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The vanadium in Zvonce black shale was determined by emission spectro-
graphy (100 ppm) and atomic absorption spectrometry (100 ppm). To obtain an
indication of the chemical nature of the vanadium present in this shale, a sample
was analysed for vanadium at various stages of demineralization. It was found that
70% of the vanadium was soluble in 4M hydrochloric acid, a further 11%; was soluble
in 0.25M hydrochloric acid: 22 M hydrofluoric acid, and the remaining 19% was
retained in the extractable organic and kerogen fractions. It is suggested that a likely
source of vanadium in Zvonce black shale was normal sea water and that most

_ of the vanadium was adsorbed in the shale iron oxides.

The East Serbian Silurian sequence, which is wholly marine, includes well-
dated strata of the early Llandovery through Ludlow-Pridoli age to early Devonian.!
Siluiran black shales are important because they can be the host for Kupferschie or
-type ore deposits of the source of metals for metamorphic-type ore depositsfer-
higher grade mineralization. These rocks were deposited in reef-controlled, warm-
-water regions. The Zvonce (Middle and Upper) Silurian sedimentary deposits
belong to the E. Serbia Silurian units. They are calcerous and carbonacecus black
shales with graptolitic faunal associations.

The Zvonce graptolitic shale is believed to have been deposited under reducing
conditions in sheltered areas of a shallow epicontinental sea, during a period of
widespread marine transgression.! This shale was probably laid down at moderate
depths below the influence of wave action. This accounts for the observed accumu-
lation of well-preserved graptolite remains and much of the asscciated organic
matter.

Although Silurian graptolitic black shale occurs throughout E. Serbia ,our
investigations have centered on an outcrop area near the village of Zvonce (Fig. 1).
Petrographic studies2~4 indicate that the black shale from near Zvonce is well
laminated with carbonate interbeds and consists of a mixed assemblage of organic
matter within a matrix of silicate and clay minerals.

Extensive work has been done on the geology and paleobiology of Zvonce
black shale and related geological materials; the reader is referred to Petkovié,s
Petkovi¢ and Milojevi¢,? Veselinovi¢,® Veselinovi¢ and Krsti¢,7 Pantic¢ et al.8 Despite
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this interest in Zvonce no modern detailed chemical analysis of this rock is available
in the literature. Premovi¢? investigated the occurrence of vanadyl (VO27) ions
in Zvonce shale and other ancient sednnentary rocks of marine origin. It was
concluded that these ions are located in the clay/silicate fraction (probably

associated with interstratified mica-montmorillonite cley).
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Fig. 1. Location of the sample and the outcrop of Zvonce black

shale (according to Petkovi¢ and Milojevié?)

Recently, Premovi¢ er al.10 determined the distributicn of vanadium (V)
(and VOZ+ porphyrins) infractions of Serpiano marl (Middle Triassic, Switcerland)
and La Luna shaly limestone (Upper Cretaceous, Venezuela) by employing a variety
of geochemical and spectroscopic techniques. It was concluded that most of the
V (ca. 509 of the total V) in these rocks is associated with kerogen fracticzs.

A Sample of Zvonce shale was mvestlgated in order to establish the chemical

distribution of V.
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EXPERIMENTAL

Sample. A sample of the shale material was obtained from an outcrop on the left bank of
Blatnica River in Zvonacka Banja, near Zvonce. The location of the sample site is shown in Fig. 1.

Emission spectrography. Semiquantitative spectrochemical analysis was performed using
a Schoentag vessel with an atmosphere of 20%, oxygen in argon. The method is similar to that
described by Marinkovi¢.1! The spectrographic analyses were carried out in the laboratories of
the Research and Development Center (RDC) of the Puro Salaj Non-Ferrous Industry, Ni§, using
a Carl Zeiss (Jena) Model PGS-2 spectrograph., Emission spectra were recorded on ORWO UV
1-photoplates.

Atomic absorption spectrometry (AAS). AAS was carried out on a Perkin-Elmer model
360 AA spectrophotometer with a UDR-3 digital read-out unit. A nitrogen (I) oxide (N,O)-ethyne
(C;H;) flame was used. Futher details of the analytical’procedure and associated controls for
precision and accuracy are given in Ref.12

Infrared (IR) spectrophotometry. Rock samples were finely powdered and evenly dispersed
in potassium bromide pellets. The pellets were then dried for at least one hour at 373 K, before
spectra were taken using a Perkin-Elmer 457 IR spectrophotometer set to give undeformed spectra.

Analysis and fractionation. The extraction and fractionation procedure was similar to that
used by Saxby13,14 and Premovi¢ ef al.10 The flow chart in Fig. 2 outhnes the major steps in
preparing the four fractions. They were as follows:

Finely ground sampic

G/ Cliz0N (3:1 v/v)

— |

Residue I Soluble organic fraction (a)
i |4 M _HCI J
Residue 11 l ' HC1 = soluble fraction (b)
S el
Ilg_z_m HE/T M OHEL (3:1 vjv)
el | Lo
Residue I11] l HF = soluble fraction (c)

a) Na,C04~fusion
b) 12 M HCY

Kerogen fraction (d) J

Fig. 2. Flow chart of the extraction and fractionation procedure

a) Powdered rock (10 g) was extracted with benzene /methanol (3:1 v/v) for 90 h in a Soxiet
apparatus.

b) The residue remaining in the Soxlet thimble was treated with boiling hydrochloric acid
(HCI, 4M) to remove most of the carbonates. Carbonate removal was checked by IR analysis.
The HCl-soluble materials constitute the second fraction.
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¢) The insoluble residue from (b) was demineralized further by repeated treatment with
boiling hydrofluoric acid /HCl (HF /HCI, 22 M and 0.25 M, respectively). This acid mixture removes
silicates and the removal was checked by IR analysis.

d) The final residue from (c) is kerogen. It contained only small traces of inorganic minerals,
including pyrite, as confirmed by AAS, electron microscopy and microprobe analysis. It was fused
with excess anhydrous sodium carbonate and the fused material was then dissolved in HCI (12 M).

All fractions were examined for V (in all chemical forms) by AAS. Fraction (a), unfrac-
tionated (original) rock sample, (1 g) was examined by AAS for total V after a fusing procedure
similar to that employed for the kerogen fraction.

RESULTS AND DISCUSSION

The distribution of V in the various fractions of shaly rock is shown in Table I.
This table reveals that the levels of total V in the rcck sample, determined bty emis-
sion spectrography (superscript b), by AAS (superscript ¢) and the sum of V in
the various rock fractions (superscript a), are in good agreement with one another
within experimental error.

The V contents of the HF-soluble, extractable organic and kerogen fractions
are small (Table I) and most of the V (70%;) resides in the HCl-soluble phase. This
is in contrast to the situation found by Premovié ef @/.,10 in La Luna shaly limestone
and Serpiano marl: the bulk of V in these rocks (ca. 50%, of the total V) is associated
with the kerogen fractions. The different behaviour of V in the two sets of rocks
(Zvonce vs. La Luna and Serpiano rocks) may reflect a difference in the nature
of the organic materials in their formations.

TABLE I. Concentration and distribution of V in Zvonce black shale: 100*, 100"

Shale Ve \Y%
Fraction (wt.%) (ppm) (wt.%)
Shale 100 100 100
Extractable organic =1 =1000 <10
HCl-soluble 61 120 70
HF-soluble 32 30 10
Kerogen 6 170 10

* The V content obtained by the summation of fraction V concentrations, determined
by AAS.

b The V content obtained by semiquantitative emission spectrography.
¢ The V content obtained by AAS.

d The V content of: sea water (2 ppb),15 ordinary shale (130 ppm)i6 and Black Sea se-
diments (175 ppm).17

In order to try to understand the overall source of V in Zvonce graptolitic
shale, the metal content of sea water, ordinary shale and Black Sea sediments were
compared to Zvonce shale, Table I, Relative to sea water Zvonce black shale is
enriched (ca. 105 times) in V but similar to ordinary shale and recent Black Sea
sediments in V abundance. Holland18 showed by calculation for several black shales
of marine origin that 105 metal enrichments including V could be obtained by
removing these metals from normal sea water. Thus, we suggest that V in Zvonce
black shale is syngenetic and extracted from sea water.
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HCl-soluble V may represent: V associated with shale iron oxides, V adsor-
bed on clay minerals of V precipitated in limestone.!® However, Krauskopf:0 has
shown that hydrated Fe,O; is the most effective adsorbent for V in solution and the
association of V with sedimentary iron oxides is well known. Thus, the content
of HCl-soluble V may reasonably be explained in terms of adsorption on shale iron
oxides. Our analysis indicates that Zvonce shale contains a relatively high content
of iron oxides: 2.43%. However, in the absence of an adequate technique for separa-
ting pure fractions of the HCl-soluble shale components for analysis, the
location of V cannot be more precisely defined.

Finally, it can be seen from Table I that the extractable organic fraction of
Zvonce black shale contains a relatively high concentration of V (<1000 ppm).
This indicates that the organic matter was also the control for the V abundance in
the shale. The organic matter usually has functional groups that are able to
ion-exchange or to chelate V, probably before it reaches the sediment,

M3BO

BAHAJMIVM V¥V JPEBHUM YIJBEHUYHUM CEAUMEHTHUM CTEHAMA
MOPCKOT" ITOPEKJIA: 3BOHLE LIPHM HIKPUJBAILL

ITIABJIE V. IIPEMOBUWHR, JbYBMIIA C. JOBAHOBHUHR, 'OPAH B. IIOIIOBUR,
HEBOJIIA 3. ITABJIOBUHR 1 MUPJAHA C. ITABJIOBUR

Ogemerwe 3a xemujy, Duaosodicku haxyaiveii, Ynugepzuuteini y Huury, 18000 Huw u
Hucituiiiyii sa wyxaeapne nayke “‘Bopuc Kugpuw'’, f.iip. 522, 11001 Beoipag

Bananujym y 3BoHUE UpHOM WIKPHBLY oapelieH je eMUCHOHOM crexTporpadujom (100ppm)
M aTOMCKOM ancopnuioHOM creKTpoMeTpHjoM (100 ppm). [a 6u ce yka3aiio Ha XEMHjCKY NPHPOIY
BaHAJMjyMa Y OBOM MIKPHJBLLY, Y30DPaK je aHANHM3HPaH HA BaHAIHjyM Y Pa3/MYHTHM (azaMa Je-
Munepanusamdje. Habeno je ma 70%; BaHanmjyma je pacTsopeHo y 4 M XIOPOBOLOHHYHO] KHce-
JMHY, a jakex 1194 6uno je pacreopeso y 0,25 M xnoposononnunoj kucenusu: 22 M ¢nyopo-
BOBOJAHWYHO] KHCEJIHHHM, a ocTaTak oj 19%; 3aocTano je y OpraHCKH PacTBOPHOj M KEPOTEHCKO]
tpakumju. Ilpennoxeno je na je BepOBATHM M3BOP BaHaIMjyma y 3ponue IIKpuibuy GHna mop-
MajlHa MOPCKa BoZa a 1a je sehu neo BaHaaujyma ancopGoBaH Ha OKCHAMMA IBOXNa IIKpHIBLA.

(TMpnmrseno 7. mapra 1988)
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