 14 5 11 4

OH 17 6 17 7

Na 12 4 11 4

P, Mn, Ti, Au.. 1 0 1 0
TOTAL 296 100 261 100




Magma Evolution Activity

STAGE 5: Remove
3 Ca Plagioclase
1 Pyroxenes
1 Magnetite
3 Na Plagioclase
1 Hornblende

WHAT 1S THE COMPOSITION OF ROCK
FORMED FROM THIS COMBINATION OF
REMOVED MINERALS?

Bowen's Reaction Series

EXTRUSIVE  INTRUSIVE

Magma Evolution Activity

AFTER MINERAL REMOVAL, WHAT
IS THE NEW:

IR0 RPERCENTAGE?
PERCENTAGE?
GOLD PERCENTAGE?

Magma Evolution Activity

STAGE 6: Remove
1 Ca Plagioclase
1 Magnetite
3 Na Plagioclase
2 Hornblende
1 Biotite

WHAT IS THE COMPOSITION OF ROCK FORMED
FROM THIS COMBINATION OF REMOVED
MINERALS?
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Magma Magma
after after
stage 4 % stage 5 %
Si 145 56 122 59
Al 38 15 26 13
K 8 3 8 4
Ca 9 3 4 2
Fe 21 8 16 8
Mg 11 4 8 4
OH 17 7 15 7
Na 11 4 7 3
P, Mn, Ti, Au.. 1 0 1 0
TOTAL 261 100 207 100
Bowen's Reaction Series
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Magma Evolution Activity

AFTER MINERAL REMOVAL, WHAT
IS THE NEW:

IR0 RPERCENTAGE?
PERCENTAGE?
GOLD PERCENTAGE?

Magma Magma
after after

stage 5 % stage 6 %

Si 122 59 96 69

Al 26 13 14 10

K 8 4 7 5

Ca 4 2 1 1

Fe 16 8 7 5

Mg 8 4 3 2

OH 15 7 9 6

Na 7 B 2 1

P, Mn, Ti, Au.. 1 0 1 1
TOTAL 207 100 140 100

Magma Evolution Activity

STAGE 7: Remove
1 Magnetite
1 Na Plagioclase

1 Hornblende
1 Biotite

3K Hdspar

1 Muscovite
50 Quartz

WHAT IS THE COMPOSITION OF ROCK FORMED

FROM THIS COMBINATION OF REMOVED
MINERALS?

Bowen's Reaction Series

Magma Evolution Activity

AFTER MINERAL REMOVAL, WHAT
IS THE NEW:

IR0 QPERCENTAGE?
PERCENTAGE?
GOLD PERCENTAGE?

Magma Magma
after after

stage 6 % stage 7 %

Si 96 69 22 71

Al 14 10 3 10

K 7 5 2 6

Ca 1 1 0 0

Fe 7 5 0 0

Mg 3 2 0 0
OH 9 6 3 10

Na 2 1 0 0

P, Mn, Ti, Au.. 1 1 1 3
TOTAL 140 100 31 100




Silicon Volume Percent

MAGMA EVOLUTION RESULTS
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Stage of Crystal Fractionation




