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Cesare et al. (2009) have described MI in a regional anatectic terrane.
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Melt inclusions, definition modified by Cesare et al. (2015), to include those

present in regional migmatites:

Sawyer et al. (Elements, 2013)

NANOGRANITOIDS

For reviews on melt inclusions
of volcanic rocks
(CLASSIC melt inclusios):

Roedder (1979)

Schiano (2003)

Audétat & Lowerstern (2014)
Frezzotti & Ferrando (2015)




Cesare et al. (1997), Cesare (2008)
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Cesare et al. (1997), Cesare (2008)
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Cesare (2008)




Inclusions, reported by 2001 in high-grade crustal rocks, taken to mantle
depths, i.e. UHP crustal rocks:
Stockhert et al. (2001), Erzgebirge, Germany
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Inclusions, reported by 2001 in high-grade crustal rocks, taken to mantle
depths, i.e. UHP crustal rocks:
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Primary vs secondary melt inclusions
See Roedder (1979) A
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Melt inclusions in anatectic rocks represent primary melts
produced at the source rocks of crustal granites upon melting
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Melt inclusions in anatectic rocks represent primary melts
produced at the source rocks of crustal granites upon melting

-Migmatites, granulites
-Enclaves and xenoliths in lavas
-Host growth in solid framework
-Entrapment during heating
-Primary melt composition

entrapment of melt inclusions

/ \
\

\

\
subsolidus \|
1
|
1

I
I
I
I
I
I
I
[
Ll

1!

2 - lgneous

-Intrusive and extrusive rocks
-Leucosomes in migmatites
-Host growth in magma
-Entrapment during cooling
-Evolved melt composition

Cesare et al. (2015)




ldentitying melt inclusions in migmatites

1. Optical microscope on regular, but well-polished, thin sections

- Regular, crystal-negative shape, brownish color

- Polycristalline and/or glassy nature, multiple birefringent phases and/or
Isotropic

Cesare et al. (2015)



ldentitying melt inclusions in migmatites

1. Optical microscope on regular, but well-polished, thin sections
- Regular, crystal-negative shape, brownish color
- Polycristalline and/or glassy nature, multiple birefringent phases and/or isotropic
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2. SEM (Field Emission, 5-10 microns MI)

Cesare et al. (2015)




2. SEM (Field Emission, 5-10 microns MI)
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3. Micro Raman Spectroscopy

Kumdykolite, Garnet Kumdykolite, polymorph of albite
Kokchetavite, polymorph of alkali feldspar
Cristobilite, polymorph of quartz
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4. Re-homogenization experiments: piston cylinder (pressure)

- Prepare several thin sections from the rock under study (focus on Grt)

- Identify the thin section with the most abundant and best preserved Ml

- Prepare double polished, >200 micron thick, sections

- Select areas under the microscope rich in Ml, individualize MI-rich areas.

Ferrero et al. (2012) Bartoli et al. (2016)




Analysis of melt inclusions

4. Re-homogenization experiments: piston cylinder (pressure)
- Prepare several thin sections from the rock under study (focus on Grt)

- Identify the thin section with the most abundant and best preserved Ml
- Prepare double polished, >200 micron thick, sections

- Select areas under the microscope rich in Ml, individualize MI-rich areas.
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Analysis of melt inclusions

4. Re-homogenization experiments: piston cylinder (P)
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Analysis of melt inclusions

4. Re-homogenization experiments: piston cylinder (P)
Bartoli et al. (2013)
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4. Re-homogenization experiments: piston cylinder (P)




Analysis of melt inclusions

4. Re-homogenization experiments: piston cylinder (P)
Cesare et al. (2016)




4. Re-homogenization experiments: piston cylinder (P)

AB3-Core8 MI2, 825 °C

WD | Mag Spot HV ' Det HFW
10.0 mm|5215x 5.2 120.0 kV/SSD 49.09 um

Acosta-Vigil |
et al. (2016)

Bartoli et al. (2013) ,
Cesare et al. (2015) 3/21/2014 | WD | Mag Spot HV

12:14:36 PM|10.0 mm| 2063x| 5.0 |20.0 kV|SSD|0.12 mm




Analysis of melt inclusions

4. Re-homogenization experiments: piston cylinder (P)
Bartoli et al. (2013)
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Analysis of melt inclusions

5. Electron microprobe analyses (major elements)
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6. Laser ablation ICP-MS (trace elements)

Australlan Natlonal UnlverS|ty Canberra
smaller beam diameter was 19 microns




Analysis of melt inclusions

6. Laser ablation ICP-MS (trace elements)
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Analysis of melt inclusions

7. NanoSIMS (H,0O)
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Information from study of melt inclusions

k|

1. That a rock has melted
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Information from study of melt inclusions

2. That (part of) a mineral grew in the presence of melt

mylonitic A '
peridotite .'
granular spinel

1 peridotite

garnet
gneiss

fibrolite
schist

plagioclase
peridotite

4 \| 5’|

900 1000 1100 TTC

Platt et al. (2003)




3. When a rock has melted, and timeframes of melt extraction




Information from study of meit inclusions

4. Primary melt compositions: mechanisms/nature of anatexis
Acosta-Vigil et al. CMP (2006), J Petrol (2010), and in preparation

Pressure (kbar)

12

10

oo

L ] Tz & Mnz MlinPI

[2] Qiz+PHKis+H20

o

HJTBO1

P76

B Tz & Mnz Mlin Grt

I Conventional

B 77 8 Mnz Matrix glass

thermobarometry (CSMV97)

40 Al,Fe+Mg 60
Na+K,Ca,#K

Ti,Sc,V,Cr,
Zr, Th,REE

ya z

Vi Vi
30 40 50

60 70 80

Orthoclase

Temperature (°C)

900 1000

~500um

60
8000C
40 ¢ 50 A Bulk composition
A Eutectic
50 ']@ﬂ 40 - 11n
& F \% i 4
< 60 3 30% ® 407hre
T 3% |
70 é ﬁr" 20 @ 1461 hrs
o
@
80/ & 10
%)
o
90
10 20 30 40 50 60 70 80

Orthoclase

Biotite melting




From the current available data, it is clear that nanogranitoids
represent former melt, but:

How representative is the melt composition of the bulk melt
in the system at the time of entrapment?

How much has the original composition been modified
during/after the entrapment process? That is, how
representative is the currently measured composition of the
original melt at the surface of the growing mineral?

Through investigation and analysis of melt inclusions in many
case studies




Melt inclusions in anatectic enclaves ™t
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enclaves from El Hoyazo, S
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Petrography, P-T BOIIIIIIIOIIS of meltlng
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Petrography, P-T conditions of melting
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Melt inclusions in anatectic enclaves
versus anatectic terranes

Pros-cons: quenching, matrix glass vs. decrepitation, abundance
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Melt inclusions under microscope/SEM
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Acosta-Vigil et al. Chem Geol (2007)
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Major element composition of glasses
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melt

boundary layer melt

London & Morgan (2012) &&=

boundary layer
phenomena
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Mass halance modeling MI in Pl-matrix gl
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Trace element composition of glasses

Acosta-Vigil et al. J Petrol (2010) il
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Zrn and Mnz saturation Temperatures

o OMlinP
_TZ ® Ml in Grt
1 4m m matrix glass
W dacite glass
200 - ;
| 710-81(}-"0" |
700 | .
i _ o)
o 700-750 °C _
- O _
600 700 800 900

Acosta-Vigil et al. J Petrol (2010)




o » : e d . &
s oo R J Petrol (2012)

% Acosta-Vigil et al.




Extent of host PI-MI and Pl-matrix melt
equilibrium bhased on trace elements

Acosta-Vigil et al. J Petrol (2012)
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Acosta-Vigil et al. J Petrol (2012)
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Acosta-Vigil et al. J Petrol (2012)

S

= 1000 E T T T T T T T T T T T T T T T T T T T T T T T 5
© - HO-50 enclave E m B
c 100 o O
O i - — ]
g ;B " =
— 1 |:| . = u |
- ‘ mE 7
) i O O ]
o Y 1 S —— B ]
< Ot O ] 5
@) F O O ;
S o001fpo B mm ]
% F | Wl Matrixglass| g :

I 1 MH83,NC85
® 0.00TF | = jggapye | o N
&) : 650-750°C Biotite 1
b 00001 L1 1y
m Be la Sr Zr Eu Yb V Cu Ni
B Ce Sm Hf Gd Lu Cr Co




Extent of equilibrium MI-matrix minerals,

Acosta-Vigil et al. J Petrol (2012)
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» Primary MI, glassy, leucogranitic, peraluminous, similar to gl in experiments.
» Gl of each microstructural location: variable, distinctive, non eutectic.

» H,O concentrations indicate H,O-undersaturated anatexis.

» Melt inclusions in Pl and Grt represent former melt films in contact with
crystals, remains of first anatectic melts we have access to for study.

» Ml in Pl, most heterogeneous and evolved compositions, lowest Zrn-Mnz
saturation T. Matrix melt, more homogeneous and less compositionally evolved,
highest Zrn-Mnz saturation T. Ml in Grt, in between both.

» Differences among gl in several locations: not related to syn-, post-

entrapment processes, likely reflecting matrix melt compositions at different T.
» Melt inclusions analyzed in several crystals/enclaves: matrix melt with well

defined LILE-rich, HFSE- and REE-poor geochemical character. Matrix melt
likely at or close to equilibrium with the residue (except Grt).

» Matrix glass: melts produced after M|, mostly at or close to equilibrium with
rims of most minerals (except Grt).




Petrogenesis of crustal anatectic systems

from the study of melt Inclusions

Acosta-Vigil et al. CMP (2006), J Petrol (2010), and in preparation
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Petrogenesis of crustal anatectic systems

from the study of melt Inclusions

Acosta-Vigil et al. CMP (2006), J Petrol (2010), and in preparation “ A
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Melt inclusions in granulites from the
Betic Cordillera, Ronda area, S Spain
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Field geology

Mylonitic Gneisses
Massive Rocks, Grt-rich, Leucocratic Bands

Jubrique Unit Ronda Peridotite
Metamorphic isograds
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Petrography
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Petrography
of the
melt inclusions




Petrography & SEM
of the
melt inclusions
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Melt inclusions in granulites from the
Betic Cordillera, Ronda area, S Spain
Field geology, netrography, SEM

Melt inclusions are primary based on their distribution
in the host garnet. Mostly crystallized.

They appear from core to rim of large garnets and
hence most garnets grew in the presence of meilt.

Melt inclusions were trapped both at peak conditions
(12-14 kbar, 800-850°C; Grt cores) and post-peak
conditions (5-6 kbar, 750-800°C; Grt rims+Matrix).

They appear to have granitic mineral compositions
(daughter minerals are Qz, Fds, micas).




Barich PhD (2014)
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Exnrimental remelting: SEM study

Remelted melt inclusions:
having glass, but also

- Irregular walls,

- Daughter minerals,

- Offshots,

- Host recrystallization,

- Reactions between melt-
accidental minerals.

Acosta-Vigil
et al. (2016)




Experimental remelting: SEM study

AB4-SG8 MI4b, 800 °C i AB4-Core8 MI10, 800 °C

()@ Rehomogenized melt
BN inclusions:
having glass, and also
- Rregular walls,
- No daughter minerals,
- No offshots,
- No host recrystallization,
- No reactions between
melt-accidental minerals.
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Experimental remelting: EMPA study
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Experimental remelting: EMPA study
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1.6

Evidence for ﬂuid-abse“nt, Bt-
breakdown melting
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1.6

Evidence for H,0O-saturated
Melting : 12
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Jubrique granulites: Gonclusions

]
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Type | melt inclusions are trapped at the cores
of large garnets, formed at <850 2C (800 °C)
and 12-14 kbar.

900
Temperature (°C)

Leucogranitic melts in garnet cores were produced by anatexis at low
activity of H20. Likely due to fluid absent melting of hydrous minerals
(e.g. biotite).

Closed-system anatexis at the bottom of a thickened continental
crust in a context of a continental collision.
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Type ll: Granodioritic-to-Tonalitic Ml

Type |l granodioritic-to-tonalitic Ml are trapped
at the rims of large garnets formed at =800 2C
and 6-8 kbar.
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Granodioritic-to-tonalitic melts were produced by H,0-fluxed

(saturated or nearly saturated) melting, likely the entrance of H,0-
rich fluids into the system.

Open-system anatexis at the bottom of a continental crust of
regular thickness in a context of a continental extension.

Migmatites of Jubrique underwent two melting events under
contrasting fluid regimes
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