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Abstract; The existence of Polyframboidal pyrite formaiions in blaek sands is di-
scovered for the first time. The phenomenon is observed in the beach of Lonira
Eleftheron near Kavala (Grecce). Each Polyframboid spherule, with 0.40 io0 0.96
mm diamctler, contains many hundreds to some thousands of Framboids with 4.2
to 21.6 u diameter. In the Framboids the pyrite crystals have a size from 0.5 to
20 u with some exccptions. Except these regular spherical forms, therc are also
formations with irregular periphery containing rcerystallized pyrite which howe
ver obviously derives from the crystals of the Framboids. This last form usually
appears more limonitized.

As regards the origin conditions of the above formations the authors accepi!
that the Polyframboid spherules are of recent genesis which takes place in the sea
floor mud not far from their prescnt place and in a reducing environment. The
prescnce of many meiallic minerals in the black sands, contributes by their wea-
thering to the supplying of the sea with the necessary amount of metal ions for
the formation of the Polyframboids. On the contrary, for the irregular forms of
recrysiallized pyrite they aceept that they come from the erosion of sedimentary
layers which contain such formations. A confirmation to this, consisis the existen-
ce of advanced diagenetic phenomena as is the recrystallization of pyrite and the
cracks and fractures because of the solidification of the surrounding rock. This
view iz also supporied by the apperance of lransportation traces from large
distance as are the irregular form and the advanced limonitization.

INTRODUCTION

The term «Framboidal Pyrite» was first given by RUST (1935) during
the study of the copper deposit of Cornwall Mine, Missuri, in order to
characterize concentrations of microscopic pyrite crystals of special
texture. In this texture, minute pyrite crystals are massed together to
rounded aggregates, so that finally they give forms like the rasberries.
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Formations of this type were also previously known, because they show
a great development, in some known pyrite or B.P.G. sulphide deposits
as for example in Rammelsberg, W. Germany (RAMDOHRR 1975 p. 156).
According to VALLENTYNE (1963a), these formations were already
known to the investigators of turf peat and narime mud, from the end
of the previous century. They are described mineralogically for the
first time by DOSS (1912) who considered them as conversions of
unstable iron sulphides (melnikovite or hydrotroilite ). THIESSEN (1920)
has found them in coal deposits. These formations caused a great in-
terest after SCHNEIDERHOHN (1923) had interpreted similar forms
of chalcopyrite, as fossils of micro-organisms (fossil bacteria). Accor-
ding to the above author, the reducing activity of these micro-orga-
nisms caused the genesis of many sedimentary copper or B.P.G. sulphide
deposits. SCHNEIDERHOHNS viewpoint was later disputed by SCHO-
UTEN (1946a, 1946b) and so a scientific argument began among the
followers of both views which lasted many years. As regards the term
«Framboidal Pyriten, LOVE and AMSTUTZ (1965) notice that it can
not cover the great variety of the types and formations in which the
aggregates of minute pyrite crystals appear arranged around a common
centre. So, they propose the term «cluster» (bunch of grapes) and
consider the term «Framboidal» as a particular case of it. The term
«Polyframboidal Pyriten or Polyframboids» was given by LOVE (1971
p- 1038) in order to characterize the spherical compounds which con-
gist of many single Framboidal pyrites or Framboids.

During the last years the «Framboidal» formations are generally
gtudied carefully because of their great significance concerning the o-
rigin of the sedimentary ore deposits and the presence of pyrite in a
great variety of rocks and in ore deposits. Their discovery in Greek
places, and especially in black sands, by the first of the authors cau-
ses the writing of the present work, which must not be considered-
terminated. Because of the great significance of the «Framboidal Pyri-
ten formations, the collection of more material and its further study
has been planned.

According to the accessible for us bibliography, formations of the
«Framboidal Pyrite» type are observed in black sands for the first
time. Such formations are also stated in Greece for the first time.

MICROSCOPIC DESCRIPTIONS

During the investigation of black sand samples from diverse bea-
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ches of Makedonia and Thrace for the study of their heavy minerals,
the existence of formations of the «Framboidal Pyrite» type has been
observed in some samples from the area of Loutra Eleftheron near
Kavala (PAPADAKIS 1975). These simple spherical aggregates of py-
rite crystals are grouped to form greater spheroidal compounts of the
Polyframboidal Pyrite type (Fig. 1). The existence of these greater
gpheroidal compounds has given the possibility of the collection of much
material for microscopic study. Thus, from the black sand samples
the spheroidal formations were separated and polished sections of them
were made for study under the ore microscope. It must be noted that
these spheroidal formations of smaller than 1 mm diameter, macro-
scopically observed resemble the fish eggs while their mixture the
roe. Under the stereoscope they show a characteristic luster on their
external surface.

Fig. 1. A Polyframboidal pyrite spherule in a black sand sample. Polished
section, 75 X.

Under the microscope their sections show about a uniform ima-
ge. Every Polyframboidal Pyrite compound consists of many hun-
dreds to some thousands of Framboidal Pyrite spherules as results after
calculations. The characteristic spericity of the Polyframboids is re-
markable. In almost all the studied sections their perimeter is slightly
different from the ideal circular shape (Fig, 1. 2). But in the simple
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Fig. 2. A Polyframboidal pyrite gspherule with nearly ideal cireular shape. Polished
section, 145 X.

Framboids, which constitute the Polyframboids, considerable diver-
gences from the spherical shape appear (Fig. 3,4).

The diameter of the Framboids varies between 4.2 and 21.6 p
while that of the Polyframboid compounds between 400 and 960 (0.4-
0.96 mm). For comparison we mention that LOVE and AMSTUTZ
(1969) observred diameters of Framboids from 5 to 25 p in a Permian
andesite in Plotz of Germany and LOVE (1974) diameters of Poly-
framboids from 35 to 900 p in sedimentary rocks (Silurian greywa-
ckes) of north Wales,

In order to measure the dimensions of the individual pyrite cry-
stals, which constitute the Framboid spherules we used photographical
magnifications of them. So, we avoided measurement errors using a
micrometer scale under the microscope, because of the very small di-
mensions of the pyrite crystals. The results of the measurements on
the two black sand samples with number 11 and 12 from Loutra E-
leftheron, Kavala are given in table I. There were measured 260 and
498 crystals respectively.

On the base of the data of table 1 the two histogrammes of Fig.
5 have been made.
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Fig. 3. Framboids with cery different shapes (pyrite erystals are white) Polished
section. Oil immersion, 1500 X.

Fig. 4. Framboids of pyrite erystals {white] with very different shapes. Polished
section. Oil tmmersion, 1500 X,
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Fig. 6. Size distribution of pyrite erystals in Framboids of black sand samples from
Loutra Eleftheron, Kavala (a number 11, b number 12).
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From the comparison of these diagrams with those given by LO-
VE and AMSTUTZ (1969) for the pyrite crystals of the Framboids
of Plotz andesite, results that we generally found a smaller size which
reaches the half of the latters. But this probably is due to the advance
recrystallization of pyrite in the Plotz Framboids.

TABLE {

Size distibution of pyrite crystals in Framboids

Black sand sample 11 Black sand sample 12
Diameter in p. Number of measurements Diameter in . Number of measurements
1 30 0.5 23
1 98 1 166
1.5 44 1.5 164
2 21 2 125
3 1 3 23
4 1
5 4
6 1
7 3
8 1
9 3
10 1
11 3
12 —
13 1
14 1
15 1
16 —
17 1
18 1
260 498

Except the above described speroidal Polyframboids, sometimes
very different forms appear. They have an elliptical or irregular shape
(Fig. 6, 7) and consist of distinctly recrystallized pyrite crystals (Fig.
8) which originate from initial Framboids or Polyframboids. Because
of the recrystallization the size of the pyrite crystals is greater than
the regular rising up to 50 p. These more rare irregular bodiess show,
except the recrystallization, and other phenomena of advanced dia-
genesis as for example cracks begause of the solidification of the se-
diment. They also show traces of transportation from greater distances
as it is the irregular shape and the more intense limonitization of them.
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Fig. 6. A Polyframboid of pyrite with very irregular shape. Polisked seetion, 75 X.

Fig. 7. A'Polyframbaid of pyrite with very irregular shape and with reerystallized
pyrite crystals (white). Polisked section, 145 X.
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Fig. 8. The same asz in Fig. 7 under high magnification. Oil immersion, 750 X.

ORIGIN CONDITIONS

Az it was already mentioned in the introduction, the first estimat
ion of SCHNEIDERHOEHN )(1923) that the formations of the «Fram-
boidal Pyriten type present remains of micro-organisms (sulphur ba-
boidal Pyrite» type present remains of micro-organisms (sulphur ba-
cteria) which caused the ore mineralization found SCHOUTEN (1946a,
1946b) opposite. LOVE (1957) found organic matter accompaning the
Framboids and later on (LOVE 1957, 1962) he identified some forms
of Framboidal Pyrite which appeared in bitoumenous shales as micro-
fossils (Pyritosphaera 20-35 w diameter and Pyritella 20-55 . diame-
ter). After the newer systematic investigations of LOVE (1964) and
VALLENTYNE (1963a, 1963b) it was found that there is no eviden-
ce that the Framboidal formations represent fossils of micro-organisms
or have a direct biogenic origin. KAPLAN EMERY and RITTEN-
BERG (1963) and BERNER) (1964a, 1964b, 1964c) consider sure
that the source of the contained in recent sediments pyrite (where
the Framboidal forms are abundant) is in the reaction between sulphi-
des yielded from bacterial reduction of sulphades and iron originally
brought in as detridal iron bhearing minerals. So, an indirect biogenic
origin is accept. But this conversion is not simple. It goes first through
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an initial iron sulphide form, which is amoerphe in X-ray diffraction,
or constitutes a colloidal state (probably this form is similar whith
kansite). According to BERNER {1964a, 1964¢) the conversion of this
mineral form into pyrite is completed by the bacterially produced ele-
mental sulphur. LOVE’s observations, as it i3 mentiomed by LOVE
and AMSTUTZ (1965 p 302), indicate the existence of primary black
sulphide spherules which can be infered by observing smears on the
sediments. Later on, these smears change to brown and in these brown
smears some red spherules are observed in a matrix which probably
is limonite with another less perfectly defined material. All these for-
mations are accompanied by pyrite spherules and single pyrite cry
stals.

From the above results that the problem of the origin of the Fram-
boidal and Polyframboidal pyrite formations is not completely eluci
dated yet.

As regards the spherical ordering of the pyrite crystals in the Fram-
boids DOSS (1912) and RUST (1935) have attributed it to the initial
colloidal state of the material. This view is also accepted by LOVE
and AMSTUTZ (1965). PAPONEN (1966) accepts thal this texture
is due to the reaction between the iron hydroxide which is contained
in the drops of colloidal humus, and the hydrogen sulphide of water.
AMSTUTZ, ZIMMERMANN and LOVE (1974) also accept a colloi-
dal origin for the Framboids of the stratiform copper deposit at Cor-
nwall Missuri.

Especially, as regards the origin conditions of the Framboids and
Polyframboids of the Greek black sands, we can state the followings.
The Polyframboid spherules always appears single, without any inter-
growth or assemblage with other petrological or metallic material. On
the other hand, they don’t show any traces of diagenetic influence
as for example compression due to the solidification of the rock, as
LOVE (1974) statés for similar formations in consolidated sediments.
This excludes the case that the Polyframboids constitute residues of
a sulphide deposit or generally a sedimentary layer rich in Polyfram-
boids from which they arrived in the black sands by erosion and tran-
sportation, as it happens with the other componets of the black sands
(PAPADAKIS 1975). The Polyframboid spherules also show a com-
plete lack of transportation traces such as fractures and detachment
of pieces from them e.t.c. This shows that either they were formed in
their present place i.e., in the hlack sands, something which is impos-
sible, or they have been transported from a small distance. On the
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other hand, the low degree of limonitization of the pyrite in the Poly-
framboids shows a relatively short stay in their present place, which
place, as we know, is an oxidizing environment.

From the above observations results that for the single Polyfram-
mboid spherules we must accept a recent formation. We consider that
this formation is completed in the mud of the sea floor in a relatively
small depth under a reducing enviroment, according to the LOVE
and ASTUTZ (1965) model. The weathering of the metallic minerals
of the black sands on the sea floor contributes to the supplying of the
environment with the proper amount of metallic ions, mainly iron ions,
for the formation of the pyrite. Newer disturbances of the sea floor
due to the intense waving, whose the action arrives up to the area
of formation of the Framboids, causes their removal and redeposition
on the beach by the waves, according to the known way of the black
sands formation (rejection of all the mineralogical componets of the sea
floor on the beach by the wave action and return of only the light
componets back to the sea)..

A pgreater difficulty appears in the interpretation of the irregu-
lar (not spherical) Polyframboidal pyrite compounds with clear re-
crystallization phenomena of the pyrite as well as greater limonitiza-
tion of it. The shape of the grains denote a trasportation from a greater
distance while the recrystallization phenomena an advanced diagene-
tic stage. Consequently, it is not about contemporary and adjacent
formations. They probably derived from the erosion of sedimentary
rocks which contain such formations as it is known for example for
the Belgian Ardennes (LOVE and VANGUESTAINE 1976). In this
case, their coexistence with the usual spheroidal Polyframboids is only
symptomatic.
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IIEPIAHYH

IXHMATIEMOI ZIAHPOIIYPITOY TIIO MOPOHN
POLYFRAMBOIDAL PYRITE EIZ EAAHNIKAZ AKTAX

“Trd
A. TTATTIAAAKH xaxi K. MIXAHATAH

(" Egyaorigioy *Opvxroloyias xal Ierpoypaplag roi IHavemornulov Geofvixng)

Mg mpdtnv popiyv dvaxadimretar 7 Onaphi oynpeniopdv Polyfram-
boidal Pyrite dvtdg pabpwv &upwv. Td gawbuevov mapamipettar ele tag
gxtas tév Aoutpdv "Edsulepdv Kafdras ("ENdc). Ta oputpldia tav Poly-
framboids, Swxpuérpouv 0,4-0,96 yihoord, mepbygouv Exactov dpretdg Exo-
Tovtadog Ewg pepias ythwadas Framboids Swxpérpov 4,2-21,6 pixpdv. 'Ev-
to¢ tév Framboids ol xpietaddor Tl adnpomvpltou Exouv Swxetdoeicdnd
0,5 Ewg 2 puxpd, pé Tveg ELarpéoeis. "Extdc adtiv 14V xavovixdv opurpixdy
poppdv Omdpyouv xal oynuatiopel dxavovlgtov meptpétpon pt mepieybpevov
dvaxpuotairwléivra olnponuplomy & dmolog Spwe cagpac mpodpyeton Extdv
xpuataiwy tév Framboids. ‘H tedeurala poppy) Eppaviletar suvnbag mepte-
GOTEPOY  ASLLeOVITLOOUEYT,

A vig cuvBinas yevisewg Thv Gg dve oympatiopdy ol ouyypapeis Ta-
padéyovtanr STt td opapidia tiv Polyframboids elvar mpospdrou yevégews
1) omola ouvrehettan Evtds Thg tAbog Tob mulpbvos THe Daddaong Bye paxpav
Th¢ onpepwviic Twv Bcewy xal els dvarywyndyv wepiBdidov. ‘H mapoveix mwor-
AGV peTadAx@v dpuxTdv Thv padpov Eupwv cuvterel S ¢ drocalpdesng
Twv elg Ty Tpopodbétnow THe Dardaong e g dvayxelas mogbryroes lbv-
TV weTdAwy Tpdg oynuatiopdy tév Polyframboids. "Avtifétwg 8id tdg
dxavovioToug poppag dvaxpuotadhwlévrog adnpomupitov Sy ovran 8t mpobp-
yovrat &x Swfpwléviav Wnpartoyeviv otpopdtev mepeybvtwv Totobrous
oynpatiouode. "EmBePainaw adrtol dmoreAel 10 yeyovdg TH¢ mapouslag pat-
vopévwy mpoywpenubvg Seyevéoewg, Gg 1) dvaxpuetddiwely Tol cuWnpory-
plrou xal peypdv xal Opuppatioriv Abyw otepeoroocws Tob neptBdihovros
metpdpatos. “H Eupdwiaig lyvév petapoplis &x peyding drootacews hg elvat
6 dxovéviorov ayfipa xal N mpoywenuévy Astpwvitluotg dvioyder abhy Ty
&mofuy.
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