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TA NMNIOANA INMPQTAPXIKA OPYKTA TOY ZYMIIANTOz

Mineralogical Co-Evolution of the Geo- and Biospheres

“Ur”-Mineralogy

Pre-solar grains contain about a dozen
micro- and nano-mineral phases:

* Diamond/Lonsdaleite

* Graphite (C)

* Moissanite (SiC)

+ Osbornite (TIN)

* Nierite (Si,N,)

+ Rutile (TiO,)

+ Corundum (AL,O,)

+ Spinel (MgAl,O,)

* Hibbonite (CaAl,,0,,)

* Forsterite (Mg,SiO,)

+ Nano-particles of TiC, ZrC, MoC, FeC,
Fe-Ni metal within graphite.

* GEMS (silicate glass with embedded
metal and sulfide).

By Professor R. Hazen:
http://www.youtube.com/watch?v=PcktDStIfiQ
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Triassic evolution of the western Neotethys: constraints
from microfabrics and U-Pb detrital zircon ages of the Plattenkalk
Unit (External Hellenides, Greece)
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Abstract

The Plattenkalk Unit forms the structurally deepest nappe of the External Hellenides and plays a key role for the reconstruc-
tion of Triassic paleogeography in the western Tethyan realm. To shed light on the provenance of the Plattenkalk Unit, we
present microfabrics and U-Pb detrital zircon data obtained from quartzite and metaconglomerate of its basal part (Kastania
and Transitional Beds exposed on the southern Peloponnesus). A Minoan-type age spectrum of detrital zircons, together
with inherited deformation microfabrics of detrital components, points to a very low- to low-grade metamorphic basement as
source rock that was situated along the northern passive margin of Apulia facing the Neotethys in the north. The siliciclastic
rocks of the Kastania Beds reflect the late Permian/early Triassic opening of the Neotethys, whereas the Transitional Beds
indicate the late Triassic facies change toward the Pantokrator-type dolomite, which is a characteristic rock of late Triassic
Tethyan carbonate platforms. Dolomite and evaporites of the Trypali Unit, on the other hand, were deposited vis-a-vis along
the southern passive margin of Cimmeria. This Triassic configuration of Tethyan basins fits well with the S/SW-directed
transport and the recent vertical succession of the Hellenic nappes. The proposed Triassic position of the Plattenkalk basin
implies that the Apulian microplate was not part of the Cimmerian block since Permian times. The separation of the Apulian
microplate from Gondwana is attributed to the Jurassic breakup of Pangea resulting in the opening of the Mesogean ocean,
the relics of which are undergoing subduction beneath the Aegean microplate still today.
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Fig.1 a Map showing the distribution of main tectonic units in
Greece and western Turkey in the eastern Mediterranean region
(modified after Xypolias et al. 2006). b Simplified geological map of
the External Hellenides in Peloponnesus and Crete (modified after

@ Springer

Xypolias et al. 2007; Chatzaras et al. 2016). The trace of the Paleo-
tethys suture (orange dashed line) is based on Darr et al. (2015),
Zulauf et al. (2015, 2016, 2018) and Chatzaras et al. (2016)
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Railsback's Some Fundamentals of Mineralogy and Geochemistry

Hardness of minerals |I: the Mohs scale
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Mineralogists conventionally characterize the hardness of
minerals by the Mohs Scale, which was devised by the German
mineralogist Friedrich Mohs in 1812. This scale runs from 1 at
the softest to 10 at the hardest, and any mineral assigned a
greater value can scratch any mineral with a lesser value.
Common minerals define the integer values on this scale, as is
shown here. Common substances like glass and the human
fingernail provide additional benchmarks convenient to
measuring hardness according to the Mohs scale.

The Mohs scale is not linear, the integers assigned to key
minerals do not allow determination of non-integer intermediate
values, and the procedure for "scratching" was not well defined.
More quantitative schemes to measure hardness include the
Knoop scale, devised by Frederick Knoop of the U.S. National
Bureau of Standards in 1939. Knoop hardness of a substance is
determined by measuring the area of a "diamond-shaped"
indentation made by a particular set of facets of a diamond
pressed into the substance at a set pressure for a set time.
Another scheme is the Vickers hardness test, devised by R.L.
Smith and G.E. Sandland, engineers at Vickers, Ltd. of the
United Kingdom in the 1920s. Vickers hardness is similarly
determined by measuring the area of a square indentation made
by a diamond at a given pressure. Other measures of hardness
include Brinell Hardness, which measures the area of the
indentation made by a steel sphere, and Rockwell Hardness,
which measures the depth of the indentation made by a steel
sphere or a diamond-tipped cone.

This plot shows the non-linearity of the Mohs
scale by comparing the hardness of its index
minerals to their hardness as measured by the
Knoop and Vickers methods. Further pages
in this series seek to explain some of the
controls on hardness of minerals.
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Original literature:

Mohs Hardness: Mohs, F., 1822,
Grundri der Mineralogie (two
volumes, 1822 and 1824): Dresden,
Arnoldschen Buchhandlung (trans-
lated to English by Wilhelm Ritter
von Haidinger as Treatise on
Mineralogy in 1825 and published
by Constable & Co. Ltd. of
Edinburgh).

Vickers Hardness: Smith, R.L., and
Sandland, G.E., 1925, Some notes
on the use of a diamond pyramid for
hardness testing: J. Iron St. Inst.,

v. 111, p. 285-294.

Knoop Hardness: Knoop, F., Peters,
C.G., and Emerson, W.B., 1939, A
sensitive pyramidal-diamond tool
for indentation measurements:
Journal of Research of the National
Bureau of Standards, v. 23, p. 39-61
(see esp. Table 8).

Other sources:

University of Maryland Center for
Advanced Life Cycle Engineering,
~2005, Material Hardness:
www.calce.umd.edu/general/Facilitie
s/Hardness_ad_.htm#3.6.2.

Archae Solenhofen, 2003, Rock
properties and their importance to
stoneworking,carving, and lapidary
working of rocks and minerals by the
ancient Egyptians: www.geocities.
com/unforbidden_geology/
rock_properties.htm
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Railsback's Some Fundamentals of Mineralogy and Geochemistry

Hardness of minerals VI: effect of crystal face and direction

This diagram has no vertical scale - vertical position of minerals is only a matter of graphical convenience.
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Simple discussions of hardness of
minerals assume that any mineral has one
value of hardness. In fact, in many
minerals hardness varies from crystal face
to crystal face, and it also commonly
varies with direction on any one crystal
face. Hardness in therefore said to be
"anisotropic”, or to vary with direction
relative to the crystal structure. This
dependence of hardness on orientation is
to be expected if one appreciates that
hardness is measured by defornation
(scratching or indentation) of the crystal
structure via the breakage of bonds, and
that different surfaces intersect the crystal
structure at different orientations,
subjecting different bonds, and different
frequencies of bonds, to breakage.

One of the most strking examples of
this effect is kyanite, where hardness
varies across several units of the Mohs
scale. Significant variation also exists
within quartz, apatite, and calcite, three
index minerals of the Mohs scale. Thus
defining integer values of Mohs hardness
by the hardness of a particular mineral is
problematic, because at least some of
those minerals, and probably all of them,
have hardnesses that vary.

Sources:

Knoop, F., Peters, C.G., and Emerson, W.B.,
1939, A sensitive pyramidal-diamond tool for
indentation measurements: Journal of
Research of the National Bureau of Standards,
v. 23, p. 39-61 (see esp. Table 8).

Gaines, R.V., et al., 1997, Dana's New
Mineralogy: New York, John Wiley & Sons,
1819 p.

von Tertsch, H., 1950, Beobachtungen uber
Vickers-microharte am kalkspat: Mikroskopie:
Zentralblatt fiir Mikroskopische Forschung und
Methodik, v. 5, p. 172-183. Depiction of von
Tertsch's data here is best considered
qualitative, because the quantitative data
reported defy simple transfer to this diagram.

LBR HardnessTrends29 1/2008
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Lunar and Planetary Science XXXVIII (2007)

MINERALOGICAL IN-SITU INVESTIGATION OF ACID-SULFATE SAMPLES FROM THE RIO
TINTO RIVER, SPAIN, WITH A PORTABLE XEIDVXERF INSTRUMENT. P. Sarrazinl, D.W. I'-;Ii.ﬂgz.. V.
Morris”. D. Fernandez-Remolar’. R. Amils’. R E. Arvidson®, D. Blake’. D. L. Bish® linXitu Inc. 2551 Casey Ave
Ste A. Mountain View, CA 94043 psarrazin@inxitu.com: *NASA Johnson Space Center, Mail Code KX3. Hous-
ton. TX 77058: ° Centro de Astrobiologia (CSIC/INTA) 28850 Torrejon de Ardoz, Madnd. Spain: * Earth and
Planetary Sciences, Washington Umiversity, St. Lowms, MO 63130; *NASA Ames Research Center. Moffett Field.
CA 94035; ﬁI}h&pﬂ:. of Geological Sciences, Indiana Univ_, Bloomington, IN 47405-1405.
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6 JUNE 2014
Earth’s most abundant mineral finally gets a name

Posted by nbompey

bridgmanite ———

By JoAnna Wendel

The mineral said to be the most abundant of our planet, but found so deep within Earth's interior that scientists
usually cannot observe it directly, now has a name.

On June 2, bridgmanite was approved as the formal name for one of the Earth's most plentiful yet elusive minerals
known to exist in the Earth's lower mantle. Bridgmanite, which was formerly known simply as silicate-perovskite, is
named after the 1946 MNobel Prize winning physicist Percy Bridgman.

Scientists have known for decades that bridgmanite existed in the Earth's interior, but had been unable to Tschauner, along with Chi ba, a senior scientist and
successfully characterize a naturally occurring sample until this year. mineralogist at the California Institute of Technology in

. 3 : 3 ’ y Faszadena, Calif., have been warking to chemically and
“This [find] fills a vexing gap in the taxonomy of minerals,” Oliver Tschauner, an associate research professor at the  gycturally characterize natural silicate-peravskite

University of Nevada-Las Vegas who characterized the mineral, said in an email. {(MgSi0,) since 2009,
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fluid-mediated reactions
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NOAYMOP®IZMOZX (Polymorphism)
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Fig. 13.1 Schematic representation of three types of sedimentation

© Gautam Sen (2014)



Fig. 13.18 A schematic diagram showing various continental, transi-
tional, and manine environments of deposition

© Gautam Sen (2014)
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Railsback's Some Fundamentals of Mineralogy and Geochemistry

Reactions for the precipitation of CaCO4

The ultimate fundamental chemical expression of the
precipitation of CaCOg is this reaction:

Ca?* + CO32" --> CaCOgq)

However, the most abundant form of inorganic carbon in most natural waters is HCO3"
rather than CO32". Thus, to understand natural processes, the better chemical
expression for the precipitation of CaCOg is this reaction:

C82+ + 2HC03- -—> CaCO3(s) + H20 + C02

One should realize the two bicarbonate ions have very different fates. One
goes into the CaCO4 and the other is liberated as CO»:
z
N \

Ca2*+HCO3 +HCO3™ --> CaZ*+H*+C032"+HCO3 --> CaCOg +H,CO5 --> CaCO5+H,0+CO,

Bicarbonate Bicarbonate \/“) Bicarbonate -
that will enter  that wil Bicarbonate g wil R e
CaCO3 become CO, dissociates  pecome CO, 2

The reaction in bold letters shows that any natural process In marine precipitation of CaCOs5, Processes 4 to 7 can all occur at
removing CO, from a solution favors precipitation of CaCOs. shelf breaks (changes in slope from shallower landward to deeper
That helps explain why CaCO3 precipitates when seaward). These are common sites of reefs or ooid shoals.
1. CO, degasses from dripwaters in caves,

. CO, degasses from springs at which travertine forms,
. CO,, degasses at travertine dams,
. CO, degasses with warming of seawater, .

CO,, degasses with agitation of seawater by waves, %

. CO, degasses with upwelling of seawater, M
. CO,, is removed from water by photosynthesis.

There is a corresponding page titled "Reactions for the dissolution of CaCO3".

Breaking waves g

NOoO Ohs, WN

LBR 8200CarbonateReactions 04 10/2006



Railsback's Some Fundamentals of Mineralogy and Geochemistry

Variation in concentration of solutes in the oceans llla:
carbon dioxide and the carbonate compensation depth (CCD)

0 Concentration—>» In the deeper reaches of the ocean, CaCO, is more prone to dissolve for three reasons:

0 a) lower temperature (K, for both calcite and aragonite increases with decreasing T)
b) greater pressure (K for both calcite and aragonite increases with increasing P)
c¢) acidity resulting from the presence of CO,, as suggested by these reactions:
1 CQ2 CO, +Hy0--> H,CO4
(Chester 1090) Carbon dioxide Carbonic acid
H,CO,5 + CaCO, --> Ca’'+ 2HCO,
2 Carbonic acid  Calcite Bicarbonate
Depth As discussed in Part Ill of this series, concentrations of CO, in abyssal waters are greater
(km) than those in surface waters because oxidation of sinking organic particles produces CO,.
® Thus at depth in the ocean, temperature, the carbonate compensation depth (CCD),3 which
pressure and acidity commonly combine to is thus named because it is the depth at which the
make seawater undersaturated with respect to rate of dissolution of CaCO5 equals ("compen-
4 Pacific calcite. Calcite particles sinking past this depth  sates for") the rate of CaCO, sedimentation.
Atlantic begin to dissolve in a lysocline (the depth zone  Thus seafloor deeper than the CCD will be devoid
of increasing dissolution rate) and eventually of carbonate sediments. The CCD is higher (less
5 reach a depth at which no carbonate sediment deep) in the Pacific because deep water in the
will accumulate on the seafloor. This depth is Pacific has more CO, and so is more acidic.
Nr:\::'rse & Mackenzie (1990) p. 23 etc.
‘Z;Mme & Mackenzie (1990)p.24. ~  Carbonate ooze (abyssal carbonate sediments, consisting
“Morgbichnicaly, one sEbokn of 8. ekt largely of tests of foraminifera and coccolithophores)

compensation depth® and higher (lesser)

"aragonite compensation depth" (ACD).
Northern & eastern
CO5-poor deep water Atlantic P Pacific CO,-rich deep water Pacific

2
4
Oy

CcCD

Greenland Mid-Atlantic Ridge Antarctica Seamount East Pacific Rise
Seamounts: "the snow-capped peaks of the abyssal Pacific" LBR OceanSolutes18 5/2008



Mg/Ca ratio in seawater

Aragonite

[ Calcite |

—— Hardie (1996)
—— Horita et al. (2002)
—— Berner (2004)




MOLE %
peclc | o |s| Do |[m|p|pm|T]| ] K | Pg [No| 9 gco,
60 T —  INCALCITE

; E 048121620
i . H H s Pl I I I
50—: I i Aragonite & :—5_.
3 0d4 ! High-Mg calcite F
% 14 H H H H o ] :
x 'L : : : i ] » o I
201 éM C R —pg] JF 1 |
1% & : & E ]
14y g/ a,._j vah Mgcalcnte\\ / E d a0
104 : R : T ]
1IN 1 e 2 T
Age IIllI.IIIIIIl.ll|.IIIl;llllllllllllllllllllllllllll!llllll_ I}I}I:I:l
(10%yrs) 550 500 450 400 350 300 250 200 150 100 50 O 048121620

Ara omte Aragomte

Sandberg Aragonite

(1983, ? Calcite Sea Aragonite Sea |7 [l Sl=-- 00 7 S
B I goniesea | HEa

Aragonite Sea

Hardie : g MgSO,
(1996) . KCl evaporites MgSO, IMgSO4? KCl evaporites eVApOTites

MgSO, evaporites
SEDIMENT-
PRODUCING —— = O
ALGAE dasycladaceans coccolithophores Halimeda
=& rudists_|BivALVES
B rugosans [ =]
I  tabulates scleractinians CORALS
I  heliozoans |
[ chaetetids ]
DOMINANT O B demosponges
REEF BUILDERS [ [J inozoans
[ [ sphinctozoans SPONGES

[ [ “sclerosponges®
= tg,"cv{t"é‘g s stromatoporoids [l _
High-Mg 1 phylloids
calcite —/— ancestrainl corallines B, GaE
: C—1 O Tubiphytes corallines
B Argonie O solenopores




A. AOAIANA

BITOYMENOYXOZ AOAOMITIKOZ AZBEZTOAIOOZ



Lin (Counts)

1200

1100

1000

900

800

700

600

500

400

300

200

Doliana_carbonate

>

RN RNRRE FNRE RNNNE ARNNERRRNE RRNNARRRR] ARRRE NRRRE RNNNE NRNNE ARNRARRRNA RRRR RRNN ANRRY NRENE NRRE FRNNS ANNRARRNNE ARRNNRRRRN RN

w

10 20 30

2-Theta - Scale

Doliana_carbonate - File: Doliana_carbonate.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 65.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 15 s - 2-Theta: 3.000 ° - Theta: 1.500 ° -
Operations: Import

E00-034—0517 (D) - Dolomite, ferroan - Ca(Mg,Fe)(CO3)2 - Y: 94.78 % - d x by: 1. - WL: 1.5406 - O -

[m]00-005-0586 (*) - Calcite, syn - CaCO3 - Y: 58.54 % - d x by: 1. - WL: 1.5406 - O - I/Ic PDF 2. -



OYAAONYPITIKA OPYKTA
e MAPMAPYTIE2




OYAAONYPITIKA OPYKTA
e MAPMAPYTIEZ2

ONTQZz EXOYN
AAMWH
& ZXIZMO ©













H KPYZTAAAIKH AOMH TOY MAPMAPYTIA BIOTITH
(K[Mg,Fe?*];[Al,Fe3*]Si;0,,[OH,F],) L a

——=
a4

VA "“._". v ‘ v \\\\\‘ W \&77/ N/
) "A:“ / / & / ; v":: y '-.'
V. ; - / vt s - 3
. n .-L_,__A_,~ e F .',,:
B e g e v W T
A -




H KPYZTAAAIKH AOMH TOY MAPMAPYTIA
BIOTITH 2TO TEM




*

R R L I R R B0 S S,
e
[l
R Adabhe . u
e N N o s
gl
Ll

R A

AR b A AAAAR AR

B T e e e s & &
»

L R R R R R L SRR L S L L o & e
[
==

LAAR LABAMAANLashann ; VAo
A e e B B B o g
P
Caid
EELEPPSERSTI LI I T eenesat sas an eas v -~
o R N N e AR s e
L
-
fA v banbbpgrnbosnns ee e -
..... R N e e | LD i
[ o]
o g -
Sastansiannmbaranha snnl awsin w

LAV N LR ERURI BAR RN L vae patwet Bhahen ’? LY
Lo

- -
I e e
R R R R I e e o B 2

e
vl nre g W
e T Bt L
CBEBNERIFTI LB NES e

o e ¥ AQ‘_IN’ ”

~— ﬁ
S v — -".x"‘ ‘8 a,«z{:
‘“‘“1

" ' .

PRLITAT PRI PONSe LRBA yanAaAs L Ae Lua
BB e N S WP A

et . e s G Ve P e R
= trrehLl s ntad L ke

qq[ 9e 99 9e] Q9 99] 99 99 9] Q9] 9]

' E R R R ¥
----oo.oo.o.c.-l.‘..'.‘. 0! 4 ¢

soqumpb

AL AAAARARAARA AN AR R AL A0 “\" :

........ e a9t NS SRS RIS RAS T ) .\v
* vkwag-‘;::.- , ! Tt e
LA AR4RKAARLARARARLE LR VESN

* PSRRI HRRRRRR T AR F S Q‘ 1‘_“' .?ﬁ
'! ‘.“4

L N R L o ] -
R ol .0‘ ~Eeo ’d‘i

O MNOAYTYTIZMOZ TOY BIOTITH
2Y2XETIZETAI 2YXNA ME TH
"XAQPITIQ>H" (AHMIOYPI'IA

2TOIBAAQN XAQPITH)

mm "
@@;I;‘*

Chlor,
14.2 £3
l 10.1
S ChI-Bi

-]

14.2

- |




P

€

http://www.geo.auth.gr/courses/gmo/gmo212y/



http://www.geo.auth.gr/courses/gmo/gmo212y/

A. AOAIANA







-_

METPQM
)

<




'.

-

~

<C
_I
<
>
G
o
T
L]
-
<
=
L]
>
G
=4
o
®)
=
<
_I
LL]
=

AOAIANA)

(A




METAMOP®QMENA NETPQMATA
(A. AOAIANA)










OYAAONYPITIKA OPYKTA
e OPYKTA THZz APT'IAOY

Ty “:“‘;.w'“ .......




OYAAONMYPITIKA OPYKTA
e OPYKTA THZz API'IAOY

KPYZTAAAOI

<2 MM NPENEI NA

NMAPOYME AEIrMA
A EPTAZTHPIO ©




The main

types of particles and ag-
gregates of clay minerals.
a) Epitaxy, i.e. growth
on a crystalline support.
b) Aggregation of rigid
or flexible particles or
crystallites (tactoid or
quasi-crystal networks).
¢) Coalescence: neigh-
bouring crystals are
joined by the growth of
common layers

common clay particles

a epitaxy

b aggregation

tactoid
aggregate

C coalescence

Opukta tng apyiAou -
Clay minerals
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American Mimeralggizt, Foiume 95, pages 785811, 2013

IMA EEFORT
Nomenclature of the garnet supergroup

EpwARD 5. GREW,"* ANDREW J. LoCcocK,” STUART J. MILLs,*T IRINA O, GALUSKINA?
EvcENnY V. GALUSKIN,* AND ULF HALENTUS®

15chon] of Eanth and Climate Sciences, University of Mains, COrono, Maine 04460, TS5 A
Dreparmment of Earth and Ammospheric Scisnces, University of Alberia, Edmonton, Alberfa TG 2E3, Canada
“repsciences, Mussum Victoria, GPO Box 566, Melboume 3001, Victora, Australia
*Faculty of Earth Sciences, Deparmment of Geochemdziry, Minemlosy and Petrograptry, University of Silesia, Badzincka &0, 41-200 Sosnowiec, Poland
*Swedish Muoseum of Natural Hiztory, Deparment of Minsralogy, PO, Box 50 007, 104 05 Stockholm, Sweden

ABSTRACT

The gamet supergroup mcledes all minsrals isestucral with gamet regardless of what elements
ococupy the four atomic sites, ie., the superzroup includes several chemmical classes. Thers are pres-
ently 32 approved species, with an additional 5 possible species needing further study to be approved.
The general formmla for the gamet supergronp minerals is {55} [T2](Ewp.2, where X, ¥, and Z refer
to dodecshedral, octahedral, and terrahedral sites, respectively, and @ is O, OH, or F. Most gamets
are cubic, space group fa3d (no. 230), but two OH-bearing species (henritermierite and holtstamite)
have teragonal symmefry, space group, M4,/acd (ne. 142), and their X Z, and «p sites are split into
more symmerically unigque stomic positions. Total charge at the £ site and symmeiry are criteria for
distingmishing groups, whereas the dominani-constiment and dominant-valency miles are critical in
idenfifying species. Twenty-nins species belong to one of five groups: the teragonal henritermisrnite
group and the iscmetric bitkleite, schorlomite, gamet, and berzeliite groups with a total charge at £
of & (silicawe), @ (oxide), 10 (sicate), 12 (silicate), and 15 (vanadate, arssnate), respectively. Three
species are single representatives of potential groups in which £ is vacant or ocoupied by monoyalent
(halide, hydroxide) or divalent cations (oxide). We recommend that suffixes (other than Levinson
mo-difiers) not be used in naming minerals in the gamet supergroup. Existing names with suffizes have
een replaced with new root names where necessary: bitikleite-{5nAl) to bitklaite, bitiklsite-(5nFe)
to dzhuluite, bitikleite-(ZrFe) to usturite, and albmsite-{Zr) to elbmsite. The name hibschite has been
discredited in favor of grossular as 51 is the dominant cation at the £ site. Tweniy-one snd-members
have besn reported as subordinate components in minerals of the garnet supergroup of which six have
een reporied in amounis ap o 20 mol% or more, and, thos, there s potential for moTe species to be
discovered in the garnet supergroup. The nomenclamre cutdined in this report has been approved by
the Commission on Mew Minsrals, Nomenclatore and Classificaton of the Intemational Mineralogical
Aczsociation (Voting Proposal 11-D).



m Dark, fine-grained sedimentary shale, such as (A), is this transition, the rock loses several weight percent H;O. Such a
transformed at intermediate pressure and temperature transition is an important source of metamorphic fluid. Scale for
into bright, shiny, mica schist with large garnet crystals (B). During these samples is similar to that of Figure 1.

B. Jamtveit; Elements (2010)



(a)

Progressive metamorphism and development of tectonite
fabric in lithic wacke (graywacke); © Myron G. Best (2003)
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Figure 14.24 Photomicrographs of thin sections under plane light of metapelite from three different grades of metamorphism. (A) Chloritoid-muscovite-
chlorite-quartz schist. (B) Staurolite-garnet-muscovite-biotite-quartz schist. (C) Sillimanite-cordierite-K-feldspar-biotite-quartz hornfels.

© Cambridge University Press (2013)



Examples of common metamorphic minerals; Copyright © 2010, The Open University




m Dark, fine-grained basalt, such as (A), is transformed
into a spectacular, coarse-grained, green and red
eclogite (B) during metamorphism at high pressure and tempera-
ture. During the metamorphic transition, augite (pyroxene), plagio-
clase, and olivine in the basalt are transformed into garnet (red),
omphacite (green), and clinozoisite (white). Density increases from
about 2.9 g/cm? to about 3.5 g/cm?®, making the rock’s transition
important for large-scale geodynamic processes, including basin
subsidence and subduction.

B. Jamtveit; Elements (2010)
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Carpholite, sudoite, and chloritoid in low-grade
high-pressure metapelites from Crete
and the Peloponnese, Greece

Tuomas THEYE(!"), Eseruarp SEIDEL®), OLvier VIDALG)

(1) Institut fiir Mineralogie, Ruhr-Universitdt Bochum, Universitétsstrafle 150,
4630 Bochum, F.R. Germany

@) Mineralogisch-Petrographisches Institut, Universitédt zu Koéln, Ziilpicher Strafle 49,
5000 Kéln, F.R. Germany
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The same parageneses as in Central Crete have been observed in Western Crete (400°C, 10 kbar) and in the
Peloponnese (= 450°C, 17 kbar), but with carpholites richer in Mg. For these rocks, AFM three-phase parageneses

show tixed mineral compositions, suggesting equilibrium with a hydrous fluid phase of constant composition. The
highest grade of metamorphic evolution of metapelites from the Phyllite-Quartzite Unit is reflected by the appear-
ance of almandine-rich garnet in the Peloponnese.

Considering metapelite assemblages involving quartz,|carpholite, chloritoid| sudoite, chlorite and pyrophyllite,
both the observed succession of AFM topologies and the calculated equilibrium curves offer possibilities for
evaluating P, T and ap,q of very low to low-grade high-pressure metamorphism.

Key-words : Fe-Mg-carpholite, sudoite, chloritoid, high-pressure metamorphism, activity of H20, Phyllite-Quart-
zite Unit (Greece)
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