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1. Introduction

Chemical composition of geological samples and ratios of elements in them are tightly

connected with the origin of Earth matter and often serve as indicators of geological processes.

Very widely distributed in geological history are the formations containing black shales -

sedimentary rocks enriched with organic matter (OM). During the last several dozen years

sedimentologists, geochemists, paleontologists, paleooceanographers and paleoclimatologists

paid to black shales special attention, because in the geological record of these sediments a

number of global and sub-global oceanic anoxic events (OAE) are reflected. During the

Cretaceous epoch there were three main events: Barremian-Albian (OAE1), Cenomanian-

Turonian (OAE2), and Coniacian-Santonian (OAE3). Black shales of OAE2 are critical, in part,

for understanding the mechanisms driving the climate and ocean systems during the period of

extreme warmth. Traditionally two main environments are considered for OAE2 black shale

formation: stagnant basins and upwellings.

The signs of this event are recorded in sediments in the West, Central and East remote

areas of Mediterranean. Similar rocks are found in the sections of Mountain Crimea and

Northern-Western Caucasus [1,2].

The most information on the differences in the accumulation conditions of black shale layers

and host rocks (limestones and marls) could be obtained from the study of distribution of

individual elements with different mobility, as well as groups of elements - lithophilic,

chalcophilic, siderophilic. Very informative is the group of rare earth elements (REEs). Each

group characterizes the various aspects of sediment accumulation, and comprehensive

approach increases the validity of conclusions.

In the present study, comparative investigation of cross-sections from the South-Western

part of Mountain Crimea (Aksudere and Selbukhra), and cross-sections of Great Caucasus

(Novorossiisk-Lazarevskoye zone), was carried out. Information on the substantial composition

of rocks was obtained, including data on total and organic carbon, macro- (CaO, MgO, Fe2O3,

TiO2, MnO, P2O5, S) and microcomponents (Ba, Co, Cr, Cu, Ni, Li, V, W, Sr, As, Sc, Y, REEs,

as well as Ag, Au, Pt, Pd, Se). The analytical procedure developed was based on ICP-AES and

ETAAS determination after microwave decomposition of samples. For REEs determination,

preliminary cation-exchange separation on Dowex AG 50W-X8 was used. For noble metal

preconcentration, the chelating sorbent POLYORGS IV was applied.
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2. Experimental

2.1. Instrumentation

A CEM MARS5 microwave digestion system equipped with temperature and pressure

regulation through a sensor vessel was used for the mineralization of the samples. The sample

carousel was capable of holding 12 TMF PTFE digestion vessels (XP-1500 Plus) with a

capacity of 100 ml. The maximum working pressure and temperature in the vessels were

adjusted to 17.2 bar (250 psi) and 190oC, respectively. Ramp to temperature - 10 min, holding

at temperature - 10 min.

Atomic emission determination of macro- and micro components was carried out using

ICP-AES spectrometer IRIS Intrepid II XDL (Thermo Electron) with CID detector; the

wavelength range was 165-1050 nm. Autosampler Cetac ASX-520 was used to introduce the

solutions into the source. The instrument operating conditions are listed in Table 1. Analytical

lines used for the analyte determination are given in Table 2.

Table 1 Operating parameters for the ICP-AES IRIS Intrepid II XDL

ICP RF power 1150 W

Nebulizer gas flow - 0,72 L min-1

Auxiliary gas flow - 0,5 L min-1

Pump rate 100 rpm -1,80 mL min-1

Rinse time - 90 s

Table 2 Analytical lines used for ICP-AES determination

Element Analytical line, nm Element Analytical line, nm

As 193.759 (173) * Mn 257.610 (130)

Al 396.152 (85) Mo 202.030 (165)

B 208.959 (161) Na 818.326 (41)

Ba 455.403 (74) Nd 386.333 (87)

Ca 317.933 (105) Ni 231.604 (145)

Ce 418.660 (80) P 214.914 (156)

Co 228.616 (147) Pr 410.072 (82)

Cu 327.396 (102) S 182.034 (184)

Dy 369.481 (97) Se 196.090 (171)

Er 369.265 (91) Sc 361.384 (93)
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(Table 2 continued)

Element Analytical line, nm Element Analytical line, nm

Eu 381.967 (88) Sm 359.260 (260)

Fe 237.373 (142) Sr 460.733 (73)

Gd 335.047 (100) Tb 350.917 (96)

Ho 345.600 (97) Ti 323.657(104)

K 766.491 (44) V 292.402 (115)

La 408.672 (82) W 224.845 (149)

Li 670.784 (50) Y 324.228 (103)

Lu 261.542 (128) Yb 328.937 (102)

Mg 285.213 (118) Zn 213.856 (157)
* In brackets is given the order of the spectrum.

Atomic absorption determination was carried out on ETAAS spectrometer «SOLAAR

MQZ» with Zeeman and D2-background correction (Thermo Electron). The instrument operating

conditions and analytical lines used for determination of analytes are given in Table 3.

Table 3. Parameters for GF-AAS measurements (SOLAAR MQZ)

Pd Pt Au Ag Se

Lamp type, power HCL,

15 mA

HCL,

15 mA

HCL,

10 mA

HCL,

4 mA

HCL,

15 mA

Wavelength, nm 247.6 265.9         242.8        328.1           196.0

Slit width, nm 0.5 0.5            0.5             0.5              0.5

Signal measurement, s 2 2 2 3 2

Background correction Zeeman Zeeman Zeeman Zeeman Zeeman

Drying temperature, 0C 105 115 115 105 105

Drying time, s 35 30 30 35 35

Ashing temperature, 0C 700 700 700 500 1200

Ashing time, s 20 25 15 90 20

Ashing temperature, 0C 1050 1200 1000

Ashing time, s 20 10             10

Atomization temperature, 0C 2500 2500 2300 2500 2300

Matrix modifier C6H8O6,

0.1 mg L-1

Ni(NO3)2,

0.1 g mL-1
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Fig. 1. Section of boundary Senomamian-Turonian sediments Aksudere 
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3. Results and Discussion

3.1. Determination of macro- and microcomponents of black shales and host rocks
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Fig. 3. The scheme of analysis
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3.2. Determination of rare elements
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Table 9. Comparative data on the ETAAS determination of Au, Pt and Pd (ng g-1) in SRMs

SChS-1 and SRMs SLG-1 (n=3)

Element

SChS-1

(certifed

content),

ng g-1

Found,

ng g-1 RSD,% Uc(X),%

SLg-1

(certifed

content),

ng g-1

Found, ng

g-1 RSD,% Uc(X),%

Au 100�20 80�17 11.6 18,5 2500�300 2000�200 5.4 6.4

Pt* 1.3 - 2.2 2.3� 0.25 5.9 6.2

Pd* 1.2 - 2.3 2.5�0.20 4.4 4.8
* certified data are given in the SRM passport without the confidence interval

3.4. Composition of samples from cross-sections Aksudere, Selbukhra and
Novorossiisk-Lazarevskoye zone

Data on the concentrations of macro- and microcomponents in the samples from

Aksudere, Selbukhra cross-sections and Novorossiisk-Lazarevskoye zone are given in Table

10.

It can be seen that in Aksudere samples (limestone layers and black shale ones), high

content of organic carbon is present. The samples from black shale layers are enriched with Fe,

Al, S, as well as with microcomponents: As, Co, Cr, Cu, Mo, Ni, Zn, Li, W. In the samples from

Selbukhra cross-sections, the differences in organic carbon content are well-defined in black

and limestone layers, and total carbon varies from 11 to 27,3%. Black layers contain up to

10.9% of Corg, limestones - only 0.17-0.27%. Increased concentrations of S, As, Cu, Ni, V, Zn

are also observed in the black shales. In the black shale layers from cross-sections of

Novorossiisk-Lazarevskoye zone no carbonate carbon was found, whereas Corg varies from

0.64% to 10.2%. Relatively to limestones these samples are enriched with Fe, Al, Ti, P, S, As,

Co, Cr, Cu, Ni, V, Y.

REE contents in most representative samples are normalized to shale [11] and shown in

Fig. 5. One can see that REE contents in limestone samples (line 2) in all cases (excluding

Selbukhra section), are lower in comparison with the samples from black shale layer (line 1). In

addition, negative cerium anomalies are observed in some samples, which points to the

presence of minerals formed in marine water, for example, autogenic phosphates and/or fish

bones and scales.
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Table 10. Substantial composition of samples from Crimean (AD, SB) and Caucasian (K)
cross-sections

10.1. Rock-forming elements, %

AD-8 AD-9 AD-10 AD-11 AD-12 AD-13 AD-14 AD-15 AD-16

Al2O3 3.82 3.76 4.56 3.6 4.48 8.88 5.37 4.6 3.6

Cbulk 28.3 38.5 33.8 34.1 28.8 14.4 22.5 23.9 19.7
TOC 8.7 19.8 15.6 15.5 12.4 9.2 3.4 6.6 0.29

CO2 27.0 25.8 25.1 25.7 22.6 7.2 26.2 23.8 29.7

CaO 34.1 31.7 36.6 30.6 27.4 9.4 35.3 28.4 31.4
MgO 0.78 0.75 0.93 0.75 0.89 1.67 1.12 0.88 0.72

Fe2O3 1.77 1.48 1.78 1.75 1.77 6.75 2.22 2.07 1.36

TiO2 0.19 0.19 0.25 0.18 0.24 0.49 0.26 0.39 0.21
Na2O 0.58 0.52 0.55 0.44 0.44 0.44 0.41 0.6 0.7

MnO2 0.03 0.03 0.04 0.03 0.03 0.06 0.36 0.03 0.06

P2O5 0.11 0.12 0.18 0.13 0.17 0.18 0.15 0.11 0.14

S 0.29 1.01 0.68 1.17 0.57 0.96 0.28 0.24 0.13
N 0.29 0.7 0.54 0.54 0.41 1.04 0.14 0.24 0.04

H 1.17 2.35 1.84 1.88 1.61 10.97 0.8 1.07 0.52

SB-2 SB-3 SB-4 SB13 SB-14 SB-15

Al2O3 1.5 0.70 2.90 2.93 3.47 2.88

Cbulk 11.4 27.3 22.1 21.5 16.6 22.8
TOC 0.17 10.9 0.27 0.35 1.05 0.54

CO2 15.5 22.5 30.0 29.1 29.3 30.6

CaO 18.6 27.8 35.0 35.7 33.9 34.7

MgO 1,54 0,82 0,59 0,65 0,75 0,65
Fe2O3 2,52 2,2 0,9 1,14 1,4 0,99

TiO2 0,44 0,28 0,19 0,15 0,17 0,15

Na2O 0,27 0,1 0,6 0,5 0,47 0,45
MnO2 0,03 0,02 0,1 0,12 0,09 0,1

P2O5 0,66 0,18 0,1 0,11 0,14 0,1

S 0,03 0,27 0,015 0,022 0,33 0,027
N 0,04 0,38 0,04 0,05 0,06 0,06

H 0,56 1,48 0,47 0,44 0,54 0,5
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