Mount Etna and Volcanic Rocks







Three Volcanic Regions










Etna Summit 1987




Cinder cone and ski area, Mt Etna 1987




Cinder cones, southeast flank Mt Etha 1987




Lava tube, Mount Etna, 1987
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http://www.meta-synthesis.com/webbook/35_pt/pt_database.php?PT_1d=335




What do these have in common?

The Moon and Earth The Willamette Meteorite

http://ecimages.gsfc.nasa.gov/images/i http://blog.oregonlive.com/clackamascounty/2007/10
magerecords/3000/3020/apollo_Irg.jpg /BigMeteor.JPG




What do these have in common?

The Earth The Willamette Meteorite

http://www.indiana.edu/~geol116/week?2/earthcomp.jpg

http://blog.oregonlive.com/clackamascounty/2007/10
/BigMeteor.JPG




What processes concentrate some elements in the crust?

http://www.indiana.edu/~geol116/week?2/earthcomp.jpg




Element Wt % Oxide Atom %
60.8

Si 59.3 a¥]  Abundance of the elements

15.3 6.4 : ;
75 59 in the Earth’s crust

6.9 2.6
4.5 24
2.8 1.9

Major elements usually greater than 1%

Si0, AlLO, FeO*MgO CaO Na,0O K,0 H,O
Minor elements usually 0.1 - 1%

TiO, MnO P,0O, CO,
Trace elements usually < 0.1%everything else
What processes concentrate the trace

Thi@slgmi@ﬂ$§Ww.whitman.ed u/geology/winter/ Petrology/Ch%2008%20Major%20Elements.ppt




Can we extract the trace elements economically?
What geologic processes further increase their concentration?

Chemistry of Continental Crust by Weight

Aluminum Hydrogen
8% 0.14%
Oxygen 1400 ppm
72 Phosphorus
0.12 %
Silicon
27 %
All other elements ) About 0.1 26 (1000 ppm]

about1 % or 10,000 Zn, Cu, Ni, Pb, Mo, Th,

http://www.uwgb.edu/dutchs/Graphics-Geol/rockmin/ccrustwt. gif




What processes alter crustal composition”?

 Magmatism
» Sedimentation
 Metamorphism




Ultra-Basic
Peridotite

Basic
Basalt

Intermed
Andesite

Felsic

Magmatism produces these major element averages:

Chemical analyses of some representative Igneous Rocks

Intermed

Rhyolite Phonolite

42.26
0.63
4.23
3.61
6.58
0.41

31.24
5.05
0.49
0.34
3.91

98.75

49.20
1.84
15.74
3.79
7.13
0.20
6.73
9.47
2.91
1.10
0.95

99.06

57.94
0.87
17.02
3.27
4.04
0.14
3.33
6.79
3.48
1.62
0.83

99.3

72.82
0.28
13.27
1.48
1.11
0.06
0.39
1.14
3.95
4.30
1.10

99.50

56.19
0.62
19.04
2.79
2.03
0.17
1.07
2.72
7.79
5.24
1.57

99.23

This slide from: www.whitman.edu/geology/winter/ Petrology/Ch%2008%20Major%20Elements.ppt



Major Digression!

Atoms?
Elements?
Compounds?

Minerals?

Rocks?
What is going on here?




One Illustrated Helium Atom

http://schools-wikipedia.org/wp/a/Atomic_nucleus.htm




oen Atom

diameter of atom There are three factors that determine
the electron configuration in an atom.
—— diameter of outer electron shell — a) Attractive force from the nucleus to
(outer orbit) negative charged electrons.

gﬁﬁgg sﬁ%ﬁl_lsl };ztéveen b) Buoyant force exerted on the
electron shell-2 electrons by space matter in the atom

c) Repulsive forces between electrons
(electrons within a shell and
electrons from mner and outer shells).

Since the incredibly constant density
and elasticity of space matter at
every fixed distance from the center
of the nucleus of an atom, each of
that region of space matter act as
resonant columns with unique natural
frequencies. Since the density of
space matter decreases with the

- increasing of the distance from
nucleus, each of the different space
matter density regions act as shells.

wclens

outer transitory shells

Cross sectional diagram of an oxygen atom
Please note: Electrons in an electron shell will be configured i spherically.

http://physics-edu.org/Chemical_Energy.htm



One Silicon Atom 12 Silicon Atoms

Electrons

Silicon Atoms sharing electrons to

Need for e/lectron make each other happy.

http://electronics-for-beginners.com/pages/page/3/




Silicon Tetrahedron: the building block of most minerals

http://pubpages.unh.edu/~harter/Tetra.gif




Nesosilicate:

Garnet
Fosterite
Fayalite
Kyanite
Olivine
Sillimanite
Sphene
Topaz
Zircon

\ 4

http://www.uwsp.edu/geo/projects/geoweb/participants/dutch/PETROLG Y/NesoSoro. HTM

Sorosilicate
Epidote
Zoisite
Bertrandite
Idocrase




Single Chain: Pyroxenes (Augite, Diopside, Enstatite, Jadite)

http://www.earth.ox.ac.uk/~davewa/pt/pt02_px.html




Double Chains: Amphiboles (Hornblende, Riebeckite, Tremolite)

http://www.chem.ox.ac.uk/icl/heyes/structure_of_solids/Lecture4/SilP3.gif




Cyclosilicate
Tourmalines
Beryl

http://www.uraniumminerals.com/Tutorials/Silicates/Cyclosilicate.jpg




Phylosilicates
Micas
Biotite
Muscovite
Lepidolite
Phlogopite

Chlorite Clays
Kaolinite
Pyrophyllite
Talc

Prehnite

Serpentine

http://www.uraniumminerals.com/Tutorials/Silicates/Phylosilicate.jpg




Aluminum Octahedron: A major component of clay minerals

http://pubpages.unh.edu/~harter/crystal.htm




Kaolinite (1:1)
Nonexpansive
& e

@ Oxygen
~ Silicon

Illite (2:1) Vermiculite (2:1)
Nonexpansive Moderately
Expansive

Y
-1.5
m

Water molecules
v and cations

Structure of Clays

Created by Josh Lory for wwwesollsurvey.org

5

@ Oxygen, Hydroxyl
@ Aluminum

Smectite (2:1) Chlorite (2:1)
Highly Nonexpansive
Expansive

Water molecules
and cations




Ultra-Basic
Peridotite

Basic
Basalt

Intermed
Andesite

Felsic

Magmatism produces these major element averages:

Chemical analyses of some representative Igneous Rocks

Intermed

Rhyolite Phonolite

42.26
0.63
4.23
3.61
6.58
0.41

31.24
5.05
0.49
0.34
3.91

98.75

49.20
1.84
15.74
3.79
7.13
0.20
6.73
9.47
2.91
1.10
0.95

99.06

57.94
0.87
17.02
3.27
4.04
0.14
3.33
6.79
3.48
1.62
0.83

99.3

72.82
0.28
13.27
1.48
1.11
0.06
0.39
1.14
3.95
4.30
1.10

99.50

56.19
0.62
19.04
2.79
2.03
0.17
1.07
2.72
7.79
5.24
1.57

99.23

This slide from: www.whitman.edu/geology/winter/ Petrology/Ch%2008%20Major%20Elements.ppt




Figure 18-2. Alumina saturation classes based on the molar proportions of Al,0,/(CaO+Na,0+K,0) (“A/CNK?”) after
Shand (1927). Common non-quartzo-feldspathic minerals for each type are included. After Clarke (1992). Granitoid
Rocks. Chapman Hall.




FELSIC ‘INTERMED! MAFIC ILJLTRAMAFIC
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The rocks to the left do

I__gf{"ajt% VHLE o d| not fit easily into the
LT the chart above.




http://www-personal.umich.edu/~jmpares/igneous1.jpg




Summary of Digression:

Atoms-made of p, e, n
Elements-differ in number of p, e, n
Compounds-made of elements
Minerals-mostly silicates

Rocks-made of minerals




How do we get different magmas from a single melt?

Peridotite

Basaltic

Andesitic

Granite

Bowen’s Reaction Series 1200°C

Olivine 100% Ca Plagioclase

Pyroxene

900°C
Amphibole

L 100% Na Plagioclase
Biotite

Potassium Feldspar

Muscovite
v

Quartz




This slide modified from: www.whitman.edu/geology/winter/ Petrology/Ch%2008%20Major%20Elements.ppt




What is *‘partial melting of the mantle?

Incompatible Elements: elements that do not fit well in a mineral
structure.

During partial melting the incompatible elements move from the
solid mineral phase to the newly forming liquid phase.

Solid Depleted Mantle
1-compatible element
2-compatible element
Partial 3-compatible element

Solid Primitive Mantle
1-compatible element

2-compatible element

3-compatible element :
4-incompatible element | Melting The Melt
S-incompatible element
6-incompatible element

4-incompatible element
S-incompatible element
6-incompatible element




Which elements are ‘““‘compatible’ with each other?

Si Fe S

The Goldschmidt Classification of Elements

http://www4.nau.edu/meteorite/Meteorite/Images/GoldschmidtClassification. jpg




How to describe a volcanic hand specimen

Grande Ronde Flow, Columbia River Basalt Group
Upper Clackamus River, Oregon




How to describe a volcanic hand specimen

Grande Ronde Flow, Columbia River Basalt Group
Upper Clackamus River, Oregon




Lava flow hand specimen, Monte Somma, Naples, Italy




Lava flow hand specimen, Monte Somma, Naples, Italy




Color?
Phenocrysts
Vesicles?

Hand specimen lava flow, Craters of the Moon, Arco, Idaho




Dark reddish grey
Vesicular basalt

Hand specimen lava flow, Craters of the Moon, Arco, Idaho




Color?
Phenocrysts?
Vesicles?

Grain size?

Hand specimen, lava flow, Timberline Lodge, Mt Hood, Oregon




Grain size?

Hand specimen, lava flow, Timberline Lodge, Mt Hood, Oregon




Do your labels distinguish these four samples?




Color?
Phenocrysts?
Vesicles?

Grain size?




Air Fall Tuff

Coldwater Canyon, Mount St Helens, Washington




Color?
Penocrysts?
Vesicles?

Grain size?




Light to medium grey Pumice

East flank, South Sister, Oregon Cascades










Geological map of Mount Etna
from INGV Catania web site
(courtesy of Stefano Branca).
Key: (1) Recent alluvial
deposits;

(2) Mongibello (past 15,000
years) eruptive products
(2a) "Chiancone" volcani-
clastic debris deposit;

(3) Ellittico eruptive products;

(4) Valle del Bove centers
eruptive products;

(5) Timpe phase eruptive
products;

(6) Basal Tholeiites;

(7) Sedimentary basement;

"Faglia" = fault,
"Orlo della Valle del Bove" = Valle del Bove rim; "Crateri Sommitali" = Summit craters







Monte Etna Cross-Section




Modified after COLTELLI et al., (1994) Modified after ROMANO (1982)

Recent Mongibello
Elllmco
Le Concazze Pomiciaro MONGIBELLO Ellittico
Tnpodo

Glanmcola TRIFOGL[ETTO Trifoglietto 2

-
Trifoglietto 1
Rocca Capra ANC. ALK. CENTRES

Table 1 - Tentative correlation between UBS Units and earlier ones for the Etnean succession more recent than about 100 ka.




Ash from vents F3 & F5 on Piano de Lago, Mt Etna

Photo taken by Giuseppe Scarpinati on 22 July 2001

http://www.ct.ingv.it/index.php?option=com content&view=article&id=
406%3A10-years-ago-the-july-august-2001-eruption-of-etna&catid=102%3Aetna&lang=en




July 2001 Eruption

July 28 Piano del lago YUY %% 2001

1982 lava

July 28

http://www.ct.ingv.it/index.php?option=com_content&view=article&id=
406%3A10-years-ago-the-july-august-2001-eruption-of-etna&catid=102%3Aetna&lang=en










Behncke and Neri 2003







Fig. 9 A Hypothetical N-S section across the Piano
del Lago—Montagnola area, showing possible

stratigraphic relationships and inferred Position of a
shallow aquifer on top of an impermeable horizon,

fed by meltwater currents from the summit area. Box
indicates area enlarged in B and C. B Cartoon

depicting magma—water interaction at F5 when the
Fragmentation level (indicated by horizontal yellow

arrow) was at about the same elevation (or immediately
below) the assumed aquifer and Phreatomagmatic
(Surtseyan) activity was generated (19-24 July).

C The same scene, but during 25-31 July, when the
Fragmentation level had risen above the aquifer,
essentially preventing phreatomagmatic interaction

and permitting magmatic activity with rapid growth of a
pyroclastic cone. Proportions of the conduit, fill of early-stage
vent, and position and thickness of aquifer are hypothetical

Behncke and Neri 2003




Volcanic Magnitude

M = magnitude
M = mass of tephra or lava










A Simplified Volcanic Activity
Classification

Diffuse degassing and fumeroles
Hawaiian eruptions

Lava lakes

Strombolian eruptions

Vulcanian eruptions

Visuvian or sub-plinian eruptions (M4)
Plinian eruptions (M=4+)

Pelean eruptions

Hydrovolcanic eruptions




Viscosity of Diverse Materials

motor oil  andesite mantle
Iava>_‘ rhyolite lava rocks

PV e
3

water— o basalt lava poise

Syrup viscosity increases

http://www.earth.northwestern.edu/people/seth/107/Rocks/Image24.gif




http://disc.sci.gsfc.nasa.gov/geomorphology/GEO 3/GEO_CHAPTER _3.shtml




Francis and Oppenheimer 2004




Francis and
Oppenheimer 2004)

Impact of water on small basaltic eruptions




Formation of Crater Lake
Howell Williams (1941)

(reproduced in Francis and Oppenheimer 2004)




Francis and
Oppenheimer 2004)




