ITPAKTIKA THY AKAAHMIAZS AOHNQN

ZYNEAPIA THX 204z OKTQBPIOY 1977

nroearia TIETPOY XAPH

rEQXHMEIA.— Geochemistry of high K-andesites from Polichnitos
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ABSTRACT

The distribution of rock forming (SiO,, Al,0;, Ti0,, Fe;0;, FeO,
MgO, CaO, Na,0, K,0, MnO, P,0;) and rare (V, Cr, Ni, Cu, Zn, Rb, Ba,
Sc, Sr, Y, Zr, Nb, Th, U, lanthanides) elements from volcanites of Polich-
nitos area is reported. These volcanites belong to the high K-andesites.
Total lanthanide rare earth elements for the whole collection appear to
be related to the hydrothermal action. Geochemical and Sr®/Sr® isotopic
data for the andesitic rocks are inconsistent with their derivation by
fractional crystallization from a basaltic parent, or by direct mantle
derivation involving a single stage process. It is suggested that the ande-
sitic volcanics are products of a primary andesitic magma which origi-
nated by partial fusion of material of the lower crust.

INTRODUCTION

Mytilini is a mountainous island made up of cenozoic volcanic
rocks, sedimentary rocks derived from the volcanics, and subordinate
organic limestones and marls. Mytilini has a total area of 1600 km?, with
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some 15-20Y, of its area occupied by two shallow water gulfs (lagoons),
both situated in the southern part of the island (Fig. 1).

The work reported here forms the beginning of an investigation
of the major and trace element geochemistry of the volcanic rocks in

LESVOS
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AEGEAN SEA

Higesx.

Mpytilini island. The samples studied are representative rock types from
the localities Nyfida and Apothika (Fig. 2) north-west of Polichnitos
villa, and from the Agra area.

The geology and petrology of Mytilini has been described by Hecht
(1971) who has carried out the geological mapping of the island. The
extrusive rocks of Mytilini are mainly Pliocene in age. According to
Borsi et al. (1972) the volcanism of Lesvos began in the lower Miocene
(21 m.y.). The rocks described belong to the group described by Hecht
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(1971) as upper lava unit. This large group comprises dacitic, latitic,
latitandesitic and quartz-andesitic lavas.

PETROGRAPHY OF THE ROCKS

Thin section examinations showed the rocks to be composed of the

following minerals:

a) Plagioclase. X-ray diffraction of mechanically separated crystals
was used to identify the plagioclase feldspar (andesine). In some
cases the plagioclase have suffered a magmatic corrosion. The
composition of plagioclase is between Ang;.7;, according to Bra-
ger (1966). Zoned plagioclase phenocrysts are abundant.

b) Biotite is widespread showing a strong pleochroism from brown
to light brown.

c) Clinopyroxene (augite). This is the principal ferromagnesiam
mineral in the phenocrysts.

d) A few olivine grains, as residues.

e) Hematite - magnetite.

f) Apatite.

2) Amphibole rare (Hornblende).

The rocks have a porphyritic texture the phenocrysts of plagio-
clase, clinopyroxene, biotite being set in a fine or medium-fine grained
groundmass.

Xenocrysts of corroded quartz occur sporadically.

ANALYTICAL METHODS

Laboratory work was carried out at the Department of Geology,
Manchester University. Whole rock analyses have been made by standard
X.R.F. (Brown et al. 1973) and classical wet chemical methods. (FeO
was determined using the method of Wilson 1955, 1960; H,O and CO,
was determined gravimetrically). The trace elements V, Nd, Ce, Cr, Ni,
Cu, Zn, Rb, Ba, Sc, Sr, Y, Zr, La, Nb were determined by X.R.F. ana-
lysis. U, Th and lanthanides were determined by using mass spectro-
graphic analysis (Nicholls et al. 1967, and Nicholls 1970).

The results obtained are reported in tables 1 and 2.
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TABLE @2

Trace elements in the andesite formation under study
(data in ppm by wt).

i i
PM N R ‘ n NGR'  NR’
1 2 3 4 5
\% C109 79 137 151 119
ND 39 26 21 28 928
CE 100 75 62 66 63
CR 236 178 ‘ 480 354 527
NI 81 59 | 79 ‘ 81 71
(0] 40 41 ! 52 41 51
ZN 119 61 | 69 64 48
R B 164 119 126 129 107
B A 1846 1550 1282 4459 1214
scC 20 15 19 22 27
SR 820 | 658 553 692 658
Y 30 21 19 17 12
ZR 218 | 167 146 146 128
LA 64 57 47 st 42
N B 23 | 16 20 17| 19
| | |
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WHOLE ROCK GEOCHEMISTRY

Discussion

The rock type was identified on the basis of the potassium-silica
relationship (Fig. 3). The rocks plot in the field of high K-andesite (one
of them in the field of andesite) as defined by Taylor (1969).

The FMA diagram (Fig. 4) indicates that there is no iron
enrichment, relative to MgO and Na,O 4+ K,O. On the same diagram

5
4 l
| ol
Big Rhyolite
3 High K-Andesite 2
Q
) . 3 .
KZO/a 2 Low Si o Dacite
Andesite Andesite

High Al
1

Basalt

Low K- Andesite

50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Si0, %

Fig . 3.

other high K-andesites and similar rocks are plotted for comparison.
The rocks plot within the limits of Kuno’s (1966) «hypersthenic rock
series» and belong to the calc-alkaline rock series.

The K/SiO, ratio is high (5.09, 4.37, 3.02, 4.23, 3.67) similar to
those values of the northern group of Aegean sea volcanoes (PE, 1975).

The average chemical composition of the analysed rocks and the
average composition of the crust are given in the table 3). A high degree
of similarity is evident, especially when comparing the Mytilini rocks
with the average chemical composition of the crust. Assuming that these
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andesites are derived directly from the upper mantle, higher Fe, Mg, Ca
and Ti average values than in the crust would be expected. These

AlK

Fig. 4.

values, however, are either approximately equal to or lower than those
of the crust.

The following trace elements have been determined in the ande-
sites under study : V, Cr, Ni, Cu, Zn, Rb, Ba, Sc, Sr, Y, Zr, Nb.

MASS SPECTROGRAPHIC DETERMINATIONS OF U, Th
AND RARE EARTHS

Table 4 shows the contents of U, T'h and lanthanides in three ande-
sites under study. The total lanthanide contents range between 140 and
175 ppm. For all samples analysed the light rare earths, La, Ce, Pr and
Nd contribute the greater part to the total lanthanide content.
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TABLE 8

Average major element chemistry of volcanic rocks,
in comparison with those of the crust, and of the
detrital fraction of bottom sediments.

[

‘ Average vol- ' Average ‘ ; ‘

| canic rock detrial 1 ‘ 2 | 3

‘ (b analyses) | fraction* )

| | |

| T | [‘ |
Sio, 59.71 56.21 ‘ 59.4 60.3 60.18
Al,0, 15.55 15.57 15.6 15.6 15.61
(total)
Fe,O, 6.01 6.39 — 7.2 i
FeO 1.26 — 5.0 T2 3.88
MgO 2.7 3.33 4.2 3.9 3.56
CaO 6.67 1.856 6.6 58 T
Na,0 3.09 1.06 3.1 3.2 3.91
K,O 2.94 3.07 9.3 2.5 3.19
TiO, 0.74 0.79 1.2 1.0 1.06
MnO 0.11 0.08 0.2 = -
P,0, 0.30 0.10 0.3 = -
I. L 1.7 — — — =
€ - 5.30 — — =
H,0 - | 6.33 - ‘ — —

1= Continental crust, average of continental shield and young folded belt
regions (Poldervart, 1955); corresponds to quartz-bearing latite-andesite.

2 — Continental crust, average of one part basic and one part felsic rock
(Taylor, 1964) ; corresponds to quartz-bearing latite-andesite.

3 — Continental crust (Clarke and Washington, 1924); corresponds to quartz-
bearing latite.

* Average of 12 detrital fractions of bottom sediments from the Kalloni

gulf. (Kelepertsis, 1977).
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T ABLE:; 4

Mass spectrographic determinations of U, Th an lantha-
nides (data in ppm wt) of unaltered and hydrothermally
altered andesites.

\

} 3 4 5 | A*

| | | |
U 13.40 14.3 1.01 e
Th 34 69.5 10 -
La 47 31 42 0.30
Ce 62 66 63 0.84
Pr 11.6 16 ' 1.8 0.12
Nd 21 28 28 0.58
Sm 8.3 6.3 1.0 0 21
Eu 2.1 1.8 0.26 0.074
Gd 7.8 6.2 0.91 0.32
Tb 143 1.6 | 0.17 0.058
Dy 5.4 4.3 0.75 0.31
Ho 0.92 0.75 0.12 0.073
Er | 83 : 3.8 | 0.7 0.21
Tm | 0.47 0.59 0.16 0.033
Yb 3.4 3.5 0.56 0.17
Lu 0.68 | 0.8 | 0.25 0.031

A* — Average of chondritic meteorite analyses given by Has-
kin et al. 1966.
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In any graphical representation of abundances of the rare earth
elements a simple plot of log concentration against atomic number results
in a zig-zag pattern due to the natural predominance of elements having
an even mass number over those of odd mass number. Coryell et al.
(1963) suggested removal of the figure by dividing the element contents
in one population by the corresponding ones in a second. I have followed

200
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previous practice in using figures for the average rare earth contents
of chondritic meteorites as the second population. For each rare earth
in each of the andesite sample the ratio (content in andesite) / (average
content in chondritic meteorites) was calculated and in the text figure
in this paper these ratios have been plotted on a log scale against atomic
number (fig. 5).

The two samples (No 3, No 4) represent grey coloured andesites
which show no signs of hydrothermal alteration. The samble No 5 is a
red coloured andesite which has been altered hydrothermally. Compa-
rison of the total rare earths of the hydrothermally altered andesite with

those of the unaltered andesite showed that the red andesite is depleted
ITAA 1977
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in rare earths. Inspection on the fig. 5 shows that this depletion is
mainly due to the lower Pr (light earth) content and the lower heavy
rare earth contents of the red andesite. La, Ce and Nd contents are
approximately the same in both the grey and red andesite. On the other
hand, the two unaltered grey andesites show similar RE patterns.

ORIGIN OF THE ANDESITES

The current hypotheses on the origin of andesites can be grouped
into two principal models: (a) andesitic liquids are derived from high
Al-basaltic magma either directly by fractional crystallization under
oxidizing conditions or by assimilation of crustal materials; (b) andesites
are primary liquids derived by partial or complete melting of host rocks
in the lower crust or in the upper mantle.

Origin of the «andesite formation» by fractional crystallization of
basaltic magma would require existence of enormous quantities of
basaltic parent magma in Lesvos. Such basaltic parent magma, however,
is lacking in Lesvos. According to Borsi et al. (1972) the recent basic
rocks of the eastern part of Lesvos, described also as basalts (Prager,
1966) are actually KyO-rich mafic latite-andesites or latites rich in augite
and olivine and containing an alkali-feldspar in the ground mass. It is
very unlikely that basaltic magma’s representatives remained at depth,
whereas the differentiates, i.e. the range of andesite to dacites, reached
the surface. Also the trace element abundances are inconsistent with a
derivation of the magma of the andesite formation by fractional crystalli-
zation of basaltic parent. The Sr%/St® isotopic composition (Borsi et al.
1972) shows relatively high values. Magmatic rocks of upper mantle
derivation show Sr®%/Sr®% ratios generally between 0.702 and o.705 the
andesites having a maximum frequency around o0.704 (Pushkar, 1968).
Compared to this all values are too high (mean value 0.708) and there-
fore not consistent with a derivation of the andesitic magmas directly
from the mantle. The data available for the andesites under study are
inconsistent with their derivation by fractional crystallization of a
basaltic parent or by direct mantle derivation involving a single stage
process. The andesitic rocks are products of a primary andesitic magma
originated by widespread partial fusion of material in the lower crust.
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This suggestion is based both on major and trace element characteristics
and on Sr%/Sr% compositions. An origin of the andesitic magmas by
mixing of basaltic magmas of the upper mantle with acidic melts,
formed by fusion of upper crustal rocks, does not seem plausible, because
of the high contents of some large ionic radius elements (Ba, Th, U, Sr,
Rb, K) which are approximately equal to or lower than those of the crust.
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HEBEPIAHWYIZ

Eig my magooav goyaciav ushetdron 1 natavour td@v douxtohoywdy ov-
oratx®v xal OEewdiowv (Si0p, AlO5, Ti0,, FeyOs, FeO, MgO, CaO, NayO,
K,0, MnO, P,0;) nadag éniong 1 xatavou ixvootoyeiov (V, Cr, Ni, Cu,
Zn, Rb, Ba, Sc, Sr, Y, Zr, Nb, Th, U, ondviar yoia) elg figaiotitag Gmo
v xtegroynv [loAuyvitov xal Ayoog tig vijoou Aéofov. Ta xilgia douxrodoyixe
CUOTATIXG TOV AveTéom T@atoTitdv eivar mhaydxhaotov (&vdeaivng), Protityg,
adyitng, évd devtegevdvrwg dmavrelv OAPivng, aluatitng, wayvyritng, Gmati-
TG, %€Q0oTiAP.

Ta peretndévra merodpota Gvixovy eig Tv xatnyogtav t@V Gvdeoitdv pé
vyniov mocootov xakiov (K). To ovvokov tdv omaviov yor@v Gmedetydn Gt
ovvdéetar ug v vdpodeouuxny dodotv.

Ta yswymuxa Oedopéva #al ta dmoreréopara tob Adyov tdv lsotdmwv
orgovtiov Sr¥” [Sr¥ thv dvotéow dvdeoitdv dev ovuPifdlovral ué uta mooédeu-
owv 4o xhaopatinny xouordAlwowy &vog Bacaitixod pdyuatog 1) dmd dx’ eddelag
mooéhevory Gmd tov navdiav. Elvar mdavov ftu ta peremniévra merodpara
moofihdov Gmd &va mowtaynov Gvdscitinov udypa, to 6wotov Eoynuatiodn dmo

ueotxnv THEW VAol tob xatwtégov @rotod.
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