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Abstract Physico-chemical studies of graphite from Krzemianka have revealed that it owes
its origin to a specific clectrochemical process involving the oxidation of pyrrhotite and the reduction
of CO, to graphite. This is evidenced by an S admixture in siderite and graphite, and a high (0.30%) Fe
admixture in graphite. Also a 0.40 wt. °, content of Cu in siderite shows that it formed as a result of
the replacement of the primary, magmatic sulphide assemblage consisting. among other minerals. of
pyrrhotite and chalcopyrite group.

INTRODUCTION

The anorthosites and norites (Juskowiak, 1973) occurring in north-eastern
Poland were found to contain rich ore mineralization which was described in se-
veral papers (Siemiatkowski, 1970 ; Kucha, Piestrzynski 1976; Kucha et al. 1977,
1979). The oxide assemblage is represented by magnetite, titanomagnetite, ilmenite,
ulvospinel, spinel-hercynite series, and hematite. Corundum, anatase, siderite
and graphite appear as subordinate minerals (Kucha, Piestrzynski, 1976). The
sulphide assemblage consists of pyrrhotite, smithite, thiospinel, pentlandite, cobalt
pentlandite, pyrite, cobalt pyrite, marcasite, chalcopyrite, cubanite, mackina-
vite and the talnakhite group.

The presence of graphite is associated with the later processes operating within
the magmatic massif. The mineral assemblage accompanying graphite contains
hexagonal pyrrhotite, presumably thiospinel, magnetite and siderite. Siderite was
described by Siemiatkowski (1976) as calcite.

In the authors’ opinion, two graphite parageneses can be distinguished in the
deposit. One consists of graphite coexisting with siderite in basic plagioclases,
mainly in labrador. The other paragenesis is represented by pyrrhotite which is
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replaced by siderite with the deposition of reaction products, secondary magnetite,
cobalt pentlandite and graphite. These two parageneses would correspond to the
four distinguished previously by Siemiatkowski (1976).

EXPERIMENTAL

Electron microprobe investigations were carried out on a Cameca MS-46
microanalyser. using the following standards and spectral lines: S K (EeS )i @a
K,(CaF,), VK, 'MnK,, Fe K (FeS,)), CaK,. NiK, and Cu K. The instrument
was operated at an accelerating voltage of 20 kV, a probe current of 150 pA and
a sample current of 10 nA, using ThO, standard. Counting time was 100 sec.

Electron micrographs were recorded with a JEM 100B transmission micro-
scope operated at 100 kV. Samples for diffraction were picked under the optical
microscope from 10 x 10 pm areas. Electron diffraction patterns were obtained not
only for graphite but for siderite and labrador as well.

RESULTS

The main forms of graphite occurrence in the basic magnetite rocks of Suwatki
were reported by Siemigtkowski (1976), who distinguished four.graphite para-
geneses. In accordance with the hypothesis of genesis of this graphite advanced by
the present authors, it is suggested to reduce the number of parageneses to two:

a. Graphite or graphite with siderite occurring as fine-grained aggregates
(Phot. 2) and veinlets in labrador. The length of graphite veinlets varies from a
dozen or so to several dozen pm. and their thickness is generally not more than
a few pm. Sometimes cracks up to 5 pm in thickness are encountered, partly filled
with pyrrhotite, or pyrrhotite and chalcopyrite, and graphite. The graphite aggre-
gates displaying compact, feathery or rosette textures and intergrown by siderite

(Phot. 2) vary from 10 to 150 pum in
size, averaging 30—50 pm. When ca-
taclastic processes began to operate, the
cracks in labrador were capillary in
nature, which caused the imbibition of

T.abile
Electron diffraction pattern of graphite from
Krzemianka (NE Poland)

AR the products and substrates of chemical

Cnbic b om Kottt kit ;?dct;(i)émesr;:'d their filling with graphite
el 497 b. The other paragenesis (Phot. 1)

4 Wkl d consist§ of he)gag.ona! pyrrhotite (Tab. 2,
A6) with smithite inclusions (Tab. 2,

214 100 i Al, A2). Both these minerals are re-
205 107 2‘03 placeq 'by siderite (Tab. 2, A}) wlth the
1.56 103 ]'54 deposmpn of secondgry, st91chxometr1c
1.24 110 123 magnetite (Kucha, Piestrzynski, 1976),
115 11 ]‘]5 cobalt. pentlandite (Tab. 2, AS,. A7) and
1.03 200 1,05 graph;te (Tab. 2, A4). Tbe existence of
0.81 210 0'80 graphite (Tab. 1) and siderite in this
; paragenesis was confirmed by clectron

diffraction studies (Phot. 4).

Magnetite and siderite form
as the product of oxidation of
pyrrhotite (Phot. 1). Microscopic
studies at high magnifications
revealed the presence of small

inclusions of pyrrhotite in mag-.

netite, pyrrhotite and magnetite
in siderite, and siderite in magne-
tite. The inclusions are not more
than 4 pum in size. It seems,
therefore, that magnetite arose
in the first stage of oxidation of
pyrrhotite while siderite and gra-
phite formed in the second stage
of this process. In some cases,
a change in the Fe:S ratio was
recorded by electron microprobe
at the hexagonal pyrrhotite —
magnetite interface. It is feasible
that this is due to the formation
of a transitional phase, thio-
spinel Fe,S,, in the course of
oxidation.

The evidence substantiating
the advocated hypothesis of
graphite origin is provided by
the sequence and spatial distribu-
tion of the minerals belonging
to this paragenesis. Pyrrhotite
is coated with a magnetite rim
10 —20 pm in thickness (Phot. 1).
A 15—30 pm thick reaction rim
of siderite accretes in turn on
Fe,O, (Phot. 1). Small (up to a
few pm) magnetite relics are
commonly embedded in siderite,
which testifies to the replace-
mentoffiFe; O by e €O, “The
outer (younger) part of the
siderite rim contains fine gra-
phite platelets. A layer of reac-
tion graphite of a thickness 20 —
—40 pm forms in turn on si-
derite. (The thickness of reaction
rims can be greater than given
if the sample surface intersects
the boundary of the accreting
minerals at an angle other than
90°).

Tabela 2

Chemical composition of minerals building up paragenesis the pyrrhotite, magnetite, syderite and graphite
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DISCUSSION

The coexistence of pyrrhotite (pentlandite, uncommonly chalcopyrite), magne-
tite, siderite and graphite in the Krzemianka deposit indicates that both oxidation
and reduction processes were involved in their genesis. The oxidation of pyrrhotite
(possibly through thiospinel) gives rise to magnetite, which in turn is replaced by
siderite. From the point of view of the electrochemical theory (Marx, 1971), pyrrho-
tite could be regarded as an electronegative mineral acting as catode on which speci-
fic, surficial adsorption of CO, ions takes place under the natural conditions. The
actual electrochemical process would involve reduction and the formation of
siderite with a Cu admixture. A graphite monolayer would form on siderite, con-
stituting a catalyzing substrate for the successive reduction —CO,—»CO-~C.
The growth of graphite on the surface of siderite crystals proves the rightness of
the thesis concerning the formation of a graphite monolayer (Phot. 3). The presence
of Cu and S admixtures (Tab. 2), as well as high (0.30 wt. %) iron content (Tab. 2)
and traces of sulphur in siderite, further substantiates the hypothesis of graphite
genesis advanced by the present authors.

When considering the genesis of graphite, the formation of graphite through
decomposition of siderite with the deposition of magnetite at 400 —600°C, which
process was documented by laboratory experiments (French, Rosenberg, 1965),
was also taken into account. However, the spatial distribution and percentages
of the paragenesis constituents, i.e. of pyrrhotite, magnetite, siderite and graphite,
testify explicitly to the electrochemical process as understood by Marx (1971).
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RPN e S S

Henryk KUCHA, Barbara KWIECINSKA, Adam PIESTRZYNSKI,
Andrzej WIECZOREK

O GENEZIE GRAFITU Z MAGNETYTOWYCH SKAL
KRZEMIANKI, POLNOCNO-WSCHODNIA POLSKA

Streszczenie

Przeprowadzono badania grafitu wystepujacego w ztozu magnetytowym Krze-
mianki, na terenie poétnocno-wschodniej Polski. Analizy chemiczne w mikro-
obszarze wykonano na mikroanalizatorze Cameca MS-46, badania dyfrakcyjne
przy zastosowaniu mikroskopu elektronowego transmisyjnego JEM 100B.

Wyrézniono dwie paragenezy grafitu. Pierwsza to grafit wspotwystepujacy
z syderytem w zasadowych plagioklazach. Grafit ten narasta w postaci mono-
warstwy na powierzchni krysztatlow syderytu. Druga parageneze stanowi pirotyn
zastgpowany przez syderyt z wydzieleniem produktow reakcyjnych: magnetytu,
pentlandytu kobaltowego i grafitu. Obserwacje mikroskopowe wskazuja, ze grafit
ten powstal w wyniku procesu elektro-chemicznego zwiazanego z: utlenieniem
pirotynu, utworzeniem syderytu (poprzez specyficzna, powierzchniowa adsorpcje
jonow CO,) i kolejna redukcje CO,—»CO—C.

Obecnos¢ domieszek Cu i S w syderycie oraz wysoka zawarto$¢ Fe i slady S w
graficie popieraja wysunieta teze genezy grafitu z Krzemianki.

OBJASNIENIA FOTOGRAFII

Fot. 1. Typowa parageneza grafitu zlozona z pirotynu i smithytu (bialy) zastapionego przez magnetyt
(jasnoszary). Te trzy mineraty sa z kolei zastepowane przez syderyt (ciemnoszary). Grafit za-
znaczony jest linia kropkowana, smithyt linia kreskowana. A2—A6 punkty analizy w mikro-
obszarze (tab. 2)

Fot. 2. Grafit (jasnoszary) i syderyt (szary) otoczony przez labrador (szary)

Fot. 3. Obwodka grafitu (jasnoszary) na powierzchni krysztatu syderytu (szary) otoczona przez labra-
dor (ciemnoszary)

Fot. 4. Elektronogram grafitu z Krzemianki, pétnocno-wschodnia Polska

Xenpbik KYXA, Bap6apa KBELIMHCKA, Adam MECTLLUbIHbCKM, Andowceii BEYHOPEK

O FEHE3UNCE TPA®PUTA
N3 MAFTHETUTOBbLIX MOPOA KWEMAHKHA
(CEBEPO-BOCTOYHAA NMOJIbLWA)

Pesrome

BbInn NpoBeaeHbl MCCNeAOBAHMSA rpadUTa, BbICTyNAOLWEro B MeCTOPOXAEHU U
MmarHeTuTa KLIEMSHKM HQ TEpPUTOPUMU CeBEPO-BOCTOHHOM Monbwu. PeHTreHos-
CKMe MUKPO AHANMM3bl BbINKU BbIMOMHEHbI MUKPOAHANW3ATOPOM Kameua MC-46,
ANPAKLMOHHBIE WCCNEeAOBAHNA — C UCMONB3OBAHUEM 3NeKTPOHHOro MUKpOC-
kona |IEM 100B.
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Bbinu BblAeNeH bl 4BA NapareHesuca rpaguTa. Mepebiit — 370 rpaguT, BbICTY-
NAtOWMNA COBMECTHO C CHAEPUTOM B OCHOBHBIX MNArMoKNAsax. 3TOT rpagur
BbICTYNaeT B GpOPMe MOHOCNOS HA NOBEPXHOCTU KpUCTANNOB cUAGPUTA. Opyroi
napareHesuc NpencrasneH NMPOTUHOM, 3aMeleHHbIM CUACPUTOM C BblAeNeHuem
NPOAYKTOB PeakuMu: MArHeTuTa, kobanbToBOro MEHTNAHANUTA U rpagpura. Ha-
BnroAeHNA NOA MUKPOCKONOM NOKA3bIBAKOT, YTO 3TOT rpAdUT BOHUK B pesynbTaTe
3NeKTPOXMMUYECKOro Mpoueccd, CBA3AHHOrO C: OKUC/eHWeM NUpoTuTa, obpa-
30BAHWEM cuaepuTa (MOCPEACTBOM cheundpuyeckon, noBepXHOCTHOW aacopbunu
nonos CO,) u nocneaoBaTenbHOro BOCCTAHOBNEHUA CO,—»CO~C.

Hanuune npumecent Cu u S B cuaepute u Gonbuioe coaepxarne Fe n cneabi
S B rpaduTe NOAAEPXKMBAIOT BbIABMHYTYIO FMNOTE3y reHesuca rpagura us Kuwe-
MAHKK.

OBbACHEHUE ®OTOTPAGUN

®oT. 1. TUNKYHBIA NAPAreHesnc, COCTOALWMNA U3 NUPOTMTA U cMUTUTA (6eN0oro), 3aMeLLeHHOro MarHe-
TUTOM (cBETNOCEPBLIM). DTH TPU MUHEPANA B CBOKO OYepeAb 3aMeLUaoTCA CUACPUTOM (TEMHO-
cepbiity. [paduT, 0603HAYeHHbIH NYHKTUPHOW NUHUEN, CMUTUT — WTPUXOBOW NUHNeH. A2 —Ab
NyHKTbI aHanuia mukponons (tab. 2)

®ot. 2. [papuT (ceeTnocepbiin) u cuaepuT (cepsii) B OKpyxeHUu nabpaaopa (cepbii)

®or. 3. Oboaok rpaduTa (cBeTNOCEepbIN) HA NOBEPXHOCTHU KPUCTANNA CUAEPUTA (Cepbiit), OKPYKeH-
HbIW nabpapopom (TéMHOCepbIN)

®oT. 4. DnekTpoHorpamma rpapura us KwemaHku, cesepo-soctodHas Monbwa

MINER. POL. Vol. 10, No 2 — 1979 PLATE |

Phot. 1. A typica} grgphite paragenesis builded up with hexagonal pyrrhotite and smithite (white) re-
plach by magnetite (hght grey). These three minerals then are replaced by siderite (dark grey). Graphite
is marked by spot-line, smithite by dotted line. A2— A6 points of microprobe analyses (Tab. 2)

Phot. 2. Graphite (light grey) — siderite (grey) surrounded by labrador (grey)
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On the genesis of graphite from magnetite rocks of Krzemianka
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MINER. POL. Vol. 10, No 2 — 1979

Phot. 3. A graphite rim (light grey) on the surface of siderite crystal (grey) surrounded by labrador (dark
grey)

Phot. 4. Electron diffraction pattern of graphite from Krzemianki, NE Poland (uvw = 001)

Henryk KUCgA. Barbara KWIECH}:SKA, Adam PIESTRZYNSKI, Andrzej WIECZOREK —
n the genesis of graphite from magnetite rocks of Krzemianka

88




