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Introduction

During my proposal, textural analyses and opticaroscopic study were carried out
on the following rock samples: magnetite-carboedtitacupiranga, Brazil), jacupirangite and
afrikandite (Kerimasi, Tanzania), afrikandite (KoRussia), alkaline-xenoliths (Alcsutdoboz,
Hungary). | have prepared 30 doubly-polished tlentisns for petrographic analyses. The
coexisting fluid and melt inclusions together wiitieir petrographic relations to host minerals
[nepheline, perovskite, clinopyroxene and meliligeerimasi); nepheline, perovskite and
clinopyroxene (Kola) magnetite, calcite and apdHterimasi and Jacupiranga); clinopyroxene
and feldspar (Alcsutdoboz)] have been studied imikde All rock samples studied contain
primary melt inclusions. Mineral grains, containitige melt inclusions, were separated (n=

500) and fixed onto glass slabs, using super ghde then polished onto their both sides.

Because of the large number of melt inclusiongurlied samples, | decided focusing
on a detailed study of melt inclusions and hosksdoom Kerimasi (afrikandite, jacupirangite
and calciocarbonatite) and Jacupiranga (magneiteenatite) instead of submitting
preliminary results of my textural observationsfirola and Alcsutdoboz to any journal. My
decision has been also justified by an overallrirggonal interest in Gregory Rift Valley,

especially in Kerimasi volcano.

Fulfilled analytical and experimental work
Kerimasi samples

Fourteen high-T (850-105) homogenization experiments on clinopyroxene-dubst
carbonate melt inclusions (jacupirangite). 386 Ranpoint measurements on unheated
clinopyroxene- (both exposed and non-exposed) amdnetite-hosted (exposed) melt
inclusions together with the rock-forming minerdjacupirangite). Fifty Raman point
measurements on the bubble phases of heated rokisions, by using the combination of
Raman and Linkam stage. Twenty Raman point measmtsnon the quenched melt phases.
Heating and quenching experiments on 150 magreetdel 50 clinopyroxene grains containing
melt inclusions (jacupirangite). Polishing thesaigs until exposure of the quenched melt
inclusions. 200 SEM and 188 EMPA analyses on trencgoed melt inclusions; 144 EMPA



analyses on the mineral phases (jacupirangite).e @undred and eighty LA-ICP-MS
measurements on the afrikandite and calciocariienatck samples, including their mineral
phases and melt inclusions. Quantification of ¢hasalyses. Recording and evaluating four
high resolution 3D Raman maps of carbonate melusmens hosted in clinopyroxenes from
afrikandite and jacupirangite, including 320 Ranmint measurements. Four FIB-SEM
analyses of the previously Raman-mapped melt irariggone FIB-SEM run requires 100-130
steps, including 110 SEM and 110 BSE images togetlte 350 EDS spectra). Collecting of
30 Kikuchi-patterns from daughter minerals of maltlusions. Evaluating of these data.

Creating four 3D-FIB-SEM models and calculatingwrok ratio of the daughter minerals.

Magnetite-carbonatite, Jacupiranga

254 Raman point measurements on mineral phasematdnclusions of magnetite-
carbonatite. 300 SEM analyses on the previouslydadetected and newly identified mineral

phases. Evaluating of these data.

Results

All data collected from Kerimasi samples during msoposal together with our
scientific results have been published/acceptedtérnational journalsGuzmics et al., 2012,
2015, Contrib Mineral Petrol; Kaldos et al., 2015thos). A paper showing our results on
Raman-FIB-SEM-3D modelling is under preparationubl®hing data from Jacupiranga
samples is going on as well. Short scientific sames of the latters can be found in the next
sections. Results of our investigations have &®wn in 10 times in internationa.g.,
Goldschmidt 2013, 2015, ECROFI 2013, 2015) andri2zsiin national (ISZA) conferences.
With presentations of our results, Réka Kaldos weanfirst place at the “Meeting of Young
Geoscientists” (ISZA) in 2014 and 2015. Furthesgioility has been arisen making a
collaboration with other researchers about Dulottkrsamples, using my experience on melt
inclusions research from Kerimasi. As a result luk tcollaboration one paper has been
published Gal et al., 2014, Ore Geol Rev Support of OTKA was noted in all of above

mentioned papers.



Raman-FIB-SEM-3D modelling, Kerimasi jacupirangited afrikandite

An interesting quasi-paradox of carbonatite andlaik rocks is that the primary alkali
minerals are missing, although their presence peeted by experiments (Lee and Wyllie,
1997, 1998a, b; Kjarsgaard, 1998) and natural melusions (Guzmics et al., 2011, 2012,
2015; Mitchell, 2009; Andreeva, 2014, Kaldos et @015). Due to intensive alteration
(weathering) of these highly water-soluble alkalnhemals, analyses of the whole carbonatite
rock may provide misleading results and false pritation about the petrogenesis. However,
melt inclusions can preserve the alkali mineralggisa Hence, finding all mineral phases in the
melt inclusions is essential to the proper desorpodf formation of carbonatite and alkaline
rocks. For this purpose, FIB-SEM technique comthiwéh Raman spectrometry were applied
to identify and determine mineral phases in cartomnaelt inclusions (n=4) from Kerimasi
jacupirangite and afrikandite. Applying Focusecdh IBeam (FIB) Scanning Electron
Microscopic (SEM) technique in geological/geocheahgtudies is one of the most promising
tool in the last decade (e.g., Dobrzhinetskayal.e801, 2003, 2005; 2006; Heaney et al.,
2001; Lee et al., 2003, 2007; Obst et al., 2008¢i8tert, 2003; Wirth, 2004, 2009; Dégi et al.,
2010). It should be noted that only a few workplieol FIB-SEM technique in melt inclusion
studies. By using FIB-SEM, we can determine themasition and volume ratio of the mineral
phases (Dobrzhinetskaya et al., 2003, 2005, 200@h\Ahd Rocholl 2003; Berkesi et al., 2012)
present in the melt inclusion and create its 3D eh@dnderson and McCarron, 2011). For a
more precise determination of the mineral phaséisemmelt inclusions, we carried out Raman
spectroscopic measurements, including 3D Raman imgpp the melt inclusions before FIB-
SEM analyses. We performed 320 Raman spectrosqo@it measurements on four
unexposed and unheated carbonate melt inclusidmsng Raman point analyses we identified
several mineral phasesg.,perovskite, apatite, phlogopite, carbonates @lgite, dolomite),
alkali carbonatese(g.,nyerereite, shortite, burbankite), sulphateg.(sulfohalite, barite) and
hydrocarbonatee(g.,nahcolite). Raman mapping was performed on tbeeafentioned melt
inclusions (parallel to the surface of the hosteréhand from different confocal depths) with
high spatial (step size 0.2 um horizontally andin® vertically) and spectral resolution (Fig
1.). By applying Raman mapping, we obtained tis&riution of the identified mineral phases
in the melt inclusion in 3D view. As the majordf/the melt inclusions are composed of highly
water soluble alkali minerals, applying Raman spscbopy to identify these phases has a

particular importance considering that these phasesstable in laser light (Fig 1.). We



performed FIB-SEM analyses on the four previousiymdn mapped melt inclusions as well in
order to reveal possible Raman inactive phasdsimilt inclusions (Fig 2.). FIB-SEM slice-
and-view technique was performed on the melt inchss perpendicular to the surface of the
host mineral. Slices were milled in every 200 maaters, thus the distribution of mineral
phases can be observed with extremely high spasalution (1-4 nm) including those, which
are Raman inactive (e.g. salts) (Fig 2.). Durixgosure of the melt inclusions, FIB-SEM also
allowed obtaining EDS spectra therefore we coutdchemical data on each exposed mineral
phase as well. There was also an opportunityki® EBBSD analyses on each exposed mineral
phases of the melt inclusion to support deternmomatif the minerals. Combining these
techniques (Raman + FIB-SEM) we could 1/ creat® ari®del of the melt inclusion (Fig 3.),
hereby 2/ attain the spatial distribution of mingohases (even submicron sized), and 3/
calculate their volume ratio. We also comparedviblame ratios of melt inclusions calculated
from Raman maps and FIB-SEM 3D model. The totdlime ratio of the melt inclusions
calculated from the Raman maps corresponds wellgovolume ratios calculated from FIB-
SEM 3D model.

Another major goal of our study, beside identificatof all mineral phases of the melt
inclusions, was to quantify the.@ (and halogen) content of carbonatite systemstek\ays
significant role in polymerization of silicate m&lttherefore strongly influence element
partitioning between immiscible silicate and cardtemmelts (Martin et al., 2012, 2013). Water
has not been determined in natural plutonic careonaelts yet. It should be noted that
guenching of dissolved fluid into the carbonate tnpdlase is not possible (Brooker and
Kjarsgaard, 2011, Guzmics et al., 2011, 2012, Kaktal., 2015), which excludes determining
the actual water content of the carbonate melnlayyaing the heated-quenched (in the furnace)
and exposed melt phase using in situ analyses @NS.) Moreover, during heating we
should consider a possible water loss of the nugttd relatively easy diffusion of this molecule
through many host phases (Roedder, 1979; Sobolal, €i983; Sobolev and Danyushevsky,
1994). This is why our goal was to study of thegtger minerals in unheated melt inclusions
as water (and halogens) are hidden in these mserad summary, our coupled Raman
spectroscopic and FIB-SEM technique is a powedal to determine mineral phases in the
melt inclusions in submicron scales and calcula¢eipely their volume ratio, which allowed

us calculating the water content of carbonate nasltaell.



Fig 1. 3D Raman map showing the distribution of enah
phases (mostly alkali carbonates) in two confoeatiens
in a diopside-hosted carbonate melt inclusion inirdasi

jacupirangite.

red: alkali carbonate-1, blue: alkali carbonate-g@reen:
REE-carbonate, yellow: phosphate, orange: oxideplet

alkali carbonate-3

Exposed inclusion

Fig 2: Salt crystals in an opening diopside-hosted
carbonate melt inclusion. SE image was taken irFtBe
SEM apparatus.

salt
crystals

Fig 3: 3D model of a carbonate melt inclusion in
Kerimasi jacupirangite created by FIB-SEM
apparatus.red: alkali carbonate-1, blue: alkali

carbonate-2, green: REE-carbonate, brown: silicate,

orange: oxide-1, pink: carbonate; black: hole; véhit

salt; grey: oxide-2



Magnetite carbonatite, Jacupiranga

The studied magnetite carbonatite has cumulatarerind consists of calcite, dolomite,
magnetite and phlogopite. The carbonates occeoaplex intergrowth of calcite-dolomite
and strontianite-calcite. We obtained two textwaliations of calcite-dolomite intergrowths
1) an exsolution lamellae of dolomite occurring tluerystallographic orientation of calcite or
vice versa 2) randomly distributed dolomite patcéygsearing in calcite and vice versa.

The calcite, magnetite, phlogopite and dolomitetaimmmultiphase inclusions. Apatite,
forsterite, barite, dolomite, calcite, strontianigeikelite and magnetite occurs as inclusions in
phlogopite. Dolomite contains calcite, strontianibarite, ancylite, Na-Ca carbonate and
carboceranite inclusions. Calcite contains dolensitrontianite, barite, celestine and magnetite
inclusions. Magnetite contains dolomite, phlogep#patite, barite, geikelite, pyrophanite,
baddeleyite, Mg-Al-OH carbonate, chlorite, celestistrontianite, uranpyrochlore, calcite,
sphalerite, Na-Ca carbonate, REE carbonate andzitge Identification of these mineral
phases was based on their optical features, ED&rapand Raman spectroscopic point
measurements. The minimum temperature for thefayokation can be estimated as ~900 °C,
based on the phase diagram by Goldschmidt (19@Ether with the compositions of inter-
grown carbonates hosted by magnetite. This dgtpasts magmatic origin of the studied
magnetite-carbonatite. The crystallization of thek can be divided into two periods. 1) In
the beginning of crystallization, magnetite-dolamitforsterite-phlogopite and later on
geikelite, apatite, baddeleyite and Mg-Al-OH-caratmprecipitated. 2) This was followed by
a significant melt fractionation resulting in fortita of Ca-carbonates. In a comparison to
other studies (Guzmics et al. 2011, 2012; Mitch2009; Andreeva 2014), the studied
magnetite-carbonatite crystallized from a carbomagdt that was richer in MgO than parental

carbonate magmas of Kerimasi and Oldoinyo Lengai.

All of our unpublished resultsare copyrighted, therefore publicizing isnot allowed by the
authors!
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