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Abstract

Papikion Mt pluton which intrudes Kardamos Dome, consists of biotite (Bi), horn-
blende (Hbl) and biotite-hornblende (Bi-Hbl) bearing rock types. In this work the re-
lationship among the amphiboles of each Hbl-bearing rock type is studied. Moreo-
ver, their minimum crystallization pressure and temperature are estimated. The am-
phiboles of the Hbl granodiorite (GRD), the Bi-Hbl diorite (DR) and the HbI diorite
(DR) are classified mainly as magnesiohornblende and ferrohornblende and the
amphiboles of the Bi-Hbl GRD as ferroedenite and hanstingsite. It is to note that
some samples contain amphibole crystals showing a sieved texture with quartz.
These sieved amphiboles have no chemical differences from the rest amphibole crys-
tals. This texture can probably derive from the breakdown of mafic minerals of an
assimilated xenolith such as pyroxenes and hornblende itself, leaving quartz. Using
the Al-in-hornblende geobarometer and the plagioclase-hornblende geothermome-
ter), minimum crystallization pressures from 4.6 to 5.2 kbar and temperatures from
700 to 740 °C were estimated for the Bi-Hbl GRD. The DR shows crystallization
pressures ranging from 6.4 to 7.4 kbar and temperatures ranging from 620 to
700 °C. The Hbl GRD shows the lowest P-T values, thus an average crystallization
pressure about 3 kbar and an average temperature about 600 °C were estimated.
Key words: sieved hornblende, crystallization pressure and temperature, subsolidus
cooling.

Hepidnyn

O mlovtawvitys tov Hoamikiov Opovs mwov disioodel aro Aouo tov Kapdouov, arotelsi-
o1 oo Bi, Hbl xou Bi-Hbl tomovs wetpwudrwv. Xe oot v epyacio ueAETdToL N oYé-
on wetald v aupifolwv tov kabe meTpoypapikod tomov mwov T mEPEyel. O oupi-
Polot tov kepootidfixod ypavodiopity (Hbl GRD), tov frotitikod-kepootilfikod dio-
pity (Bi-Hbl DR)xa1 tov xepootiAfixod owopitn (Hbl DR) talvouodvion xopiwg wg
HOYVIOIOKEPOTTIAPES Ko  GLONPOKEPOTTIAPES Kol o1 ougiffiolor tov Protitikov-
KepoatiAfikod ypoavodiopity (Bi-Hbl GRD) w¢ oidnpoedevites koi ya.oTivyKoiTeg.
Hpérmer va onueiwbei ot oprouéva delyuato. TEPIEYOVY KPLOTALAOVS auplfoiov Tov
Tapovaialovy KOOKIVIVOELON bR ue yolialia. Avtég o1 kookivoeldeic oupifolor dev
O10pEPOVY ynuiKa amo Tig vmolowmes. H vpn avth umopet vo mpoépyeton amod v omo-
OOUNGN TV PEUIKDY OPVKTDV EVOS 0POUOIWUEVOD CeVvOALOov OTtaws o1 mopdlevol oAra
Ka1 i i01a 1 KEPOOTIAPY, opnvoviag miow yalolio. Xpnoiuomwoiwvios 1o yewfopoue-
0 Al oty KepooTiAfn Kol 10 YewOepUOUETPO KEPOOTIALNG-TAGYI0KAGTTOD, DTOLOYI-
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otnkav gldyioty wieon kpvordriwans 4,6 - 5,2 kbar ka1 Oepuorpaoies 700 - 740 °C
yio. 1o Bi-Hbl DR ko1 6,4 éwg 7,4 kbar kou Oepuoxpaoics omé 620 éwg 700 °C onv
ouaoa DR.. O Hbl GRD deiyver tig youniotepes tiués P-T, pe uéon micon kpvotallw-
ong mepimov 3 kbar xou e péon Oepuoxpacio wepirov 600 °C.

AéEeig KAerdid: Kookivoeldng kepootilfy, micon koir Oepuokpooio kpvotaiiwong,
wicn oe ooVONKeS VITO-AYYITHKTIKAG KOTAOTOOHG.

1. Introduction

In the eastern Rhodope two large tectonic windows appear, called Kesebir-Kardamos Dome and
Biela Reka—Kechros Dome. The greek part of Kesebir-Kardamos Dome is known as Kardamos
Complex. The Papikion Mt. Pluton, intruding Kardamos Dome, consists of biotite (Bi),
hornblende (Hbl) and biotite-hornblende (Bi-Hbl) bearing rock types. A noteworthy observation
concerns the morphology of some Hbl crystals in some samples. In detail, these crystals are sieved,
mainly subhedral in shape and enclose randomly anhedral quartz. This work aims at studying the
mineralogy and chemistry of the amphiboles of Hbl-bearing rock types and contributes to the
estimation of the crystallization conditions. Efforts are made in order to explain the origin of the
above mentioned sieved hornblendes.

2. Geological Setting

The evolution of the Rhodope massif has been extensively studied through the past years. The
Greek Rhodope massif has been divided into two tectonic units: the Lower Tectonic Unit (LTU),
also known as Pangaion and the Upper Tectonic Unit (UTU) also known as Sidironero
(Papanikolaou and Panagopoulos, 1981, Mposkos, 1989, Mposkos and Liati, 1993). The LTU
extends towards the NW, into Bulgaria, where it is called Pirin Unit. This terrain represents a
microcontinent with a carbonate platform that cores the large antiform from the Rila Mountains to
the Thassos island through the Pirin and Pangaion mountains (e.g. Kronberg et al., 1970, Kronberg
and Raith, 1977). The LTU is mainly composed of a succession of orthogneiss and migmatitic
gneiss with a few paragneiss occurrences in Bulgaria (Ivanov, 1988) and a succession of
alternating pelitic gneisses, amphibolites and marbles in Greece (Mposkos, 1998, Krohe and
Mposkos, 2002). The UTU is of higher metamorphic grade (upper amphibolite-facies and, at least
partly, granulite-facies) and is separated from the LTU (upper greenschist-facies to lower
amphibolite-facies) by a major WNW trending thrust plane, known as the Nestos Thrust Zone
(Papanikolaou and Panagopoulos, 1981, Zachos and Dimadis, 1983, Mposkos, 1989, Gerdjikov
and Milev, 2005). The UTU comprises interlayered amphibolites, marbles, metapelitic schists and
various gneisses enclosing eclogite and metaophiolite lenses (Ivanov, 1988, Burg et al., 1996).

According to Burg (2012) LTU is exposed also in eastern Rhodope as a string of four separated
domes. These are, from northwest to southeast, the Chepinska, Arda, Kesebir and Biela Reka
"units" in Bulgaria; the last two are called Kardamos (Mposkos and Krohe, 2000) and Kechros
(Mposkos and Krohe, 2000) in Greece. These domes expose monotonous, quartz-feldspathic,
strongly deformed gneisses of dioritic composition intruded by metagranitoids, some of which are
presumably syntectonic. The Kesebir (Bulgaria)-Kardamos (Greece) is a subelliptical extensional
gneiss dome that trends NE-SW (Bonev et al., 2006, Krenn et al., 2010) (Fig. 1a).

The Papikion Mt. pluton intrudes Kardamos Dome (Fig. 1a&b). It spreads from lasmos in the east,
to Komotini to the west and from the Xanthi-Komotini fault in the south to the Greek-Bulgarian
borders to the north. This pluton, with characteristic gneissic texture, covers about 100 km? in the
SW part of Kardamos Dome in Greece. It is bordered by marbles to the SW, where typical skarn
minerals appear, epidote and garnet, and by gneiss to the NE, intruding the Kardamos Dome
(Boneyv et al., 2006 and references therein). The thickness of the skarn zone ranges from 0.5 m to
1.5 m. The gneisses represent the lower unit of Kardamos Dome and the marbles represent the
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intermediate unit, therefore the Papikion Mt. pluton intrudes both the lower and intermediate units
of the Kardamos Dome.

Figure 1 — a) Geological map of Kesebir-Kardamos Dome (Modified after Boneyv et al., 2006).
b) Geological map of Papikion Mt pluton (Modified after Dimades and Zachos, 1985).

3. Petrology

Papikion Mt pluton consists mainly of six rock types which have been classified on the basis of
field observations, mineralogical composition and the Q’-ANOR diagram (Streckeisen & Le
Maitre, 1979, not shown). These types are biotite granite (Bi GR), biotite granodiorite (Bi GRD),
biotite hornblende granodiorite (Bi-Hbl GRD), hornblende granodiorite (Hbl GRD), biotite
hornblende diorite (Bi-Hbl DR) and hornblende diorite (Hbl DR). Aplitic dykes intrude the above
rock types. The Bi GRD contains fine to medium grained, ellipsoidal, mafic microgranular
enclaves (MME) with length ranging from 5 to 30 cm. Xenoliths, mainly of amphibolitic
composition, also exist mostly in Bi & Bi-Hbl GRD. About 200 samples were collected from the
plutonic and the basement rocks and a group of 65 samples have been analyzed by X-Ray
Fluorescence (XRF) for major and trace elements (as part of the PhD thesis of the first author). In
general, all the rocks are evidently foliated. The relationship among the rock types is rather
obscure. There is no field evidence of one rock type intruding the other. In addition, there are some
locations where mingling phenomena are characteristic.

In all Hbl-bearing rocks, the hornblende is the main mafic mineral. The Hbl DR contains in
average 60% Hbl, the Bi-Hbl DR contains 42% Hbl, while the Hbl GRD contains 30% Hbl and
Bi-Hbl GRD contains 18% Hbl.

4. Petrography and Mineral Chemistry

In general, hornblende has colours ranging from light green to brown and shows no zoning. In
some cases, it is enclosed by biotite although elsewhere biotite encloses hornblende. Many
samples, mostly those collected at the margins of the pluton, have gneissic texture, however,
hornblende crystals do not display any preferred orientation. Hbl forms euhedral to subhedral
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(from now on will be called “normal”) crystals and in some samples sieved crystals (Fig. 2 a&b).
Sieved crystals are mainly subhedral in shape and enclose randomly anhedral quartz. However,
samples with both Hbl textures, normal and sieved, were observed.

a b
Figure 2 - Photos of hornblende a) with a quartz sieved texture and b) with normal texture.
The long dimension of each photo corresponds to 4mm, parallel Nicols.

Representative samples of the Hbl-bearing rock types were selected for microanalyses. Mineral
chemical analyses were carried out at the Scanning Microscope Laboratory, A.U.Th., using a
JEOL JSM-840A Scanning Electron Microscope (SEM) equipped with an Energy Dispersive
Spectrometer (EDS) with 20kV accelerating voltage and 0.4 mA probe current. Pure Co was used
as an optimization element. For SEM observations, the samples were coated with carbon — average
thickness of 200 A — using a vacuum evaporator JEOL-4X.

The results of representative amphibole analyses from each Hbl-bearing rock type are given in
Table 1. Ferric iron was estimated according to Schumacher (1997). The Si content varies between
from 6.29 to 7.47 atoms per formula unit (apfu). According to the classification diagram of Leake
(1997), all the amphiboles belong to the calcic group. Amphiboles of the Bi-Hbl GRD plot in the
area of ferroedenite and hastingsite (Fig. 3a). On the other hand, the amphiboles of Bi-Hbl DR and
Hbl DR, plot mainly in the magnesiohornblende field and the ferrohornblende field (Fig. 3b).
Finally, the amphiboles of Hbl GRD are displayed only in the magnesiohornblende field (Fig. 3c).
From Figures 3b and 3c, it is obvious that sieved hornblendes are not chemically different from the
normal ones. Plagioclases appear to be homogeneous and no zoning was observed. Plagioclase
compositions range from Anys to Ang in all Hbl-bearing rock types.

5. Thermobarometry

The average, minimum and maximum crystallization pressures for each rock type as resulted from
the application of amphibole barometry are given in Fig. 6a. In all cases chemical analyses were
chosen from the rim of the amphibole crystals and constraints of each barometer were taken into
account.

The higher mean pressure values were found in the group of DR, while the lower in Hbl GRD. The
highest crystallization pressure was found in the DR with the Schmidt geobarometer (6.9 +0.6
kbar). To calculate the pressure by the geobarometer of Anderson and Smith (1995) a mean
temperature of 740 °C was accepted for Bi-Hbl GRD, 700 °C for the DR group and 600 °C for Hbl
GRD. Mean temperatures were estimated by the amphibole-plagioclase geothermometer (Holland
and Blundy, 1994).

The application of the amphibole-plagioclase geothermometer gave values, in average, from 600
(+ 40)°C (Hbl GRD) to 725 (+ 40)°C (Bi Hbl GRD) (Fig. 6b). Plagioclase compositions were in
the range of Anas-Anss.
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6. Discussion

Amphiboles are present both with sieved texture enclosing randomly anhedral quartz and with
normal texture. No chemical difference was observed among the two.

According to Collins (2003) and Collins and Collins (2002 and references therein) sieved
hornblende texture has been ascribed to K- and Si-metasomatism after solidification of the
plutonic rock. In this case, an initial mafic igneous rock, uniform in composition and fabric,
crystallized from magma. If this rock is deformed so that fluids can enter and cause metasomatism
at temperatures below melting conditions, a granite with a uniform appearance can be the final
product. During this process, plagioclase in the original mafic rock could be partially replaced by
K-feldspar while the rest recrystallizes as sodic plagioclase. Si-metasomatism causes replacement
of hornblende and/or biotite by quartz resulting in sieve texture. This could explain the occurrence
of a low-temperature mineral, such as quartz, enclosed in the high-temperature hornblende crystals.
Because most of the ferromagnesian silicates are replaced by quartz, the final product is a granite
whose composition lies on or near the eutectic minimum. In magmatic or metasomatic granites,
the mineral assemblages are the same and stable at the same P-T conditions.

Figure 3 - Classification diagrams after Leake et al. (1997, 2003) a) Bi Hbl GRD, b) Bi-Hbl
DR and Hbl DR, ¢) Hbl GRD; grey squares: sieved crystals, black squares: normal crystals.
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According to Beard et al. (2005) sieved hornblende may be the result of bulk assimilation of
xenoliths from the magma during crust-mantle mixing. In this case, xenoliths containing mica or
amphibole are incorporated into host magma and are subjected to dehydration melting producing
plagioclase, pyroxene, Fe-Ti oxides, and hydrous melt. Due to partial melting, the xenolith begins
to disintegrate and “xenolithic melt” and crystals are mixed into the host magma. At this stage,
pyroxenes and oxides undergo hydration crystallization reactions that lead to the formation of
feldspars, amphiboles and micas. Replacement of pyroxene by amphibole results in the formation
of quartz at amphibole-pyroxene contact. Eventually, when pyroxene is consumed, a quartz-sieved
hornblende texture remains.

Figure 6 a & b — a) Maximum, minimum and average values of crystallization pressures of
Hbl-bearing rock types of Papikion Mt pluton, based on amphibole barometry. H&Z:
Hammarstrom and Zen (1986), H et al.: Hollister et al. (1987), J&R: Johnson & Rutherford
(1989), SCH: Schmidt (1992) and A&S: Anderson and Smith (1995).b) Maximum, minimum
and average values of crystallization temperatures of Hbl-bearing rock types of Papikion Mt
pluton, based on the amphibole-plagioclase geothermometer.

There are many geothermometers used in metamorphic rocks and many of them are applied to
plutonic rocks. The specificity of plutonic rocks is that mineral phases can crystallize in a wide
range of pressures and temperatures and it is uncertain whether they have reached equilibrium
conditions during magma crystallization. Many minerals continue to equilibrate and change
composition after magma crystallization, during cooling in the solid state (subsolidus cooling),
indicating continuous reaction with the melt. Ion exchange between minerals can continue well
below the solidus temperature. The use of many different thermometers can lead to reliable
conclusions concerning the conditions of magma crystallization. The amphibole-plagioclase
geothermometer of Holland and Blundy (1994) used in the Hbl-bearing rocks of Papikion Mt.
yields average temperatures, with an error of £ 40 °C, of 600 °C (Hbl GRD), 660 °C (DR) and
725 °C (Bi Hbl GRD) that are considered low for dioritic and granodioritic magmas. These
temperatures possibly represent the equilibrium temperatures of amphibole and plagioclase, i.e. the
time that ion diffusion ceased rather than crystallization temperatures.

7. Conclusions

The hornblende occurs as the basic mafic component in Bi-Hbl GRD and Bi-Hbl DR and is the
only mafic mineral of Hbl GRD and Hbl DR. According to the nomenclature diagrams, the
amphiboles of the Hb GRD, the Bi-Hbl DR and the Hbl DR are classified mainly as
magnesiohornblende and ferrohornblende and the amphiboles of the Bi-Hbl GRD are ferroedenite
and hanstingsite. The sieved crystals of hornblende differ from the normal ones only
morphologically and not chemically. This texture can probably derive from the destruction of
mafic minerals such as pyroxenes and hornblende itself, leaving quartz. Some samples present
particular gneiss texture, but the crystals of hornblende in these samples are not oriented. The low
temperatures estimated for the Papikion Mt pluton could be ascribed to high oxygen fugacity
partial pressure (fO2), as been noted for other granitoids, particularly for I-type granitic rocks
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Table 1 (continue) - Representative analyses of amphiboles from each Hbl-bearing rock type of Papikion Mt pluton based on 23 O.

Sample 15 925 602 603 911 14 220
core int Rim core int rim core int rim core int rim core int rim core int rim core rim rim
Si0: 4491 | 45.06 | 45.87 | 47.28 | 46.39 | 4636 | 43.94 | 4594 | 42.27 | 44.97 | 42.92 | 4349 | 48.34 | 51.21 | 47.85 | 44.09 | 43.25 | 43.37 | 42.62 | 41.30 | 41.52
TiO: 0.42 0.50 0.54 0.77 0.65 0.53 0.54 0.39 0.50 0.39 0.79 0.66 0.44 0.00 0.22 0.60 0.51 0.48 0.64 0.84 0.77
AlLOs 11.02 | 11.88 | 11.70 | 10.90 | 12.16 | 11.23 | 12.30 8.68 | 15.01 10.66 | 11.83 | 12.71 7.29 4.91 7.82 9.50 9.71 9.68 | 10.26 8.09 9.95
FeO 17.21 | 1526 | 16.46 | 14.43 | 14.65 | 14.19 | 17.84 | 16.78 | 17.30 | 18.40 | 18.46 | 18.87 | 1525 | 1595 | 15.81 | 20.44 | 20.66 | 20.71 | 20.36 | 26.20 | 20.83
MnO 0.20 0.57 0.36 0.39 0.41 0.49 0.54 0.60 0.68 0.67 0.47 0.52 0.58 0.56 0.53 0.73 0.92 0.58 0.34 0.40 0.46
MgO 9.95 | 1048 | 10.06 | 10.16 | 10.37 | 10.60 9.59 | 11.35 8.20 8.83 8.43 7.56 | 12.01 12.26 [ 12.05 8.50 8.69 8.14 8.62 6.09 8.68
Ca0O 12.56 | 12.44 | 12.02 | 11.74 | 11.40 | 11.98 | 11.33 | 12.55 | 11.96 | 12.13 | 12.31 | 12.10 | 12.49 | 12.48 | 12.71 | 11.63 | 1220 | 12.16 | 12.12 | 11.65 | 12.12
Na,0 0.89 0.66 1.01 0.69 0.87 1.14 1.01 0.82 1.54 0.88 0.76 0.95 1.05 0.54 0.83 1.36 1.05 1.38 1.29 0.98 1.36
K,O 0.43 0.36 0.34 0.52 0.54 0.53 0.58 0.67 0.43 0.74 0.89 0.69 0.82 0.48 0.60 1.45 1.59 1.54 1.75 1.88 1.67
Total 97.73 | 97.31 | 98.37 | 96.89 [ 97.49 | 97.05 | 97.65 | 97.78 | 97.89 | 97.67 | 97.03 | 97.57 | 98.28 | 98.37 | 98.42 | 98.30 | 98.58 | 98.06 | 98.02 | 97.43 | 97.37
Si 6.664 | 6.642 | 6.716 | 6.965 [ 6.781 | 6.845 | 6.501 | 6.795 | 6.294 | 6.737 | 6.498 | 6.550 | 7.110 | 7.479 | 7.001 | 6.682 | 6.537 | 6.628 | 6.496 | 6.501 | 6.383
AlIV 1.336 | 1.358 | 1.284 | 1.035 | 1.219 | 1.155 | 1.499 | 1.205 | 1.706 | 1.263 | 1.502 [ 1.450 ] 0.890 | 0.521 [ 0.999 | 1.318 | 1.463 | 1.372 | 1.504 | 1.499 | 1.617
T | 8000 | 8000 | 8000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 } 8000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000
Al VI 0.592 | 0.705 | 0.737 | 0.857 | 0.876 | 0.799 | 0.646 | 0.308 | 0.927 | 0.619 | 0.610 | 0.807 | 0.374 | 0.323 [ 0.350 | 0.379 | 0.267 | 0.372 ] 0.339 | 0.002 | 0.187
Ti 0.047 | 0.055 | 0.060 ] 0.085 | 0.072 | 0.059 | 0.060 | 0.044 | 0.056 ]| 0.044 | 0.090 [ 0.074 ] 0.049 [ 0.000 [ 0.024 ] 0.068 | 0.058 | 0.055 ] 0.073 | 0.099 | 0.089
Fe’* 0.314 | 0.324 | 0.198 | 0.004 [ 0.181 [ 0.014 | 0.553 | 0.459 | 0.240 ] 0.215 | 0.321 | 0.135 ] 0.018 | 0.033 | 0.261 | 0.241 | 0.492 | 0.191 | 0.318 | 0.628 | 0.521
Cr 0.000 | 0.000 | 0.000 }J 0.000 [ 0.000 [ 0.000 J 0.000 [ 0.000 [ 0.000 } 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 § 0.000 | 0.000 | 0.000 § 0.000 | 0.000 | 0.000
Mg 2202 | 2303 | 2.197 | 2.231 | 2.260 | 2.332 | 2.115 | 2.503 | 1.821 1.972 | 1.903 | 1.697 | 2.634 | 2.670 | 2.630 | 1.920 | 1.957 | 1.855 ] 1.959 | 1.429 [ 1.988
Fe?* 1.822 | 1.558 | 1.810 | 1.774 | 1.610 | 1.739 | 1.626 | 1.617 [ 1.914 ] 2.090 | 2.017 | 2.243 | 1.858 | 1.915 | 1.673 | 2.350 | 2.119 | 2.456 | 2.276 | 2.821 | 2.157
Mn 0.023 | 0.055 | 0.000 | 0.048 | 0.002 | 0.057 | 0.000 | 0.070 | 0.042 | 0.060 | 0.059 [ 0.044 ] 0.067 [ 0.059 [ 0.062 | 0.042 | 0.106 | 0.071 ] 0.035 | 0.021 | 0.058
C | 5.000 | 5.000 | 5.000 | 5.000 | 5.000 | 5.000 | 5.000 | 5.000 | 5.000 ] 5.000 | 5.000 { 5.000 ] 5.000 | 5.000 { 5.000 | 5.000 | 5.000 | 5.000 ] 5.000 | 5.000 | 5.000
Mg 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 J 0.000 [ 0.000 [ 0.000 J 0.000 | 0.000 | 0.000 ] 0.000 | 0.000 | 0.000
Fe?* 0.000 | 0.000 | 0.008 J 0.000 [ 0.000 [ 0.000 J 0.028 | 0.000 [ 0.000 } 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 § 0.000 | 0.000 | 0.000 § 0.000 | 0.000 | 0.000
Mn 0.002 | 0.016 | 0.045 ] 0.001 | 0.049 | 0.004 | 0.067 | 0.005 | 0.043 ] 0.025 | 0.002 | 0.022 ] 0.005 [ 0.009 [ 0.004 ] 0.052 | 0.011 | 0.004 ] 0.010 | 0.032 | 0.001
Ca 1.996 | 1.965 | 1.886 | 1.853 | 1.786 | 1.895 | 1.796 [ 1.989 [ 1.908 | 1.947 | 1.996 | 1.952 | 1.969 | 1.953 | 1.992 | 1.889 | 1.976 | 1.991 | 1.979 | 1.965 | 1.997
Na 0.002 | 0.019 | 0.061 | 0.147 | 0.166 | 0.101 | 0.109 | 0.006 | 0.049 | 0.029 | 0.002 | 0.026 ] 0.026 [ 0.038 [ 0.004 | 0.059 | 0.013 | 0.005 ] 0.011 | 0.003 | 0.002
B | 2.000 | 2.000 | 2.000 ] 2.000 | 2.000 { 2.000 ] 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000 | 2.000
Na 0.255 | 0.170 | 0.227 | 0.052 [ 0.082 | 0.224 | 0.180 | 0.230 | 0.395 ] 0.227 | 0.220 | 0.251 | 0.274 | 0.114 | 0.231 | 0.339 | 0.294 | 0.402 | 0.371 | 0.297 | 0.405
K 0.082 | 0.068 | 0.064 | 0.097 | 0.102 | 0.101 | 0.109 | 0.126 | 0.082 | 0.142 | 0.172 | 0.133 ] 0.153 | 0.089 [ 0.112 | 0.281 | 0.306 | 0.301 | 0.341 | 0.377 | 0.328
A ) 0337 | 0238 | 0291 | 0.149 | 0.184 | 0.325 | 0.288 | 0.356 | 0.477 | 0.370 | 0.392 | 0.385 | 0.427 | 0.202 | 0.344 | 0.620 | 0.600 | 0.703 | 0.712 | 0.674 | 0.733
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(Soltani and Carr, 2007, Toummite et al., 2012). Conclusion about the conditions of the
crystallization of Papikion Mt pluton is that the pluton penetrated in deep and in relatively high
pressures, about 5 kbar, considering the thin skarn zone (0,5-1,5 m approx.) of the pluton with the
marbles (Bucher and Frey, 2002). Also the use of amphibole-plagioclase thermometer shows that
the system has prevailed ion diffusion in the solid state to succeed a balance.
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