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The mineralogy of the garnetite from Serifos island was studied, apti-
My, by X-ray diffraction and microprobe analysis.

It is a typical skarn carnetite with andraditic garnet composition. Ac-
rding to microprobe analysis the garnet composition s

Andradite (Ca,Fe,00+515072) = 98-71
pyrope (Mg A1.51,0::) c0-1
Spessartine (MnyAl.Si,0,.) : 0.2-1.5.
Grossulare (Ca,Al,S1,0i:) @ 0.2-28

Almandine (Fe,2+A1,51,01:)
Uvaroyite (Ca,Cr 51,012 ) : =
Optical properties, density and lattice constants were determined and

re in qood agreement to each other.
The possibility of use of the garnetite as industrial mineral is dis-

yssed.

ZYNDODWH

MeheTRANKE 0 opuktoAoyia Tou ypavatltn tng vhoou Zeplpou L KDOOKOMLKG ,
£ neplBhaoLueTpla okTlvv-X kaL uikpoavdhuan,
ModeeLTal yLa Tumikd ypavatiTn UETAOWHATWONG UE avBpadLtikd ovotaan. Me

TLC ULkpoavahloeLe n guotaon tou civat

Andradite  (Ca,Fe0+51,042) To98-71%
Pyrope (Mg,A1.51,0,:) o 0-1%
Spessartine  (Mn,A1,51,0:2) @ 0.2-1.5-
Grocsulare  (Ca,A1,51.0,2) @ 0.2-28%

Almandine  (Fe,2+A1.57: 0y2)
Uvarovite (Ca,Cr,51,0;2) 2 -

A NpoodLoploTnkay oL BELKTEC SLdBhaonc, to £1ALKG Bdpoc kalL oL oraBepéc
Mvyuotoc. 0L mapandvw otaBepéc Ppiokovial OF guppwvio petafl TOUG KAl UE TLQ
ILkpoavahUOE LG, WG TIPOG TOV XGpaktnpLoud tou ¥pavatn .

MeAetTdTal n BUvATOTNTA XoAonc Tou Ypavatitn cav BLOUNXIVLED OPUKTO.

INTRODUCTICN
The island of Serifos is situated about 100 km SSE of Athens, in the we-

tern part of the central Aegean Sea (Fig. 1).

PL.C.M.E., Messoaion 70, 115 27 Athens, Greece.
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Geologica My ‘ot beTongs“te [the Attic-Cycladic unit of the Pelage
Y

¢ Sif (Fig, L) and consists, 2s.2.part of, thewmedan Crystalline belt withj

pang progenic Chalinwof Ahe HEllenidel, mainly of metamorphic rocks (me

recgnding at least three different metamorphic events (DURR et al., 19

A granitic intrusion (finegrained biotite-hornblende granodiorite, I-ty-
N caused the formation of hornfels and the skarnification of the already meta-
;ﬁhosed (M14M2) basement, and re~vesents the M3 metamorphic phase.

Metasomatic phenomena are w oread on the island, along the northern

L wel] as the southern contact granodiorite-basement, several kilometers long,

5 to 2.000 m wide and 200 m thick (Fig. 2). Lime-magnesian- and silicate skarn
Q;present. Massive skarn has been located mainly in the central and the western

15 vt ) #618Ucephand sehistrfacies, regional metamorphism, dated
50 Ma (ALTHERR et al,, 1987).
o ot 2 (M2 )5Greenschist facies, regionalshetamorphism, dated at 25e8
{ALTHERR et al.. 1982}

3. (M3). Low pressure contact metamorphism, associated with lo
toid plutonism, dated about 10 Ma (DURR et al., 1978).

J}g of the island, showing an unusual mineral growth and distinctive metasomaFic
 .tion, which includes Fe-ore deposits (magnetite, hematite, limonite) and mi-

or Cu, Pb-Zn and F-Ba mineralisations,

| In several skarn bodies occurs garnetite, mainly concentrated in the cen-
] part of skarn (Fig. 2). The garnetite body south of Ag. Marina has a thickness
€ appr. 40 m, 100-120 m in width and is 450 m long (Fig. 3).
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Fig. 2, Simplified geological map of Serifos. A. Metamorphic basement,

|. Rhodope Massive, 2. Serbomazedonian Zone, 3. Circum-Rhodope Crystalline B. Granodiorite, C.Zone of metasomatism, D.Main Garnetite occurrence.

4. Axios Zone, 5. Pelagonian Massive, 6. Attyc-Cycladic Zone, 7. Parnass
Zone, 8. Pindos-Dlonos Zone, 9. Tripolis Zone, 10, Gavrova Zone, 11. lon in
12. Paxos Zone.

Fig. 1. Distribution of the geotectonic units in the Hellenides and pd?? ANALYTICAL TECHNIQUES
of Serifos Island (arrow).

- N F y bﬁ ¥ iI'I th r VY were | lI'I'iCI Opr‘obe
., B ﬂnﬂ] 14 p Ocedures used ep eSEnt Stud e
‘-Pr](pIUK B|B)\|O 9 HJI‘]}JQ ew)\OYIG - k é

292 293



analysis, X=ray diffraction, microscopical examination and density deten tasomatic parageneses :
I The ¥=rayimicroand Tysis was eawpied out With an electron probe, i
perprobe 733, Narmal operating condittons=involved a 20 KV excitation vo

SrA ‘beam current and 20 sec counting time. Mineral Standards and pure o

Magnetite - Hedenbergite - Epidote - Garnet - Quartz
garnet - Epidote + Hedenbergite (#Actinolite} - Quartz * Magnesite

Garnet - Epidote - Albite - Quartz % Hedenbergite

usedy ZAF gorrectjons were'Carried-out. An DRTEC gnergy dispersive spec Hematite - Barite - Fluorite - Limonite - Syderite - Calcite

Was qged for rapidiqual itative analysis.

E

The observed thicknesses of the individual metasomatic zones range from
The mineral formula calculation, atc&rdiﬁg to microprobe analysis

§ to 20 m.
carried out with a computer orodram written by PERDIKATSIS (1986). .

In the close proximity to the granodiorite (within 20-100 m from its mar-
The X-ray diffraction analysis was used in order to determine the

ce constants, An automatic Siemens powder diffractometer, D 500, was used |

:335} subzones with the paragenesis Garnet (Andradite) - Epidote * Actinolite #

Hedenberaite + Quartz * Albite + Magnetite were locally identified within the in-

copper radiation and secondary graphite monochromator. Quartz was used as i dividual metasomatic zones. Segments of these subzones with thicknesses ranging

nal standard for accurate d-values, The lattice constant, a., was calcul from a few metres to a few tens of metres (Ag. Marina, Tsilipaki etc., Fig. 2 and
least square techniques with computer program of APPLEMAN & EVANS (1973).
The density determination was carried out at sinale grains with a |

density balancz, The accuracy was about *0.1% with grains up to 100 mg.

3) display n irregular morphology of variable dimensions and consist almost ex-
clusively of Garnet (>85%) with subordinate amounts of epidote, hedenbergite,
feldspar and guartz. The size of such segments appears locally, to be quite signi-
ficant. For example at the Tocality Ag. Marina an outcrop of dimensions 450x120x
40 m has garnet content in the order of 25 to 30% with a aarnet grade, in indivi-
dual zones of 1 to & m wide, of more than 85%.

The garnets occur often as idiomorphic crystals up to 10 cm, but mainly
as massive crystalline rock. The colour is mainly reddish-brownish often display-
ing zoning,

MINERALOGY AND MINERAL CHEMISTRY

KTENAS (1916) examined garnets from Halara area in Serifos, which he des-
Cribed as groussulare. MARINOS (1951) described the garnets as grossulare-alman-
Fﬂne and less as andradite and melanite. MPOSKOS (1978) according to density, lat-
‘tice constants and refraction indices characterised the garnets as andradite.
The chemical composition, the mineral formula, the garnet's endmembers,
_ lattice constants, density and Refraction indexes are given in table (1).
Toks cone Leucocratic gneiss Gernene The garnets are typical andradites with minor component grossulare,accor-
ding to microprobe analysis.
The garnet compositions expressed as endmembers are :

rig, J. Garnetite occurrence Ag. Marina. Andradite Ca,Fe,045i,0,, : 96 - 98%
Pyrope Mg,A1,51,0,, 3 0 - 1%
DESCRIPTION OF THE MATERIAL Spessartine  Mn;Al;51.0, : o 0.2- 1.5%
Recent investigation on the metasomatic aureole of Serifas islandd Grossulare Ca3A1.5130,2 : 0.2- 4%
sulted in the delineation of the 1ithological zoning as well as the seque ' Almandine Fe,2+A1,5i1,0,, : =
Wneiaxr BiBAiodA Tunua MewAoyieg: Ad1.O.  ca,Cr, 51,0, : -
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The ‘grosstTare conteft is highlin garnet coexisting with epidote

B1E3#SRAROT. SPAG TAgingTiable, 14

£

I.I

[l'of. WINGHELW

The[Jatt feeconstants JSthe Refraction indexes and densities of Tablg
are in‘good agreement with those of MPOSKOS (1978), and in accordance to dia
(1958 ).

T

Sanple SPAG
B=4
110, 5.1
o, by
Aly0y 1.7
Cry0, -
Po;04(total)28.71
1) 0.24
Bg0 0.06
Ca0 31,28
Total 99.68
2,(h) 11.021
{ ]
Cy
]
] 1.873
Digrjem?) 3.805
12
Si 3,001
Al 0.171
T -
Crye -
Teir 1.816
In 0.017
.01 0.008
Ca 1.992
Andradite  90.38
Pyrope 0.5
Spessartine 0.57
Maaadine -
Grossulare  8.91
Urarovite =
Table (1),

SPAI19 SPASE  SPAI0S SPAXLE B

=4 §=5 =4 =4

35.81 35,97
- 0.03
0.62 0.35  0.83
3.5 3.4 0.1
0.17 z 0.08
0,08  0.07 0.08
33.18 3315 3300
100,42 99.81  99.6

15.85 n.n

0.10
.10
.21
0.01
31,85
99.50 1
12.04% 12,058

11,033 12.049 |

1.87%
3.010

1.87
1.800

1.872
3.800

1.88%
3.835
u 1 12 11

3007 3.021 3.006  2.999
0.06] 0.035 0.063 0.010

1,927 1.933  1.913
0,013 - 0.006
0,010 0.009 0.010
190 1,997 2989

1.988
0.015
0.001
1,989

96,19
0.9
0.40

3,07 3.35

96.44
0.29

96.07  99.10
0.3 0.04
0.19  0.50

141 0.26

PAM:
1=
35.55

0.26
31.10
0.29
0.24
.M
00,18

1.038

1.860
1,785

11

1.997
0.026

1.873
0.021
0.030
1.957

98.38
1.00
0.69

SPA30 SPAMG BPATT

I=6

5.6
0.07
1.90

8,71
0.17
0.06

nn

99.66

12.031

1,871
3.793

L
=4 1=
N
0.07
0.79

15.63
0.06
0.52

.11 3.7
010 0.3
0.08 0,02

31.84 31T

99.41 100.11

11.044 12.038

1.873%
3.811

1,876
m

Humber of Oxygens

n

1.991
0.188
0.004

1.815
0.612
0,008
190

90.93
0.33

0.40

843

17 12
1.9%8
0.07%
0.004

3002
0.052
0.004
1.91%
0.007
0.010
1.980

1.950
0.026
0,003
1.938

96.19
0.34
0.4

.13 0.9

98.11
0.03
0.96

BPAST
N=4

36.70
0.02
.10

.95
0.4
0.02

1.9

$9.96

11.981

1.841
3,750

1

3,002
0.588

1.411
0.017
0.002
1971

10,87
0.08
0.5

i8.50

§PAZ07
14

17,31
0,51
9.34

18.07
0.67
0.08

34.19

100.18

11,952

1.82%
.70

1.9
0.083
0.031

1,091
0.046
0.011
1.9%

.17
0.3
1.9

41.95

Composition, Lattice constants, Refractian indexes, and

of Garnets from Serifos.

Wneoiakr BiBAio

In the triangle diagram Spessartine-Grossulare-Andradite (Fig. 4) accor-
lging to EINAUDI et al. (1981, 1982) almost all garnet analyses are located on the
' dradite side 1n accordance to iron deposits (magnetite-hematite, limonite) on

land and the metasomatic formation of andradite,
The metasomatic formation of garnets, in some samples, is indicated by
suartz inclussions in andradite. This are rests after the garnet farmation. The

is
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Fig. 4. Triangle Diagram Spessartine-Grossulare-Andratite according to
3.01 EINAUDI (1981). Almos all garnet analyses are located on the
0.57 andradite side in accordance to iron deposits on Serifos lsland.
0.030
1-:: d Variation of the grossulare content is to explane by local inhomogenity in the
0.040 . . . . o x
Mu}- Btamorphic rocks. These are albite-sericite-epidote-schists and biotite-gneises.
1.943 The rare earth content in garnet varies : La:25-70 ppm, Ce:28-80 pom,
70,50 coexisting epidotes these values are La:400 ppm, Ce:300 ppm. The higher va-
°-::- BS in epidotes can be explained by the similarity of their structure with that
130 1 o
- B PF allanite, which coexists in some occurrences (e.g, Mykoni, Fig. 2) in signi-
1.9 ficant quantities (PERDIKATSIS & PAPASTAVROU, 1990).
ECONOMIC SIGNIFICANCE, USES ETC
Densit)

g In order to determine the application potential of the garnetite of Se-
Fifos island, a composite sample was tested as industrial mineral at the Tovary

t0jirensce Techniky Taboratories in Chechoslovakia by the BATTELL method (FERA
TunApa Mewloyiag. A.MN.O.
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t"m} The test wa
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'1.
i far

ol shoulﬁ ,gat with the exceptigh of the U.S.5.R. no,
l'.:]' opegnsMate Ts.garn 'IIL!'C . According to 198% data (U.S.A. Dpt. of T

ction (1988) and for more than 60 of the idendified total world reserves

Significant producers are also India, Austria, China and Sri Lanka.

and

market prices for garnet with specialised applications have witnessed an i-i
of 50 to 100 relative to 1984 prices (INDUSTRIAL MINERALS, 2. 1990). For

the

quantity) for filter application and 200-240 % per ton for applications as i
ves,

specific uses (f.e. optics], although in small quantities.

in contrast to the applications of cateqaries (a) and (b) which apuear to in@

58.

Tia

creased production by 5 whereas the projected (1984) DdeUC‘hﬁ%pEﬁEFéiﬁdB?
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arried out !J 18 to' 20 class grain §ize, according to F

ease for Australia of 18.000 tons in 1990 has been already surpassed in 1989

Current forecasts by the U.5.B.M. to the year 2.000 indicate an annual
#"The test confirmed that, this type of garnet[{Andradite) is sui

qmn.d;[qllﬂtl-lﬂfarfrmg”clﬂﬁather etc,

arowth rate for garnet of 6-7 .

The garnetite reserves in the island of Serifos (C1-C2) are estimated
%o be in the region of 1.5 m11 tons, out of which at least 500.000 rons with an
\ayerage narnet grade of more than 65 to 70. can be recovered by open cast mining.

per year of garne

Type of material Number of Rotation log, 2
CORCLUSTONS
Serifos Garnet 125 2.36 In the frame af a mineral exploration program on Serifps 1sland signi-
Wnite Corundum 400 2.60 ficant garnetite occurrences have been located. Obviously the presence of the an-
s A 3 h . E
Rubi 400 %63 dradite garnelite shows a clear genetic connection to the metasomatic processes
276 ; ) ) o
Brown corundum 580 2.76 on the island, caused by the intrusion of a Miocene I-type granaodiaorite.
Finelly crystalline carundum B0 2.83 The highest andradite concentrations and the biggest garnetite dimen-
Semi brittle corundum 1050 RS

sjons are found 1n the central part of the island, The garnetite occurs in the
form of layers of 1rregular shape, 0.2 m to 8 m thick and uo to few hundred me-

Table (2). Results for the Garnetite of Serifos according to . S 158
tres lonn. Garnetite layers with more than 70-80° andradite in composition are

BATTELL method 1n comparison with corundum,
common. The andradite grain size ranges from mm up to 15 ¢m.
The U.S.A. accounts for more than 75. of the total world garnet The main mineral assemblage is garnet (»95. andradite)-epidotex heden-
bergiteractinolitexquartz+albitezmagnetitetaligiste.

The estimated (C1-C2) garnetite reserves at the stage of exploration
are in the range of 1.5 mill, tons, with possibly 400-500.000 tons of exploita-

ble garnetite on open pit conditions and an average of more than 30-35% andradi-

Garnet market prices, for various grades, have increased between |
1984 by 2 to 3. per year [U.5. Bureau of Mines, 1985). From 1985, howeve
‘te (up to 70-8C 1n some cases).
The technolegical tests are in Qrogress.
20-40 mesh concentrates 1s currently sold at 100-500 $ per ton (depend
KEFERCNCES
Better prices can be achieved (1100-12C0 S) for high arade garnets and
ALTHERS, B, KREUZER, H., WENDT, 1., LENZ, H., WANGER, G., KELLER, J.,
HARRE, W., HOHNDORF. A.(1982) ;A late oligocene early miocene fiigh
temperature belt in the attic-cycladic crystalline complex (S.L. Pe-
lananian, Greece). Geol. Jb., E. 23, 97-184. Hannover.
APPLEMAN and EVANS (1973} ; USGS-CD-73-003, REPORT Nr. 20.
1:IJURR‘ 5., ALTHERR, R., KELLER., J., OKRUSCH, M., SEIDEL, E., {1878) ;The
medium Aegean crystalline belt: stratigraphy, structure, metamorphism,
magmatism. In : Alps Apennines Hellenides {H. CLOSS et all.) Stuttgart.

The principal garnet uses are allocated as follows
a. Sandblasting, b. Filters, ¢. Electronics, d. Toals,
g. Treatment of glass and ceramics, f. Others,

Cateaory (e) applications however display a declining trend in

on the production front (apart from the U.S.A.) bath India and AusSt
have currently expanded their production capacities, In fact, India h ot

- TuAua Mewloyiag. A.MN.O.
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