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The composition of radiolarian lydites of proterozoic age from the Bohemian Massif was studied
by means of classical methods of chemical analysis, X-ray diffractometry, and spectral, radio-
chemical, and electron microprobe analyses. The samples of the lydites were taken from the Bar-
randien region, the west part of moldanubicum, and the Zelezné Hory region. Silicites from the
lydite-carbonate strata in Mofi¢ov near Ostrov on the Ohfe were studied as well. The lydites
from the Bohemian Massif region are rocks composed predominantly of SiO, (z-quartz) — its
content is higher than 96% (98%; in average). As admixtures are present mainly clay minerals
and relicts of the proterozoic biosphere. Attention was paid particularly to trace contents of orga-
nic substances (bitumens) and some metals of biogenic origin (vanadium, copper, and uranium).
The spatial arrangement of some elements within the siliceous mass of the lydites was determined
by means of electron microprobe. From the results of chemical analyses, interdependence bet-
ween the vanadium, copper, and uranium contents were found, which allowed the lydites to be
divided into two genetic groups. A method was worked out for the determination of very low
contents of organic substances in the lydites (of the order of 10™% to 10~ %), based on pyrolysis
gas chromatography.

Radiolarian lydites predominantly of upper proterozoic age are in the Bohemian
Massif region (Czechoslovakia) abundantly developed, particularly in three geo-
logical regions: the Tepla-Barrandien region, the Zelezna Hora crystallinicum, and the
contactly metamorphized islands in the Middle-Bohemian pluton (so-called island
zones). Their geological and geographical aspects have been described by several
authors, particularly by Kettner!, Kodym?, Rodi¢®, Zoubek?®, Petrének’, and
Dubansk4®. No geochemical study has been so far presented: some more detailed
works are found in silica industry papers, dealing, however, only with the chemical
composition and physical properties of lydites (Bérta and coworkers”"® and others).

As the terminology of silicitic rocks, including lydites, is not unique over the world, the term
silicite is to be defined first. The authors denote by this term siliceous sedimentary rocks of chemo-
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Chemism of Radiolarian Lydites 2301

genic origin; it is used to distinguish these siliceous sediments from sedimentary rocks of clastic
origin composed predominantly of quartz grains (the so-called “quartz sediments™). In silicites
the admixture of the clastic or some other (e.g. silicate) cementation material must not exceed
10% (see”).

The term lydite usually designates a dark silicite containing organic residues. A more specific
-designation is sometimes used according to the nature of the organic residues — radiolarian
lydites for instance. In this work we denote as lydites the organogenic silicites of marinogenic
origin.

EXPERIMENTAL

Samples

‘The radiolarian lydites from the Bohemian Massif region were taken from (2 localities repre-
senting significant deposits of these rocks within the territory of Bohemia (from the Barrandien
region, the west part of moldanubicum, and the Zelezné Hory crystallinicum). Studied were also
silicitic rocks from the lydite-carbonate strata from Mofi¢ov near Ostrov on the Ohfe. The
localities are henceforth referred to according to the names of the near-by settlements (Fig. ).
A list of the samples analyzed and of the pertinent localities is given in Table 1.

Analytical Methods

‘The contents of the various macro- and microelements was determined by the common methods
of quantitative chemical analysis applied to chemical analyses of silicites!?.

The contents of some trace elements (Cl, V, Cu, Ga, As, Sr, In, Sb, I, Ba, La, Sm, Eu, Dy,
W, Au, U) were also determined by neutron activation analysis. The samples were irradiated
by a neutron flow in a nuclear reactor 10'3 ¢cm? s_l, the duration of the sample activation was
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3 minutes, the spectrum was measured by using a Ge/Li detector (error of determination was
5—10% rel)'t,

Uranium, thorium, and potassium were also determined employing gamma-spectrometry
with a scintillation Nal(Tl) crystal (dimensions 45 X 50 mm, resolution for 137¢s 8%). Approxi-
mately 200 g of the sample was used for an analysis. The spectra obtained were analyzed with
a one-channel amplitude analyzer, set up of adapted functional units of Tesla. The characteristic
photo-peaks of the isotopes followed were measured: 210—270 keV (ThB, RaB), 310— 370 keV
(RaB, MsTh2), and 1400— 1520 keV (401(); this made it possible, under the common assumption
of maintained radioactive equilibrium within the natural decay series, to calculate the concentra-
tions of uranium, thorium, and potassium in the samp]e‘z.

The analytical data were processed on a computer by using the program GAMA”, which
enables the obtaining of the concentration values for the elements followed along with the cor-
responding fundamental statistical parameters, the 12 values for the significance test for the dif-
ferences of the individual measurements, and the measurement durations in the various spectral
ranges necessary for a preselected accuracy of determination.

The semiquantitative spectrographic analyses were carried out on a quartz ‘prism spectro-
graph Q-24 (Zeiss, Jena) with a graphite electrode; a.c. arc was applied using a generator ABR-3,
current intensity for the recording of volatile elements 6A, for less volatile elements 10 A.

For the determination of trace amounts of organic substances, a method based on pyrolysis
gas chromatography was worked out by Dubanskd and Dubansky“’ls. Gas chromatographs
of Pye (Panchromatograph) and C. Erba (Fractovap 2400 V) with a flame-ionization detector
were used. The chromatographic columns were packed with 10%wt. m-bis-(m-phenoxyphenoxy)-
benzene on Chromosorb W (80/100 mesh) (Lachema, Brno). Argon served as the carrier gas
(purity 99-95%), flow rate 35 ml/min, detector sensitivity 3 . 107° A, vcltage at the detector 50 V.

Since very low contents of pyrolysis products of bitumens, present in the silicitic rock in trace
amounts (~ 10~ % to 10~ 3%), were to be determined, rather high portions of the samples had to be
taken to analysis (5—10 g, grain size 0-2—0'6 mm). A specially modified pyrolyzer had to be
devetoped for this task, too!®:17 (Fig. 2).

FIG. 2

Scheme of the Pyrolyzer Equipped with Six-Way Cock

1 Six-way cock, 2 closed outlet of the six-way cock, 3 pyro-~
lysis vessel made of quartz glass; the solid arrow indicates the
flow of the carrier gas, the dot-and-dash line shows the gas.
outlet during the evacuation.
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The weighed amount was usually 5—10 g in the case of the silicites, batches as high as 50 g
could be, however, pyrolyzed. For the analysis of the silicitic rocks, the (outer) diameter of the
flask of the pyrolysis vessel should not exceed 16 mm (with the thickness of the quartz glass walls
of 0-5—1 mm), for the heating to proceed in the optimum manner. The diameter of the tube
providing the carrier gas inlet should not be greater than 4 mm; the tube served also for the filling
of the sample. The pyrolysis products can be led to the chromatograph through the same tube
or through a capillary. If a higher amount of water is released from the sample during the pyro-
lysis, it can be absorbed by magnesium perchlorate in a flask for hygroscopic substances.

In addition to pyrolysis, the bitumenous components were released from the rocks also by ex-
traction with ethanol and benzene in a Soxhlet apparatus (volume 1 1) with a glass extraction
insert equipped with a frit S1 (1100 g of analytically fine ground sample extracted for 1 h).
The extracts were analyzed on a gas chromatograph attached to a mass spectrometer AEI-MS 902.
Infrared spectra were scanned on a Beckman 4210 spectrophotometer. Packing columns were
used for the chromatographic separation; silicon elastomer and Carbowax CX 20M (Gurr Ltd.,
London), 3% wt. on the carrier MV 2000, served as the stationary phases.

X-ray structural analyses applying the Guinier de Wolff method were performed by means
of a microstructure apparatus RTG (Chirana, Prague) using FeK, radiation, and a diffractograph
(Chirana) with the source Mikrometa 2 (CuK, radiation).

The distribution of chemical elements and the phase distribution (composition) at the polished
sections of the samples studied were investigated by means of an electron microprobe JXA-50A
(Jeol, Japan).

RESULTS AND DISCUSSION

Chemical Composition of Radiolarian Lydites

Results of chemical analyses, neutron activation analyses, and gamma spectrometry
analyses of the samples are given in Tables II and 111, those of the semiquantitative
spectral analyses are given in Table IV.

The radiolarian lydites from the Bohemian Massif region were compared with
similar silicitic rocks from the point of view of their chemical composition. Table V
shows the results of analyses as reported in the literature (ordered chronologically
according to the date of publication). In comparison with other silicites, Bohemian
lydites are found to be relatively highly pure quartz rocks. This was confirmed also
by X- ray structural analysis; in the X-ray diffraction patterns of the rocks analyzed,
almost all the lines belong to o-quartz, except for several indistinct lines, which
we were not able to attribute (similarly as Forestier'®).

Only in the samples from Zdechovice, clay minerals were identified as admixture.
From the three prominent lines, some mineral (or a mixture) from the caolinite
group was inferred to be present (d 7-17, d 4-22, d 3-59)'°. Regarding the possibility
of overlapping lines of the clay mineral and quartz, we cannot give a closer speci-
fication of this mineral.

In addition to clay minerals, other alumosilicates are present in the lydite samples
as well, as follows from the contents of aluminium, calcium, magnesium, and alkali

Collection Czechoslov. Chem. Commun. [Vol. 42] [1977]
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TasLE 11
Results of Chemical Analyses of the Lydites (Samples No. 1—16)

Sample . Si0,  TiO, Al,O; Fe,05 MnO  MgO  CaO
No. Locality o o A 3 o A o
1 Mala Doubrava 98-23 0-005 025 0-43 0-004 0-01 0-04
2 Borovy 96-11 0-04 0-50 0-83 0-05 01 062
3 Zalesi 98-40 0-002 © 030 0-91 0-0004 003 0-015
4 Vodokrty 98-54 0-01 0-20 0-43 0-0008 0-03 0-01
5 Stary Plzenec 97-52 0-02 0-40 1-40 0-002 0:03 0-01
6 Stary Plzenec 98-65 0-02 020 074 0-0002 003 0-0t
7 Ostra Hirka 97-93 0-02 0-45 098 0-002 008 0-02
8 Kysice 98-26 0-02 0-35 0-81 0-004 0-04 0-02 .
9 Ladvi 98-45 0-01 0-40 0-40 0-0003 0-04 0-01
10 Sarka 98-41 0-03 0-60 047 0-0009 0-04 003
11 Sarka 97-83 0-02 0-35 0-41 0-0006 > 0-03 0-02
12 Sarka 97-99 002 0-45 0-45 0-0008 0-03 0-02
13 Motitov 96:21 0-05 0-40 0-60 0-:0007 0-03 0-01
14 Sovolusky 98-83 0-005 0-35 0-24 0-001 0-02 0-01
15 Zdechovice 84:07 0-32 9-20 033 0-004 1-7 0-14
16 Zdechovice 85-45 0-28 8-10 0-87 0-006 1-6 01
TasLe III
Results of Chemical Analyses of the Lydites (Samples No. 1 —16)
Sample v Cu Ga In Sb As La Sm Eu Dy
No. ppm ppm ppm ppm ppm  ppm ppm  ppm ppm  ppm
100 12 01 0-006 10 10 1-0 0-1 0-02 02
2 300 37 1-0 0-001 15 13 4-0 30 07 40
3 300 35 05 0-004 35 3-0 2'5 10 02 15
4 180 24 03 0-004 50 60 8-0 1-0 02 15
5 260 63 40 0-015 20 15-0 150 20 04 15
6 210 58 0-1 0-005 64 10 50 1-2 04 29
7 200 56 10 0-017 140 16:0 30 1-0 0-15 1-0
8 35 40 07 0-01 33 30 3-0 1-0 02 1-5
9 20 25 01 0-008 1-0 36 1-0 0-4 0-05 03
10 10 15 0-1 0-009 10-0 06 1-0 [ 0-05 02
11 67 90 03 0-003 4-0 13 40 11 0-15 1-0
12 54 72 02 0-006 78 08 2:5 07 0-1 07
13 350 46 35 0-006 1-5 1-5 3-0 2-0 0-5 3-0
14 35 5 01 0-007 1-0 1-0 5:0 07 02 09
15 50 6 90 0-007 1-0 1-0 100 50 04 1-6
16 60 10 70 0-025 70 70 60 1-5 03 1-0

Collection Czechoslov. Chem. Commun, [Vol. 42] [1977]
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FiG.7 Fic. 8
Distribution of Vanadium in the Sample Distribution of Calcium in the Sample No. 3,
No. 15, Zdechovice (Magnif. 1500 ) Zalesi (Magnif. 1000 %)

FiGc. 9 FiG. 10
Distribution of Silver in the Sample No. 2, Distribution of Sulfur in the Sample No. 2,
Borovy (Magnif. 250x) Borovy (Magnif. 250x)
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TasLE 11
(continued)

SrO BaO Na,0 K,0 P,0q N H,0Y H,0°  CO, Ceombus. or fubst

% % % % % % % % % %
0002 001 0-002 0-05 0-0l5  0-016 0-13 0-07 0-01 079 1-18
0-01 0-01 0-04 0-05 002 042 0-15 004 0-55 0:62 133
0-0004 0015  0-003 0-02 002 0-051 0-12 0-02 0-01 0-08 1-34
0-0005 0006  0-003 0-02 0-007 004 0-06 0-03 0-01 0-62 1-30
0-01 0065  0-006 01 006 011 0-23 0-03 0-01 0-026 029
0-01 0-04 0-002 0-02 003 012 0-1 0-02 0-01 0-03 0-30
0-001 0-02 0-007 01 005 0032 016 0-04 0-01 015 042
0002 002 0-01 0-08 0022 016 0-21 0-05 0-01 0-03 0-66
0-001 0-01 0-002 0-04 0-007 006 0-06 0-05 0-01 0-52 0-55

0-001 001 0-004 0-07 0-:006 012 015
0-002 0005  0-004 0-02 0012 022 018 1
0-001 0-01 0-003 0-05 0009 018 0-16 -05 0-01 0-67 2:84

0-01 0-01 0-03 0-51

0.

0
0-001 0-01 0-008 0-04 0-05 0-21 033 0-04 0-01 2-08 1-37

0

0

0

0-01 0-95 5-00

0-001 0-004  0-004 0-11 0002 0013 0-06 -01 0-01 0-34 1-12
0-002  0:008 0:02 0-75 010 0-02 3-35 -1 0-01 0-034 115
0-:004  0-08 0-04 0-95 0027  0-007 2:42 0-01 0-035 1-16

=)
3

TasLE 111
(continued)

w Au Th u cl 1 FeS, adn’zxixls spectrally found
ppm  ppm  ppm  ppm ppm  ppm % o

03 - 120 19 18 o1 0-03 177 Cr, B, Mo, Ag, Pb

001 90 080 30 4 01 079 389 E,IOC’N;Z' Co,Pb, Ag, Zn,
os 49 163 150 14 03 009 6o {Sh Db ZmAs Co Sn, B,
04 o1 080 10 15 40 0075 146 Cr

05 36 060 4+ 10 10 021 248 Cr, Ag

13 — 1-41 2:5 10 05 0-22 135 Cr

03 02 098 4:0 15 09 0-06 2:07 Cr, Ag

06 o1 09 07 30 70 030 174 Cr

03 — 1-00 09 11 o1 012 1'55 B, Cr, Ag

o1 — 0-60 06 19 0-1 022 159 B, Zr

0-01 40 180 3-0 17 04 04l 217 Cr, Ag

0-01 10 130 2:4 18 0-3 0-34 2:01 Cr, B, Zr, Ag

1-0 180 250 60 10 01 0-40 379  Cr, Zr, Ni, B, Pb, Ag

03 — — 09 17 02 002 1117 Cr, Ag

05 — 7-50 12 9 01 038 1593 Cr, B, Ag

07 o1 - 15 15 01 001 1455 Li, Cr, Ag, Pb, Ni, B

Collection Czechoslov. Chem, Commun. [Vol. 42] [1977]
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TasLe IV
Results of Semiquantitative Spectral Analyses of the Lydites (Samples No 1—16)

Sample . Contents of elements determined
Locality
No. >10% 10-1% 1-0-1%

1 Mala Doubrava Si (Fe)
2 Borovy Si Fe, (Ca) Na, Mg, Al, Ti, (K, Mn)
3 Zalesi Si (Fe) (Al)
4 Vodokrty Si (Al)
5 Stary Plzenec Si Al, Fe
6 Stary Plzenec Si Al Fe
7 Ostra Hirka Si Al, Fe
8 Kysice Si Al, Fe R
9 Ladvi Si Al, Fe

10 Sarka Si Al

11 Sarka Si Al, Fe

12 Sarka Si Al, Fe

13 Mofti¢ov Si Al, Fe

14 Sovolusky Si Al, Fe

15 Zdechovice Si Al Mg, K, Ca, Ti

16 Zdechovice Si Al K, Mg, Ti

metals (particularly potassium) and from electron microprobe observations, although
they cannot be detected by X-rays, owing to their low concentrations.

We focused the study of composition of the lydites on the trace contents of those
elements whose biogenic origin or enrichment can be assumed. These are particularly
vanadium, copper and uranium, whose enhanced contents in sedimentary rocks,
especially in the organic mass of the sediments, have been reported in papers of other
authors?° ™24, The enrichment of vanadium and uranium by the organic mass
occurs mainly in deep-sea sediments?®, that of copper in freshwater and shelf sedi-
mentary rocks?.

fo

°U

3 13
5 414 N\ g /o 3
o6 o

0 20 0 gca 60

F16.3
Triangular Diagram (Section) for the Relative Contents of V, Cu, and U

Collection Czechoslov. Chem. Commun. [Vol. 42] [1977}
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TABLE IV

(continued)

by semiquantitative spectral analysis

0-1—0-01%

0-01—0-001%

Al, (Mg, Ti)
V, Ba

Mg, Ca, V
V, Fe, (Mg)
Mg

Mg, (Ca)
Mg,(Ca)

Fe

Mg, Ti, V

Fe
Na, Ca, Ba

<0-001%;

V, Cr, (Mn, B)

B, Cr, Cu, Sr, Zr, Zn, (Ni, Ga, Mo)
Cr, Mn, Ni, Cu, Zn, Sr, Ba, (Pb)
Ti, (Ca, Cr, Cu)

Ca, V, Cu, Ba, (Cr)

Ti, V, Cr, Cu, Ba, (Sr)

Ti, V, Cr, Cu, Ba

Mg, Ca, Ti, V, Mn, Cu, Ba

Mg, Ti, V, Cu, (Ca, Mn, Ag)

B, Mg, Ca, Ti, (Mn, Cu, Ba)

V, Cu, (Ca)

Mg, V, Cu, Cr, (Ca, Ti)

Ca, Cr, Cu, (Mn)

Ag, (Ti)

V, Cr, Mn, (Ag)

Li, V, Cr, Cu, Sr, Ag

Ca, Cu, Mo, Ag, Pb
Co, Ag, Pb

B, Co, Ag, Sn, (Be)
Mn

Ti, Mn, Ga, Sr, (Ag)
Mn, Ga

Mn, Ga, Sr, Ag

Cr

B, Cr

Vv, Zr

Mg, Ti, Mn, Cr, (Ag)
B, Mn, Zr, Ag, Ba
Ni, Ga, Mo, Ag, Ba, Pb
V, Cr, Cu

B, Cu, Ga

B, Ni, Ge, Pb

The contents of vanadium, copper, and uranium were plotted to give a triangular
diagram (Fig. 3, Table VI); as can be seen from it, the lydites can be divided into two
groups, principally according to the different V : Cu ratio. Two genetic groups

130

Fic. 4

Interdependence of the Contents of Vana-
dium and Copper in the Lydites
Samples No. 1—16; ay, by, ¢, — genetic

groups.

200 v, ppm 300 0

F1G. 5
Interdependence of the Contents of Vana-
dium and Uranium in the Lydites

Samples No. 1—16.

00 200y pprm 300
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TaBLE V
Survey of Chemical Analyses of Some Silicitic Rocks Reported in the Literature®

Sample Locality Si0, TiO, Al,0; Fe,0O; FeO MnO MgO
No. rock % % % % % % %
1 Osterode (Harz) 61-24 18:75 11-70 491
Kieselschiefer
2 Lerbach (Harz) 71-60 1475 1-41 tr. tr.
Kieselschiefer
3 Andreasberg (Harz) 61-87 0-23 698 2-11
Kieselschiefer
4 Australia 91-06 379 2:01 0-46
black phthanite (radiolar.)
5 Borneo 97'19 1-45 112 tr.
phthanite
6 Ireland 95-50 010 1-95 0-15 tr.
chert
7 Belleville Missouri (USA) 98-17 0-83 0-01
chert
8 Lande des Vardes (Normandy) 9785 1-08 0-87 tr.
phthanite (M. Armoricain)
9 Lamballe (Bretagne) 98-00 1-22 0-23 tr.
phthanite (M. Armoricain)
10 The Vosges (France) 8684 0-38 603 0-10 2:62 004 067
radiolarite
11 91-55 023 2:85 0-20 0-54 tr. 037
Carnian Alps
12 Feistrichtzgraben 9511 tr. 0-46 042 0-:03 001 014
lydite
13 9594 tr. 1-39 0-69 005 0-01 026
14 Ohio (USA) 98-93 0-005 014 0-06 0-08 0-01 002
flint ridge
15 Hengstriicken (Harz) 90-42 3-24 1-58 0-63 028
lydite
16 Saratov region (USSR) 9716 0-08 020 0-12 040
hornstone (almost black) .
17 South Ural 90-52 0-12 2:50 095 0022 4-58
phthanite
18 Lande des Vardes 95-50 0-07 2:10 065 070 tr. 030
Manche, Normandy
19 Massif Armoricain 96:60 0-05 1-65 0-50 060 tr. 030
phthanite
20 98:60 0-05 110 012 015 tr. 030
21 Hradi§té W. of Prague 97-94 1:37 0-18 0-06

lydite

Collection Czechoslov, Chem, Commun.

[Vol. 42] [1977)



Chemism of Radiolarian Lydites 2311

TABLE V
(continued)

CaO Na,0 K,0 H,0 C
A A A 7 o o Year Ref.

o o

Other components
%

°

005 259 122 049 10095 1795 27 (cited on p. 346, the original paper
not available)
1:06 10-06 0-32 99:20 1866 27 traces of S and Mn
2580 102 033 tr. 98:64 1866 27 FeCO,0-30
045 028 032 9872 1923 28 80,035
0-05 1-15 0-06 101-02 1923 28
tr. 100:00 1924 29 CaCO, 087, a.l. 1-43, CaSO,
traces
05 9884 1924 29 al.078
010 9990 1929 30
tr. 0-35 99-80 1929 30
042 049 1-32 138 100:69 1933 31 H20+ 1-16, H,O0™ 0-22
0:00 024 0-21*% 094 9975 1941 32 *H,07,P,04tr., CO,00,al.1-14,
FeS, 032
000 006 0-16* 1-96 9943 1941 32 *H,07,P,050:01, CO, 00,
a.l.0-87, S tr.
0-00 013 0-06* 030 99-81 1941 32 *H,07,P,040:02, CO, 00,
a.l. 0-42, S tr.

0-04 001 001 044 O

8 9992 1949 33 CO, 002 P,0, 001,50, tr.,
H,0% 017, H,0™ 0-27
170 071 039 2:31  0-59 10188 1949 34  CuFeS, 0:01, C1 0-03

1:00 98:96 1953 35
10-00 144 11055 1963 36 P,05042
. tr. 025 0-45 10047 1971 18 al.0-90, P;Os tr.
., . 012 047 10052 1971 18 al 070, P,Oy tr.
. tr. 008 10075 1971 18  al.0-35, P05 tr.
0-28 013 99:96 1896 37
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TABLE V
(continued)
Sample Locality Si0, TiO, AlLO, Fe%O3 FeO MnO MgO
No. rock %% % % % % %
22 Spidaté skaly W. of Prague 97-86 1-44 020 007
lydite
23 Kémen near Nepomuky 98:42 1-16 0-28
lydite
24 Sarka, Dzban (Prague) 9791 1-35 018 004
lydite
25 94-16 0:82 1-65
26 94-74 0-64 1466  1:66
27 Bohemian Massif regionb 95-05 1-44 0-97
28 lydites 95-10 0-88 113
29 95:30 0-99 1-19
30 95-49 094 0-83
31 95-16 095 1-27
32 Bohemian Massif region® 95—99 0—0-1 0-2—3 013 0—0-1
lydites z1 21

@ Abbreviations used: tr. traces, a. 1. annealing losses; b closer specification of the localities not

of lydites with the content ratio V: Cu ~075 and ~7-7 are apparent also in the
plots of Fig. 4; the V : U ratio is approximately constant in the rocks studied (V : U

~48), as follows also from the plot of Fig. 5.

From Fig. 4, two linear dependences (straight lines a,, b,) are apparent, which indi-
cates that the content of vanadium increases with the increasing copper content; they
divide the lydites into the two groups mentioned.

Isolated appears to be the group of samples denoted as ¢, (Stary Plzenec, Ostra
Hiirka), where the rocks can be assumed to have been secondarily enriched by minerali-

04

Sarom
ppm

02

05 Zayan,PPmT0

F1G. 6

Interdependence of the Contents of Alkanes
and Aromatic Compounds in the Lydites as
Determined by Means of Pyrolysis Gas
Chromatography

Samples No. 1—10 and 13—16; a;, b,, ¢,
— genetic groups.
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TABLE V
(continued)

CaO Na,0 K,0 H,0 C P Other components
o < A A % o Year Ref. o
026 0-13 99-96 1896 37

0-09 9996 1896 37

0-29 0-13 9990 1896 37
1-89 98:52 1952 7
1-86 9890 1952 7
1-54 99-00 1952 7
1-31 9842 1952 7
1-32 98-80 1952 7
1-56 98-:92 1952 7
1-42 98-80 1952 7

0:1—04 1954 8

202

reported; ¢ average and limit values of 47 analyses, P,O; and V,0j5 detected only qualitatively.

zation processes of atmospheric waters, which leached the surrounding rocks,
particularly the Barradien sedimentary iron ores. From the point of view of the
dependences investigated, the samples No. 5—7 can be regarded as inappropriate
for an explanation of the genetic problem of lydites based on the content of biogenic
(proterozoic) relicts. This is supported also by the results depicted in Fig. 6; here the
sum of the aromatic hydrocarbons is plotted against the sum of the alkane contents
in the individual samples. Here, too, the samples divide into three groups (a, b, ),
which are virtually identical with the genetic groups expressed through other geo-
chemical parameters (Fig. 4).* Generally, increasing content of alkanes is accom-
panied by an increase of the content of aromatic hydrocarbons, which can be under-
stood if the bitumens in the various samples are genetically related or even identical.

From the dependences, allowing for the geographic location of the localities
of the groups of the lydite rocks in question, we can infer a very different depth
of the proterozoic sea, where their sedimentation took place: the Middle Bohemia
region represents a genetic complex corresponding to sedimentation in shallow

The high content of aromatics and alkanes in the samples No. 11 and 12 (Sarka) are not
shown in the plot of Fig. 6; from the standpoint of the content of bitumenous substances these
rocks are atypical.

*
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sea, whereas the lydites and genetically related rocks from other localities display
a deep sea nature as far as the vanadium and copper contents are concerned.

These results disagree with some theories concerning the circumstances of radio-
larian sediment formation in Bohemia, and bring a new view upon the sedimentation
cycles of formation of these rocks. Since the syngenetic age of the lydites in question
could not be so far determined accurately enough by means of some of the radio-
metric geochronological methods, the two groups of Iydite rocks mentioned may be
associated with two different time periods of sedimentation, the sea depth (and hence
the paleobiosphere) not being the determining factor for the different contents
of the trace elements, especially as regards the V: Cu ratio. The different contents
of some trace elements in the lydites can then result from the altered physico-chemi-
cal conditions of formation of these sediments and the different marinogenic bio-
sphere occurring in the various periods of the proterozoic (paleozoic). .

In order to specify the nature of the proterozoic biosphere, we examined the con-
tents of organic substances in the radiolarian lydites. Gas chromatography was
employed for the determination of the contents of the organic compounds whose
elution times correspond to the hydrocarbons listed in Table VII. The column was
chosen so as to enable separation of some typical aromatic compounds and de-
termination of the sum of light hydrocarbons {up to Cs) in the products of pyrolysis
of bitumenous substances.

TaBLE VI
Relative Contents (Mutual Ratios) of V, Cu, and U in the Lydites (%)

Sample No. Locality \" Cu 10)
1 Mala Doubrava 87-72 10-53 1-75
2 Borovy 88-24 10-88 0-88
3 Zalesi 85-71 10-00 4:29
4 Vodokrty 8775 11-76 049
5 Stary Plzenec 79-51 19-27 1-22
6 Stary Plzenec 77-63 21-45 0-92
7 Ostra Hurka 7692 21-54 1-54
8 KySice 4623 52-85 0-92
9 Ladvi 43-57 54-47 1-96

10 Sarka 3922 5882 1-96
11 Séarka 41-88 5625 1-97
12 Sarka 42-06 56-07 1-87
13 Moficov 87-06 11-44 1-50
14 Sovolusky 85-57 1222 2-21
15 Zdechovice 87-41 10-49 2:10
16 Zdechovice 83-92 13-99 2-:09
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In the lydites, the contents of hydrocarbons up to Cs (methane predominates),
n-hexane, and from aromatic compounds benzene, toluene, and xylenes were so de-
termined. Other hydrocarbons, particularly those with a higher number of carbon
atoms in the chain, are cracked or are present in low amounts, and therefore cannot be
detected in this manner.*

The total number of peaks in the chromatograms varied from 4 to 9, the total
content of the organic substances determined lay in the range of 0-3 to 5 ppm.

The contents of the hydrocarbons found were compared with those of combustible
carbon (Table VH); the results indicate only a negligible part of the hydrocarbons
(and their derivatives, relicts of the biosphcre) to remain preserved in this type of sili-
cites, as follows from the high ratio of the contents of the combustible carbon and the
hydrocarbons determined. The ratio (in mass %) ranges from 3.10% to 1-5.10%,
in average 3-3 . 10°. This gives evidence of an intense breakdown of the bitumenous
substances, the metamorphism processes, however, not being strong enough to bring
about a complete conversion of the organic substance as far as to graphite. In the
separated carbonaceous component, obtained as the insoluble part after dissolving
the sample in 10% hydrofluoric acid, graphite could not be reliable detected by the
Debye-Scherrer technique; amorphous carbon is mostly present, with a low part
of kerogene, graphite, and organic substances whose pyrolysis leads to the hydro-
carbons determined (Table VII).

In the benzene extracts three hydrocarbons with 19 to 22 carbon atoms in the chain
and eight hydrocarbons with 16 to 25 carbon atoms in the chain were found by mass
spectrometry and gas chromatography. IR spectrometric analyses of an ethanolic
extract of the organic substances present in the lydite from Sarka (sample No. 11)
evidence the presence of carbonyl and carboxyl groups. The rather high pyrolysis
temperature applied during the pyrolysis gas chromatography measurements does not
allow hydrocarbons and their derivatives with so high-molecular a chain to be
released from the sample without cracking; the pyrolysis gas chromatography results
pertain therefore actually only to the breakdown products of more complex organic
compounds.

Distribution of the Trace Elements

For a completion of the information on the composition of the lydite rocks, the spatial
distribution of the various chemical elements in the lydite admixtures was determined
by electron microprobe analysis. In addition to the common rock-forming elements

* The values for the alkane and aromatics contents, as given in Table VII, mostly do not

represent immediately the respective contents in the lydites, as they are due only to the products
of pyrolysis of the bitumenous substances actually present in the rocks. In the original rock,
much more complex organic substances may be present, as known from the compositions of bitu-
mens.
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TabLE VII _
Results of Pyrolysis Gas Chromatography Analyses of Bitumenous Substance

' . Ceompnst ~ 2.0T8-subst  C,—Cs Cq

Sample No. . Locality o ppm ppm ppm
1 Mal4 Doubrava 0-79 1-18 0-81 0-057

2 Borovy 062 1-33 0-84 0-06

3 Zalesi 0-08 1-34 1-06 0-05

4 Vodokrty 0-62 1-30 1-03 0-12

5 Stary Plzenec 0-026 029 025 0-02

6 Stary Plzenec 0-03 0-30 0-24 0-03

7 Ostra Hirka . 0-15 042 0-30 0-06

8 Kysice 003 0-66 0-45 013

9 Ladvi 0-52 0-55 035 " 0-09

10 Sarka 0-03 0-51 0-31 005

11 Sérka 095 5-00 3-46 016

12 Sérka 0:67 2:84 1:97 0-08

13 Mofidov 2-08 137 0-74 0-35

14 Sovolusky 034 1-12 077 0-03

15 Zdechovice 0-034 1-15 0-81 0-14

16 Zdechovice 0-035 1-16 0-81 015

of alumosilicate minerals (Mg, Al, Si, Ca, Na, K, Ti, Mn, Fe and others), other
elements were determined by this technique too (V, P, S, C, Co, Ni, Cu, Ag, Au, U).

The photographs obtained from the electron microprobe measurements (Figs
7— 10*) show rather nonuniform distribution of the elements in the basic substance
of the lydites — quartz. This holds for most of the elements followed, irrespective
of whether they form accessoric minerals, formed during the original sedimentation
cycle, or whether they represent products of metamorphism processes or recent
oxides of iron, etc. If the larger coatings of the secondary minerals are not taken
into account, the elements examined form in the quartz mass of the lydites sites
of higher concentrations with dimensions of the order of magnitude of 10— 100 pm.

From the genetic aspect it is significant that some metals, whose biogenic origin
can be assumed, are concentrated in centres of micrometer dimensions, which are
rather nonuniformly scattered in the quartz mass. This applies first of all to vanadium
(Fig. 9%) and copper (and silver in some cases), but also to the distribution of some
other elements such as titanium and sulfur (U, P, Co, Ni, Mg, and Na were not
found by the microprobe technique). Similar findings pertaining to iron, manganese,
calcium, and alkali metals are not of significance for a determination of genetic

* See insert facing page 2306.
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TasLE VII
(continued)

Nonidentd.

> Alkanes  Benzene Toluene Xylenes Y Aromatics hydrocarbons Ceombust - 10°
ppm ppm ppm ppm ppm > org. subst.
ppm
0-87 022 0035 0033 029 0-019 67
0-90 0-30 008 0-04 0:42 0-007 47
111 017 0-03 0-03 0-23 0-004 06
115 0-11 0-02 001 0-14 0-01 4-8
0-27 0-02 — - . 0-02 — 09
0-27 002 — - 0-02 0-01 10
0:36 0-06 0-002 — 0-06 0-0004 36
0-58 0-07 0-005 — 0-08 0-002 05
0-44 0-09 0-02 0-001 0-11 — 9-5
0-36 0-13 0-02 — 0-15 0-004 06
362 117 0-04 015 136 002 -9
2:05 0-65 0-03 0-08 076 0-03 2:4
1-09 0-24 0-02 0-01 0-27 0-01 152
0:80 0-27 003 0-001 0-30 0-02 30
095 0-02 016 002 0-20 0-004 03
0-96 0-02 0-15 0-02 019 0-007 03

dependences, as these elements form aluminosilicate rock-forming minerals, which
are a common part of silicitic rocks (clay minerals, feldspars, etc.).

The distribution of aluminium, potassium, and silicon in the sample No. 16 con-
firms the presence of clay minerals, detected also by X-ray analysis. The presence
of feldspars is indicated e.g. by the aluminium, calcium, and potassium distributions
(sample No. 6).

In addition to the crystalline grains of feldspars, amphiboles, micas, and other
common alumosilicate minerals appearing sporadically in some lydites, some other,
prevailingly spherical or reniform formations, probably relicts of receptables of the
proterozoic marinogenic biosphere, were found by means of the microprobe (Fig. 8).
A more detailed identification of the formations lies beyond the scope of this work.

In all the samples studied, sulfur was found to be absent from all the sites where
vanadium and copper concentrate in higher amounts. Almost all the sulfidic sulfur*
is bound only to iron or silver (or other metals whose spatial distribution could not be

* Virtually all the sulfur was found to be bound as sulfide or polysulfide (determined as
combustible sulfur), sulfatic sulfur was not detected.
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determined by the miproscobe). From sulfides, virtually only pyrite is present*
(pyrrhotine was not detected chalcographically), argentite appears rarely in very
fine aggregations (tenths of mm, Figs 9, 10).

As to the other elements followed by the microprobe, they could not be detected
owing to their very low contents or to their highly homogeneous dispersion in the
lydite mass; results of semiquantitative spectral analyses, however, confirm their
presence — see Table IV.

The authors wish to thank Academician V. Zoubek for interest devoted to this work.
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