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SIGNIFICANCE OF METALLOPORPHYRINS FOR THE METAL
ACCUMULATION IN THE COPPER-BEARING SHALES FROM
THE ZECHSTEIN COPPER DEPOSITS (POLAND)

Abstract. The vanadyl and nickel porphyrins were found in the resin fraction of bitumen
extracted from high organic copper-bearing shale of the Zechstein copper deposits (Poland). Apart
from the more common types of porphyrins (Etio and DPEP) the presence of rhodoporhyrins is
also suggested. No significant relation between the content or type of metalloporphyrins in resins
and chemical composition of mineral and organic matter of shale was found. It is suggested that
the major part of vanadium could be present in shale as vanadyl porphyrins. There are no metallo-
porphyrins in resins from oxidized copper-bearing shale. The significance of metalloporphyrins in
processes of copper and other metals accumulation in copper-bearing shale is considered.

INTRODUCTION

The relation between metals and organic matter in the copper deposits of the
Fore-Sudetic monocline has been suggested for a long time. It is based on positive
correlation between organic carbon and some heavy metals occurring in these
deposits, e.g. Cu, Ag, V, Mo, Mn and Ni (Haranczyk 1972, Tokarska 1971, Wojcie-
chowska, Wojciechowski 1979, Kucha, Sawlowicz 1980 and others). However,
there are still very scarce information on the form and the character of coexistence
of metals and organic matter.

Tokarska (1971) noticed the vanadyl porphyrins in some resins from the Fore-
-Sudetic copper-bearing shales. This fact stimulated the present author to investigate
in this aspects several samples of high organic copper-bearing shales char.acterlzed
also by mineralogical-geochemical studies. Resins from the copper bearing shale
bitumen were studied in this work. Shale samples were collected from all parts
of mines of the Lubin—Sieroszowice area. The majority of shale samples include
high-organic shales with highest copper content, other few samples are dolomitic
shales. Some shale samples are hardly mineralized and their organic matter show
some weathering features.
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METHODS

After crushing and milling the shale samples were subjected to extraction by chlo-
roform for 24 hours in a Soxhlet apparatus. The resulting extracts were divided
into four basic groups of bitumen on a silica-alumina chromatographic column.
Resins were eluted by benzen-metanol mixture (1:1). Resins spectra in the near-
_violet and visible range were recorded on UV-VIS spectrophotometer M 40 (C. Zeiss
Jena). The spectra were taken shortly (1—2 hours) after the solution of resins in chlo-
roform. A short contact of porphyrins with chloroform is not dangerous (Howe
1961). In addition, a few spectra of the same solutions were recorded after six days.

RESULTS

Most of the spectra of the studied resins show absorption bands typical of
metalloporphyrins: about 400 nm (Soret band) and in 500—600 nm region (Fig. 1).
Spectra of all samples showing rich ore mineralization display absorption bands
related to the vanadyl porphyrins (VO-porphyrins): 407 nm (Soret) and 572 nm (o).
In the spectra with more intensive 572
nm band the weak absorption band at
532 nm (B)is also observed. The majority
of samples show the absorption~bands
related to the nickel porphyrins (Ni
porphyrins): 391 nm (Soret) and about
550 nm (a) (the later is the most inten-
sive absorption band for these porphy-
rins in the visible region).

In the spectra of resins showing hig-
her metalloporphyrins content the mi-
nor absorption band at about 595 nm
is also present. It is thought to be related e
to rhodo type porphyrins (Baker 1969,
Millson et al. 1966). No absorption \
bands of metalloporphyrins in resins
extracted from the clay-organic shales SR-A2

NA \\
without mineralization were observed.

The intensities of the absorption b

bands of Ni- and VO-porphyrins highly \

vary among spectra. No significant cor-

relation between the type or content
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of metalloporphyrins and the chemical N4 \
composition of organic matter and mi- \
neralogical-geochemical ~ composition

of shales was found. \

In comparison with the spectra of
chloroform solutions prepared shortly
b.efore recording, those recorded after y IAL PR AT
six days do not show any absorption Fig. 1. Electronic spectra of the nickel and vanadyl

o dataic &+ Ni-pOI‘phyrins. porphyrin mixtures;irt;\pgtﬁ:é‘ent portion of each
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DISCUSSION

Porphyrins are widely distributed in sediments and sedimentary rocks, especially
those which were not extensively oxidized. In most cases porphyrins are the members
of both etio and DPEP series where the later predominates (Hodgson, Whiteley
1980). In some cases the third type — rhodo, is also present. Porphyrins exist in
rocks mainly as metalloporhyrins which are relatively stable. The complexing metals
are mainly V (vanadyl) and Ni, very rare Fe and Cu.

The domination of etio type over DPEP type porphyrins in studied samples is
possible. The ratio of DPEP to etio components decrease with increasing time of
burial of a sediment (Mackenzie et al. 1981).

The presence of rhodoporphyrins in the samples studied is probably due to their
secondary origin as a result of Eh-pH oscillations related to diagenetic and minera-
lizing processes. It is possible that rhodo type porphyrins originate from more com-
mon porphyrins during oxidizing phases in their history (Millson et al. 1966).

The lack of metalloporphyrins in the resins from the shales without minerali-
sation can be the result of oxidizing processes, both primary and/or secondary.
On the one hand porphyrins originate and are stable only in anaerobic environments
(Lewan, Maynard 1982). On the other hand, degradation of porphyrin complexes
can be due to processes of oxidizing of bitumen, for example, during a contact
with oxygenated groung waters (Hodgson et al. 1967, Dean, Whitehead 1963).
Oxidizing processes must persist long time and/or to be intensive because degra-
dation of porphyrins is slow (Costantinides, Arich 1962). It is possible that the
des troying of chlorins (which are precursors of porphyrins) by microflora (Swain
et al. 1964, vide Hodgson 1973) connected with oxidation processes during the early
stages of diagenesis resulted in the lack of metalloporphyrins in some shales.

The domination of vanadyl ovar nickel porphyrins in the samples studied is
understandable in regards of their stronger tendency to concentrate in marine strata
and their higher stability in more severe temperature and acidic conditions (Hodgson
et al. 1967, 1968).

The lack of correlation between rock characteristics (chemical and petrographical
composition of shale, elementary composition of organic matter) and porphyrin
types and their content confirm earlier observations (Hodgson et al. 1967, 1968,
Lewan, Maynard 1982, Spiro et al. 1983). The relation between the VO- and Ni-
-porphyrins and the sulphur content in bitumens suggested earlier by Radczenko
and Sesina (1955) was not confirmed in this study. :

Apart from the bitumen (up to one wt. percent), the dominating form of organic
matter in the high organic copper-bearing shale from the Fore-Sudetic monpchqe
is kerogen. Its content is up to 20 wt. percents of the whole rock .(Sawl.ow1cz, in
press). Thus, the evidenced presence of metalloporphyrins in studied bitumen is
important, especially when one considers a possible presence of metalloporphyrins
in kerogen, built in its cross-linked, polymeric structure (Blumer, Snyder 1967).
In their recent study, Spiro and coworkers (1983) found the relaFlon between N]
and V complexation of tetrapyrroles pigments in bitumen and in kerogen. Jf it
were confirmed it would be of great importance in consideration upon geochemistry
of nickel and vanadium, or even other metals, in copper-bearing shale. It vyould be
interesting especially in the case of vanadium, the own minerals of which have
not been found yet in the Fore-Sudetic copper-bearing shale. The V and Ni con-
tents in the copper-bearing shale from the Fore-Sudetic monocline are 900—1000
ppm (Wojciechowska, Serkies 1969, Kucha, Sawlowicz 1980) and about 300 ppm
(Kucha, Sawlowicz 1980), respectively.
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According to Lewan and Maynard (1982), V and Ni concentrations as tetra-
pyrroles complexes in bitumen from different rocks vary between 0.2—4760 ppm V
and 7—1240 ppm Ni. Kerogen consists of 10—20 percent of a whole copper-bearing
shale and there is a possibility of even higher Ni- and VO-porphyrins concentrations
in kerogen than in bitumen, mainly due to much higher nitrogen content in kerogen
in comparison with bitumen (three and one percent, respectively). Thus, we may
assume that almost all nickel and vanadium can be bound to porphyrin complexes,
mostly during accumulation of clay-organic sediment and its diagenesis. Probably,
most of the vanadium has been complexed by porphyrins so far. Nickel, since its

porphyrin complexes are more sensitive to diagenesis, is actually present in the cop-

per-bearing shale mostly in sulfide minerals and only subordinately in the porphyrin
complexes. i

The concentration of the VO- and Ni-porphyrins in the copper-bearing shale
allows to consider a possibility of existence of copper porphyrins in this shale and
their role in the copper concentration processes. Copper porphyrin complexes are
formed easier than those of Ni or V and they could be an intermediate in their
formation (Hodgson 1960). In this context, it is valuable to stress the possitive corre-
lation between copper and vanadium in the Fore-Sudetic copper-bearing shale
(Wojcicchowsku, Serkies 1969). Incorporation of copper ion into free porphyrins
is cspeciully.fucilc (Hambright 1975, vide Bergaya, Van Damme 1982). Cu-porphyrins
are also quite stable in a homogenous medium (without clay minerals, for example
(Buchler 1975, Hambright 1975 vide Bergaya, Van Damme 1982). Lewan and May-
nard (1982) suggest that Ni and V are concentrated in bitumen as the tetrapyrrole
complexes mainly due to their availability in anaerobic system, small ionic radii
and favourable electron configuration. One can consider whether these requirements
are fulfilled in the case of copper.

It seems that during the sedimentation of the copper-bearing shale and its early
dla}gcncsxs, anaerobic conditions prevailed and sea water of abnormal composition
(high content of copper and other metals) (Wedepohl 1964, 1980, Haranczyk 1972)
was a huge and easy available source of copper.

Bivalent copper cation shows the most similar ionic radius (from all other cations
of the ﬁrst transition series) to Ni and VO. The same refers to ligand stabilization
Tgu;g%y in the octahedral and square planar configuration (vide Lewan, Maynard
; High amount of tetrapyrrole complexes is needed for enrich ¢ i
in metalg. Organic matter derived from algae is an excellent soLr:'cc];toOff;oigljllTiil?
Phytoplanklor} can contain up to 67.000 ppm of chlorophyl (vide Lewan Maynar(i
1982),. the main precursor of tetrapyrroles. Apart from algae, the minor’ sougce of
organic matter in a copper-bearing shale could be sulphate-reducing bacteria of
Dcsulphovnbr!o’sp. which are also suppliers of porphyrins (Hodgson ‘Whi‘;el
1980). Thus, it is reasonable to assume that the favourable conditior{s f(’)r formie):
cop;)‘ir porphyrin complexes existed during the copper-bearing shale scdim(-’:ntatiol:{B

e complexation of copper ' ins i is hi it
the EPR studies of humic d?l}()iz (]z)i/ssrc):cr)llbpallnyr;n:t l‘cllll ]i/ig%gegilssselxt%r:x%prs(isable ls I9r'1/c6C
Goodman, Cheshire 1973, Cheshi @ 7 s d.gh ot i oo i |
in humic acids by the azote o??)s(])]rl;i;rtinlsll “111917HZI) Sah(')(\i'ved s eopRe . pomplossd
and/or part of young kerogens (lshiwaia'lri 197;). Aike: s RHGUMIn. bep RN

Copper ati i
i lhzr::arlizoslfm:me:sdelsl(:} (tl)y Porphyrms 'COUId take place during the accumulation

. p lagenesis of clay-organic sediment, before its lithi i
The source of copper could be interstitial waters : e ke T
case of interstitial waters the most imporlantdf'crs B R i L

actors would ‘be: 1) copper concentra-
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tion in water, 2) the amount of free porphyrin complexes, 3) the rate of metal di-
ffusion from the overlying water body to a sediment, 4) the period of opening of water
-sediment system. As high as 39 ppb of dissolved copper was recorded in the inter-
stitial waters of marine sediments (Presley et al. 1967, 1972). Clay minerals are not
only carriers transporting metals on their surfaces (Caroll 1958) but also can be
a source of metal ions for metalloporphyrin formation (Cady, Pinnavaia 1978,
Bergaya, Van Damme 1982). Cady and Pinnavaia (1978) have shown that during
the contact of free base porphyrins with the Cu-montmorillonites the copper por-
phyrins form on their surfaces and then are relieved to solution in metallized form.
However, Bergaya and Van Damme studies (1982) proved a low stability of Cu-
-porphyrins in presence of clay minerals what could explain their rarity in natural
environments (Palmer, Baker 1978, Galimov et al. 1982). In comparison with Cu-
-porphyrins, the VO- and Ni-porphyrins have a great chance to survive the contact
with clay minerals (Bergaya, Van Damme 1982). According to Bergaya and Van
Damme (1982) the extensive formation of Cu-porphyrins from free base porphyrins
in contact with Cu-montmorillonite and observed their low stability in contact
with montmorillonite are not contradictory features but only show that the formation
and demetallization rate constants are large and that the equilibrium constant is
close to unity. In such a case, probably even small changes in oxidizing-reducing
potential, the acidity and/or ion concentration during the early phases of accumula-
tion and diagenesis of shale would render the predominance of one process over
the other. However, we should keep in mind that the general tendency during the
diagenesis is still the demetallization of Cu-porphyrins.

Most of the transition metals of the first series (Cu, Mn, Fe, Zn, Co, V and Ni)
can form, in laboratory, metallic complexes with porphyrins. Because of different
facility to form metalloporphyrin complexes and their different stability those
metals could be selectively incorporated into porphyrin complexes. Relativele
considerable facility of copper bonding to porphyrin complexes can result, to somy
extent, in higher rate of copper ions diffusion from overlying water body to a sedi-
ment and thus in copper enrichment especially in an algal shale bed. Different
stability of metalloporphyrin complexes can also be the cause of strong differen-
tiation in the rate and time of metal sulfide precipitation during diagenesis.

It should be stressed that the porphyrins, although the best known, are only
a part of highly complicated organic substances system, resulted in degrgdation of
algal matter, which can also complexe a number of metals. However, this problem
is beyond the scope of this paper and will be discussed later.
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Zbigniew SAWLOWICZ

ZNACZENIE METALOPORFIRYN W PROCESIE AKUMULACJI
METALI W LUPKACH MIEDZIONOSNYCH
Z CECHSZTYNSKICH ZELOZ MIEDZI (POLSKA)

Streszczenie K

Frakcje zywic z bituminéw wyekstrahowanych z ilasto-organicznego tupku
miedzionosnego, tzw. smolistego, z monokliny przedsudeckiej poddano badaniom
spektroskopowym w zakresie $wiatla widzialnego i ultrafioletu. W zywicach (18
probek) stwierdzono obecno$é¢ porfiryn wanadylowych i niklowych (porfiryny typu
etio i/lub DPEP). Obecne sa prawdopodobnie rowniez, w niewielkich ilosciach,
rodoporfiryny. Rodzaj metaloporfiryn i ich zawartos¢ poréwnano ze sktadem che-
micznym substancji organicznej oraz sktadem mineralogiczno-geochemicznym tupku,
nie stwierdzajac zwigzku pomigdzy powyzszymi parametrami.

Poréwnanie ilo$ci bitumindw i kerogenu w tupku oraz mozliwo$¢ wystgpowania
porfiryn w kerogenie, sktania autora do przypuszczenia, ze wigkszos¢ wanadu
w tupku miedziono$nym moze wystepowaé w formie przede wszystkim kompleksow
porfirynowych.

Rozwazono znaczenie udziatu porfiryn w procesach koncentrowania miedzi
i innych pierwiastkéw przejéciowych w tupku. Autor sugeruje mozliwos¢ istnienia
w czasie sedymentacji i wezesnych etapéw diagenezy tupku miedzionosnego warun-
kow sprzyjajacych tworzeniu si¢ miedziowych kompleksow porfirynowych, ktoére
mogly w sposéb znaczacy selektywnie koncentrowa¢ miedz w tupku.

Nie stwierdzono obecnosci metaloporfiryn w zywicach pochodzacych z tupku
utlenionego, z bardzo uboga mineralizacja kruszcowa.

OBJASNIENIE FIGURY

Fig. 1. Widma absorpcyjne UV-VIS mieszanin porfiryn niklowych i wanadylowych z réznym
udzialem poszczego6lnych sktadnikow

36uenes CABJIIOBUY

O 3HAYEHUU METAJUIOIIOPOVPMHOB B MPOLIECCE
AKKYMYJISILIUM METAJUUIOB B MEJMCTHUX CJAHIIAX
13 LEXIMTEMHOBBIX MEJHBIX MECTOPOXAEHNU (ITOJIBIIA)

Pe3zrome

Hpoaom’mucx: CIEKTPOCKONMYECKHE MCCIIEJ0BAHNS B JMANA30HE BHIMMOIO
cBeTa M yabTpaduoseTa (Gpakiuum CMOJ U3 GHTYMOB, SKCTPArMpOBAHHBIX M3 IJIH-
HUCTO-OPraHOreHHOTO, TAaK HA3bIBAEMOTO CMOJISIHOrO CllaHla C [pencyneTckoi
MonoKnHaM. B cmoiax (18 06pa3uoB) oOHApYKEHO HNPUCYTCTBHE BaHAIMIOBBIX
M HUKeJIeBbIX MOPGUPUHOB (THIA STHO H/MJIH DPEP). BeposiTHO, B HEGOJbIINX
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KOJIMYECTBAX MPUCYTCTBYIOT TaKXe pomonopdupnubl.  Pox MeTaJUIOOP(GUPUHOB
M WX COIEPXKAHHe CONOCTABJSUINCH C XMMHYECKHM COCTaBOM OPTaHMTCCKOro Be-
IIeCTBA, a TAKKE C MHHEPATOrO-TEOXHMHYECKMM COCTABOM CJIAHIA, IPUYEM CBA3H
MLy BBIIICYTOMSHYTHIMY ITapaMEeTpamMu He Oblra obHapyxeHa.

CONoCTABJICH)E KOJMYECTBA OMTYMOB M KEpOreHa B CJIAHIE, & TaKke BO3MOX-
HOCTb IIPHCYTCTBHSI NOPGUPHHOB B KepOreHe, CKJIOHSET aBTOpa NPCIMONOKHTE,
4TO GOJBLIIMHCTBO BAHAIMS B MEIMCTOM CIIAHIE MOXET MPUCYTCTBOBATDH NPEXKIC
BCEro B BHUJE nopdmpnuosblx KOMILITEKCOB.

PaccMaTpuBaioch 3HAYEHHe yJacTHs MOPGUPMHOB B NPOLECCAX KOHUCHTPALMH
B CJIAHIIE MEIM M APYTUX MEPEXOAHBIX METAJLITOB. ABTOP IPE/oaraeT BOSMOXHOCTh
CYIIIECTBOBAHMS BO BPEMsI OCAIKOHAKOTUIEHHS M PAHHMX 9TaNoB AMarcHesa YCIIOBUH,
COJCHCTBYIOIIMX O06Pa30BAHUIO MEIHBIX TOPHUPHHOBBIX KOMIUIEKCOB, KOTOPBIC
CYIIECTBEHHBIM 06pa30M MOIJIH CEJEKTHBHO KOHIEHTPHPOBATH MEJb B CIIAHLE.

He o6Hapy)eHO HAIMYdsi METAUIONOpQUPHHOB B CMOJAX, NPOMCXOISILIMX
U3 OKMCJIEHHOTO CJIaHIA ¢ BeCbMa OEIHBIM OpYACHCHHEM.

OBBbSACHEHUE K ®UI'YPE

®ur. 1. Cnexrper norsouennst UV-VIS cMeceit BaHaMIIOBBIX X HUKEJIEBBIX nopGUPHHOB € pa3HBIM
colepKaHUeM OT/ICTbHBIX KOMIIOHCHTOB
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