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ABSTRACT

Purpose. To derive the paleo organic productivity exemplified by the pigment yield index in order to resolve the
controversy on the petroleum potentials of Nkporo and Awi Formations in Calabar Flank, Southeastern Nigeria.

Methods. Twenty outcrop samples each from Nkporo and Awi Formations in Calabar Flank, Southeastern Nigeria
were analysed for total organic carbon, soluble organic matter and pigment richness by Walkley Black method,
soxhlet extraction and column chromatography in order to derive the pigment yield index associated with paleo
organic productivity which is needed to assess the petroleum potential.

Findings. The geochemical analysis results of the total organic carbon, soluble organic matter, pigment richness
showed that the outcrop samples had organic matter and hydrocarbon above the threshold required for petroleum
generation and that the samples were deposited in predominantly anoxic setting.

Originality. The results of the organic carbon (TOC) for Nkporo Formation — 1.51 to 4.30%; Awi Formation —
0.75 — 6.40%; soluble organic matter (SOM) Nkporo Formation — 110.5 to 4550.0 ppm and Awi Formation —
288.50 — 2664.25 ppm attest to the above threshold petroleum potential. Ni/Ni + VoP ratios for both Nkporo and Awi
Formations < 0.5 to > 0.6 showed anoxic, paralic and oxic settings, though predominantly anoxic, excellent for
organic matter preservation. Pigment yield indices of 5.88 and 5.58 equally depicts high petroleum potentials for the
two Formations.

Practical implications. These results can be used to assess the paleo bioproductivity which is primary in petroleum
generation, and in the resolution of controversies in the comparative assessment of two or more basins or formations.
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1. INTRODUCTION

The series of exposed sedimentary sequences from the
Cretaceous to Tertiary basins of Southern Nigeria ob-
served from road cuts or from sections exposed through
gully erosion or quarries are characterized by diverse
features which reflect changing depositional conditions
and the complex interplay of sedimentation and tectonics
(Essien, Ukpabio, Nyong, & Ibe, 2005). Thus, studies of
these outcrops provide sufficient data for the evaluation of
parameters that may be used for the geochemical interpre-
tation of the conditions that prevailed before and during
their deposition (Demaison & Moore, 1980).

Numerous studies have been carried out on these
exposed sedimentary sequences from the Cretaceous to
Tertiary basins in Calabar Flank, Southern Nigeria. For
example, (Edet & Nyong, 1994) used palynoflora to
reconstruct the paleobiogeography of Nkporo shales

environment using microscopic examination of mio-
spores. This may not have reflected the true paleobio-
geography because of the possibility of the observed
flora existing somewhere else and probably transported
after death to the basin of deposition (allochthonous).
Consequently, the integration of some geochemical
information into the geological framework provided a lot
more information. Essien, Ukpabio, Nyong, & Ibe
(2005); Ekpo et al. (2013) and Ibe & Osabor (2014) have
employed the geochemical approach in the assessment of
the paleoenvironment, petroleum potential and recon-
struction of the sedimentation pattern of the sedimentary
formations of the Calabar Flank. However, there appear
to be some conflicting reports on the results of the
assessment of the petroleum potentials of the Campano-
Maastrichtian and Aptian-Albian Formations, Nkporo
and Awi Formations. Essien, Ukpabio, Nyong, & Ibe
(2005) reported Nkporo Formation as having a higher
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petroleum potential than Awi Formation while (Ekpo et
al., 2005) reported Awi Formation as having a higher
petroleum potential than Nkporo Formation. Which of
the two has the higher petroleum potential is the object of
controversy by the different workers.

We have attempted here to reconstruct and use the
paleo organic productivity exemplified by the pigment
yield index to resolve the controversy.

2. DESCRIPTION OF THE STUDY AREA

2.1. Location

The region known as the Calabar Flank was first
recognized as the area covering Southern Nigeria sedi-
mentary basin characterized by NW — SE trending crustal
block faults (Murat, 1972). This was later modified and
the structural location of the area was defined as being
bounded by the Oban Massif in the north, the Calabar
hinge line in the south and the Cameroun volcanics in the
east. To the west, a NE — SW trending fault delineates
the extent of the Calabar Flank and separates it from the
Ikpe platform and adjacent basins of the southern Benue
Trough (Fig. 1) (Nyong & Ramanathan, 1985).

Nigeria

Cameroon

Gulf of Guinea
== Calabar flank

Il Cameroon volcanics

Figure 1. Structural and location map Calabar Flank and
adjacent basins of the southern Benue Trough
(adapted from Nyong & Ramanathan, 1985)

The Calabar Flank represents the northern most ex-
tension of a series of continental margin-sag basins, such
as those of Cameroun, Gabon, Congo and Angola, which
lie along the South Atlantic; possess similar NW — SE
trending basement horst and graben structures (Reijers &
Petters, 1987); which were initiated during the late Juras-
sic-Early Cretaceous rift phase prior to the final separa-
tion of Africa from South America (Reyment, 1980;
Reyment & Dingle, 1987).

2.2. Sedimentation and stratigraphy

For most of the depositional history of the area, the
Ikang Trough was an intracratonic mobile depression
which accumulated mostly shales while the Ituk high, a
relatively stable submarine platform, received predomi-
nantly limestone (Murat, 1972; Reijers & Petters, 1987).

According to (Nyong & Ramanathan, 1985), the Ca-
labar Flank contains about 1000 m of Cretaceous sedi-
ments in outcropping sections. A comprehensive strati-
graphic sequence (Fig.2) compiled from (Adeleye &

Fayose, 1978; Ramanathan & Kumaran, 1981; Petters,
1982), presents the following succession:

— Basal fluvio deltaic grits and sandstones of the Awi
Formation (Aptian-Albian);

— Limestones and calcareous sandstones of the Mfa-
mosing Formation (Mid-late Albian);

— Alternating limestone and shales of the Odukpani
Formation (Cenomanian);

— Shales and marls of the Eze-Aku Formation (Tu-
ronian);

— Marls of the Awgu Formation (Coniacian);

— Carbonaceous shales of the Nkporo Formation
(Campanian- Maastrichtian).

Litho-
stratigraphy

Chrono-
stratigraphy

Maastrichtian Nkporo shale
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Figure 2. Lithostratigraphic succession on the Calabar flank

3. MATERIALS AND METHODS

The shales were collected from out-crops along Cala-
bar-Odukpani Road and Calabar-Itu Highway as specifi-
cally indicated in the location map of the study area
(Fig. 3). The weathered surfaces were dug out and sam-
ples collected at depths of 0.5 to 1.0 m with the help of a
digger (Grosjean, Adam, Connan, & Albrecht, 2004).
Precautions on the use of digger and spade were adopted.
The samples were freeze dried before pulverizing and
sievingto 200 mesh (0.04 pm).
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basin
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Post-cretaceous
[} Campanian-maastrichtian (Nkporo shale)
=24 Basement (Oban massif)
===} Aptian-turonian/coniacian
(Asu river group, Odukpani Fm., Eze Aku/Awgu Fms.)

Figure 3. Geological map of the Calabar Flank showing
sample location



K. Ibe, C. Ogwuche. (2018). Mining of Mineral Deposits, 12(3), 113-118

3.1. Extraction of soluble organic matter

300 g of the sieved samples were placed in a thimble in
a soxhlet extractor and extracted for 48 hours with re-
distilled acetone and methanol (9:1 v/v) (Hodgson, Flores,
& Baker, 1969). This process was precluded from sunlight
with black curtains over the windows of the laboratory;
essential precaution taken when dealing with porphyrins.

The extract was first quantified before been chro-
matographed on silica gel activated at 120°C for two
hours. The nickel porphyrins were recovered through
elution with 50% dichloromethane in hexane while the
vanadyl porphyrins were recovered with 100% di-
chloromethane (Wignal & Twitchet, 2002). Purification
was attained by repeated chromatography over neutral
alumina developed with benzene in cyclohexane (Frac-
tionation was carried out fairly rapidly to avoid the possi-
bility of generating artifacts since deoxophylloerthroeti-
oporphyrin (DPEP) undergoes hydroxylation at the isocy-
clic ring during chromatography on silica gel (Essien,
Ukpabio, Nyong, & Ibe, 2005). The solvent for each
fraction was carefully removed in a rotatory-evaporator.

Samples were dissolved in dichloromethane and ana-
lyzed using HACH DR 3000 SPECTROPHOTOMETER
ULTRAVIOLET VISIBLE in a quartz cell (1 cm path
length). Concentrations were calculated using the Beer-
Lambert formula. Molar extinction coefficients of 26.14
and 34.82, at wavelengths of 571 and 551 nm for vanadyl
and nickel porphyrins respectively (Moldowan, Sundara-
raman, & Schoell, 1986).

3.2. Determination of the total organic carbon (TOC)

The total organic carbon was evaluated by the method
of (Walkley & Black, 1934). The crushed sample (1.0 g)
was placed in a 500 ml flat bottomed flask and 1 N or
0.17 M potassium heptaoxodichromate (vi) (10 cm?) was
added to it followed by the addition of concentrated
tetraoxosulphate (vi) acid (20 cm®) through two different
burrettes to oxidize the organic material. The mixture
was swirled for about a minute for intimate mixing and
allowed to stand for about 30 minutes.

After 30 minutes, the solution was diluted with dis-
tilled water (200 cm®). 85% syrupy tetraoxophosphate (v)
acid was added to prevent the iron (iii) ions, which are
formed in the course of titration of iron (ii) salt from oxi-
dizing the diphenylamine prematurely. Sodium fluoride
was added immediately to bind the refractory metals like
calcium, magnesium etc. The solution was titrated with
0.5N (0.25 M) ferrous ammonium tetraoxosulphate (vi)
solution after the addition of diphenylamine indicator.
The colour changes were greenish brown to blue-black
and then bright green at the end point.The percentage
organic carbon was calculated using the equation below:

T

% organic carbon = IO(I—EJ-F , @)

where:
T — sample titration;
S — standard or blank titration;

F — factor derived as follows F = w,
4000 w
where:

W — weight (in grams) of crushed sample used.
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4. RESULTS AND DISCUSSION

The values of the total organic carbon content
(% TOC), solube organic matter, nickel & vanadium
porphyrin concentrations and the pigment yield indices
are shown on Table 1 while the variation of pigment
yield index with the depositional settings are shown on
Figures 4 and 5.
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Figure 4. Pigment yield index versus depositional setting of
Nkporo Formation
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Figure 5. Pigment yield index versus depositional setting of
Awi Formation

4.1. Organic richness and depositional setting

The % TOC values of 1.51 —4.30% for Nkporo shale
samples depicts a very good organic carbon accumulation
and the % TOC values of 0.75 — 6.44% for Awi formation
equally showed that it has very good potential for hydro-
carbon generation. Both are very well above the lower limit
of 0.5% by weight of organic matter which is equivalent to
about 0.4% by weight of organic carbon generally believed
to be required for petroleum generation before expulsion
can be effected (Stein, Rullkotter, Kalkreuth, & Welte,
1987). It should be noted that low concentration of organic
carbon favours dispersion rather than accumulation.

The soluble organic matter of Nkporo shales ranges
from 110.5 —4550 ppm. Most of the sampled shales of
this formation are above the known minimum of 500 ppm
required for commercial amount of hydrocarbon genera-
tion and have high SOM/TOC ratios. The rocks of Awi
Formation have SOM values ranging from 288.50 —
2664.25 ppm equally having most of the samples above
500 ppm minimum earlier stated to be the requirement for
commercial generation of petroleum; and have high
SOM/TOC ratios as well, though the values of the ratios
are comparatively lower than those of Nkporo formation.
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Table 1. Results of the analyzed geochemical parameters

Sample o SOM, VoP, NiP, NiP/

name/No. % TOC ppm SOM/TOC ppm ppm NiP + VoP PYI
Nkporo 1 2.76 360.00 130.43 20.45 40.84 0.67 1.70
Nkporo 2 3.86 1070.00 277.20 15.34 23.50 0.60 0.78
Nkporo 3 3.01 825.00 274.09 100.32 101.36 0.50 6.07
Nkporo 4 2.94 927.00 315.31 111.20 79.73 0.73 5.61
Nkporo 5 2.74 2908.00 1061.31 80.57 107.49 0.57 5.15
Nkporo 6 1.51 576.00 381.46 30.52 40.65 0.57 1.07
Nkporo 7 3.23 1065.00 329.72 50.31 87.43 0.63 4.45
Nkporo 8 3.10 727.00 234.52 274.00 109.54 0.29 11.89
Nkporo 9 2.74 1672.00 610.22 114.23 19.62 0.15 3.67
Nkporo 10 3.23 2284.00 707.12 79.51 60.72 0.43 4.53
Nkporo 11 3.10 757.60 244.39 135.10 36.00 0.21 5.30
Nkporo 12 3.68 2850.80 774.67 180.93 62.86 0.26 9.00
Nkporo 13 4.30 573.00 133.26 114.30 103.57 0.48 9.40
Nkporo 14 2.79 842.50 301.97 380.50 86.35 0.18 13.04
Nkporo 15 2.37 303.30 127.97 10.10 205.62 0.95 5.11
Nkporo 16 3.11 110.50 35.53 20.89 40.45 0.66 1.91
Nkporo 17 1.78 4550.00 2500.00 131.69 92.04 0.41 4.00
Nkporo 18 2.60 4212.50 1620.19 243.62 14.78 0.06 6.72
Nkporo 19 3.34 1704.00 510.18 276.76 50.47 0.15 10.92
Nkporo 20 3.22 2277.00 707.14 179.00 44.62 0.20 7.20
Awi 1 1.45 288.50 198.97 16.44 32.60 0.66 0.71
Awi 2 1.99 589.00 295.95 40.05 7.07 0.15 0.94
Awi 3 6.44 2520.00 391.30 171.40 30.24 0.15 12.94
Awi 4 6.41 2164.50 337.68 123.37 8.66 0.07 8.46
Awi 5 6.12 2420.50 395.51 137.90 273.50 0.66 25.18
Awi 6 2.32 875.50 377.37 10.51 59.53 0.85 1.63
Awi 7 5.56 2200.50 395.77 149.63 26.41 0.15 9.79
Awi 8 2.33 1532.33 657.65 6.13 87.34 0.93 2.17
Awi9 2.89 2569.50 889.10 146.43 30.83 0.17 5.12
Awi 10 4.60 1503.75 326.90 85.71 169.84 0.66 11.76
Awi 11 4.26 1361.90 319.70 77.63 16.34 0.17 4.00
Awi 12 1.92 2664.25 1387.63 151.84 31.97 0.17 3.53
Awi 13 4.40 1632.75 371.08 93.07 184.50 0.66 12.21
Awi 14 2.72 1129.67 415.32 76.82 13.56 0.15 2.46
Awi 15 2.32 2120.75 914.12 120.88 8.48 0.07 3.00
Awi 16 1.94 754.30 388.81 43.00 85.24 0.67 2.50
Awi 17 1.65 905.00 548.48 51.60 102.27 0.66 2.54
Awi 18 2.67 1001.50 375.09 12.02 65.10 0.84 2.06
Awi 19 1.35 468.00 346.67 31.82 5.60 0.15 0.51
Awi 20 0.75 150.35 200.47 10.22 1.80 0.15 0.09

The depositional environmental indicator, Ni/Ni +
VoP ratios for both Nkporo and Awi formations show
predominantly anoxic setting (<0.5) with few paralic
(£0.6) and oxic (> 0.6) settings. The inferences from the
above information are in agreement with the works of the
previous authors already sited in the introduction.

4.2. Pigment yield index

The demise of tetrapyrrole pigment with increasing
depth, or geologic age, within a profiled sediment appar-
ently indicates a major pathway of chlorophyll diagenesis.
In regions where the sediment-water interface is below
the photic zone, the initial form of tetrapyrrole input is
pheophytin. Loss of pheophytin, and its derivatives is
apparently controlled by oxidation in the water column
and at the sediment/water interface and by establishment
of a negative Eh with burial (Baker & Louda, 1980).

Yield of tetrapyrrole pigment, as a component of the
organic carbon fraction, is traced by the generation of a
pigment yield index, PYI, obtained by normalising the
pigment yield with the percent total organic carbon. Re-
lating pigment yield to the organic carbon content of
sediment, especially on a dry weight basis, now allows a
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much easier method in tracing trends and even rates of
pigment loss from the fossil record.

Both the Nkporo and Awi Formations samples have
sufficient pigment yield indices, greater than 4 which
depicts sufficient tetrapyrolepreservation (Didyk, Simo-
neit, Brassel, & Eglinton, 1978). The shale samples of
Nkporo Formation had mean pigment yield index,
5.88 +0.35 while the samples of Awi Formation had pig-
ment yield index of 5.58 £0.30. This preservation may
have been possible because of the sufficient anoxic set-
tings (Table 1 and Figs. 4, 5). Therefore, from the point of
view of tetrapyrole preservation both have almost equal
potentials for the generation of petroleum with maturity.

However, rapid sedimentation, reducing conditions,
and sediment stability lead to a reduction-thermal stress
pathway wherein DPEP-porphyrins are generated
and then thermally altered to yield transalkylatedmetallo-
DPEP-etio mixtures. Conversely, sediment reworking,
oxic conditions, and input of coarse-grained sediment
leads to initial formation of oxidized tetrapyrroles, such
as purpurins and the chlorin-e and -p series, followed by
essentially complete removal from the fossil record by
presently unknown mechanisms (Baker & Louda, 1980).
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5. CONCLUSIONS

The Nkporo and Awi sedimentary samples analysed
for this study revealed potential hydrocarbon pools from
the results of basic geochemical parameters in agreement
with previous workers. With the pigment yield indices of
5.88+0.35 and 5.58+0.30 for Nkporo and Awi for-
mations respectively, both have sufficient paleo bio-
productivity which placed them on almost equal status of
petroleum generation potential.
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PEKOHCTPYKIISA NEPBUHHOI OPT AHIYHOI TPOJIYKTUBHOCTI KAMIIAHO- _
MAACTPUXTCBKHUX CJTAHIIB Y HKITOPO TA AIITCBKO-AJIbBCBKHUX ABI ®OPMANIN
B KAJIABAP ®JIAHK I3 BUKOPUCTAHHSM KOE®IIIEHTA BUAIJIEHHSA INITMEHTY

K. I6e, K. OrByue

Merta. OniHka najgeoopraHiqyHoi MPOAYKTHBHOCTI KaMIlaH-MaaCTPUXTCHKUX CJIAHIIB Ha OCHOBI Koe(illieHTa BUi-
JIeHHs TITMEHTY U MOpiBHSAHHS HadToBOro moTeHmiany (opmarniii Hkmopo i ABi B Kamabap ®mank (IliBzeHHO-
Cxinna Hirepis).

MeToauka. /[Baaiste 3pa3kiB, BiiibOpaHux 3 Miclis BUXO/Y [TOPOM Ha MOBEPXHIO B paiioHi ¢opmariit Hkmopo i ABi
B Kanabap ®rank, nmiBaenHo-cxigna Hirepist, Oynu npoaHaiizoBaHi 3 TOUKH 30py BMICTY 3arajibHOrO BYTJICLIIO, PO3-
YHUHHOT OpraHi4HO1 MaTepii, HACHYEHOCTI MIrMEHTOM 3a IOMOMOrO MeToAuKH Youkiai bieka, ekcrpakiii B amapari
Cokcrera, KOJIOHOYHOT XpoMoTorpadii 3 METOr OTpUMaHHs KoedilieHTa BUAUICHHS MIrMeHTy. JlaHuil MOKa3HUK TOB's-
3aHUi 3 TaJIE00PraHiYHOI NPOYKTHBHICTIO Ta JJ03BOJISIE OLIHUTH HATOBHUI ITOTEHIIA.
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PesyabraTu. [€OXiMIYHUMH JOCIIKEHHSIMA BCTAHOBJIEHO, IO 3a IPOLIEHTHUM CKJIaJoM, 3pa3kd 3 ¢opmariii
Hxnopo mictsite opraniunoro Byriento (OB) Bing 1.51 no 4.30%; dopmanii Asi 0.75 — 6.4%; po34MHHOI OpraHiyHOl
matepii (POM) B 3paskax 3 ¢opmarii Hxkrmopo 110.5 — 4550 roa/mutn 1 popmarrii Aei — 288.50 - 2664.25 roa/miH, 1110
CBIIYMTH NP0 paHille 3raJlaHuii moreHnian yrBopeHHs HapTH. BusHavyeno cniBBigHomenHss Ni/Ni+ VoP B 3pa3kax 3
¢dopmaniii Hkmopo i ABi, sike cknano <0.5...> 0.6, mo cBiAYMTH PO OE3KMCHEBUX, MapajiyHUX Ta B MEHIIIH Mipi,
KHCHEBUX YMOBAaX, IO YK€ CIPHUATIMBO sl 30epekeHHs1 opraHiyHoi marepii. Benmuunn xoediuienta BUIUICHHS
mirMeHTy 5.88 1 5.58 Bka3yroTh Ha piBHO BUCOKHI IMMOTEHIIIAN yTBOPEHHSI HAQTH B 000X (POpMAIIisX.

HayxoBa HoBu3HAa. Briepiie BusiBnieHo ymMoBH (hopMyBaHHsI HadTOBOTO MoTeHIiany dpopmariii Hxkrmopo i Asi (ITiBnen-
HOo-CxinHa Hirepis) 3a BMiCTOM 3arajibHOTO BYTJIEIIIO, PO3UYMHHOI OPTaHiYHOI MaTepii, HACHYEHOCTI mrMerToM. JloBeneHo,
1110 3pa3KH, B3STI 3 MICLISl BUXO/Iy TOPOJIM Ha MOBEPXHIO, MICTSITh OLIblIIe OpraHiqHOT MaTepil i BYIJIEBOAHIB, HDK MiHIMaIIb-
Ha KUIBKICTB, siKa HE0OX1JHA JJIsl yTBOPEHHsI HATH, 1 1[0 BOHH 3JISITajIM IEPEBAKHO B OE3KUCHEBOMY CEPEIOBHILII.

IIpakTnyHa 3HaAYUMIicTh. Pe3ynpTaTn JaHOTO TOCTIIKEHHS MOKYTh OyTH BUKOPHCTaHI I OIIHKH Iajeo Oiompo-
JYKTHBHOCTI, TOJIOBHOTO NOKa3HMKAa YTBOPEHHS Ha(TH, i NPU MOPIBHAIBHIA OIIHII IBOX a00 Oinblie TeoJoTiYHUX
OaceiiHiB a00 Gopmarii.

Knrouosi cnosa: nopgipunu, xoeghiyienm euoiieHHs niemeHmy, 6i0CIOHEHHsI NOPOOU, NALCOOPSAHIUHA NPOOYKINUG-
HICMb, NOMEHYIA YMBOPEeHHS Hagmu

PEKOHCTPYKIHUS IEPBUYHON OPIT AHUYECKOM MPOAYKTUBHOCTH KAMIIAHO-
MAACTPUXTCKHX CJAHIIEB B HKIIOPO U AIITCKO-AJIbBCKHUX ABU ®OPMAILIMI
B KAJIABAP ®JIAHK C UCITIOJIb30BAHUEM KO®O®UIINEHTA BBIIEJIEHUA INI'MEHTA

K. Ube, K. OrByue

Heasn. Onenka najxeoopraHuuecKoil MPOIyKTUBHOCTH KaMIIaH-MaaCTPUXTCKUX CIIAHLIEB HA OCHOBE Ko3(¢uuneHra
BBIJICTICHUS] TIMTMEHTA JJIs1 CpaBHEHUS HePTSHOTO moTeHIMana ¢opmanuit Hkmopo m ABu B Kamabap ®mank (FOro-
Boctounas Hurepus).

Metoauka. /[Baanate 006pas3moB, B3ATHIX U3 MECTa BBIXOJIa TIOPOIBI HA IOBEPXHOCTH B paiioHe (opmarmiit Hknopo u
Asu B Kanabap ®nank, roro-soctognasi Hurepust, 6puti mpoaHaTH3UPOBAHBI C TOUKH 3PEHHUS COACPKaHMS OOIIEro yrie-
poza, pacCTBOPUMOI OPraHUYECKONW MaTEPHUH, HACHIIIIEHHOCTH MUTMEHTOM IIPH MOMOIIM MeToauku Youknu biska, ske-
Tpakuuu B anmapate Cokciiera, KOJOHOYHON XpOMOTOrpaduu ¢ 1enbio noxydeHus KodpuuuenTa BplieeH!s MU MeH-
Ta. JlaHHBII MOKa3aTelb CBSI3aH C Male00PraHN4eCKO MPOYKTHBHOCTBIO, U ITO3BOJISIET OLEHUTh HE(TSIHON MOTEHINA.

Pe3yabraTbl. [[€OXMMHUUECKHMMH HCCIIEIOBaHUSIMHU YCTAHOBJICHO, YTO IO MPOLIEHTHOMY COCTaBy, 00pa3ubl u3 ¢op-
Maru Hkropo cogepkar opranmdeckoro yriepoaa (OY) ot 1.51 mo 4.30%; dopmarun Asu 0.75 — 6.4%; pacTBopH-
Mo# opranudeckoil marepun (POM) B oOpasnax n3 ¢opmanmu Hxmopo 110.5 —4550 uw/mnue n dopmanuu ABu —
288.50 — 2664.25 u/MiH, YTO CBHIETENIBCTBYET O paHee YINOMSHYTOM HOTeHIMaide oOpa3oBanusi Hedru. OnpeneneHo
cootrHomeHne Ni/Ni+ VoP B o6pasmax u3 ¢opmarmit Hkmopo u Asm, kotopoe cocraBmio < 0.5...> 0.6, 9yTo cBuzme-
TENBLCTBYET O OECKUCIOPOAHBIX, TAPATMIECKNX 1, B MEHBIICH CTEIIEHH, KHCIOPOAHBIX YCIOBHUSX, YTO OYE€Hb OJIaronpu-
SITHO JUT COXPaHEHHsI OpTaHWYecKOi mMarepud. BenmnunHel kodddumnmenHTa BoieieHns nurMenTa 5.88 u 5.58 ykasbl-
BAlOT Ha PAaBHO BBICOKHI MOTEHIMAT 00pa3oBaHus HePTH B 00eux GpopMaIusx.

Hayunasi HoBu3Ha. BriepBblie BbIsiBIIeHBI ycioBusi GopmupoBanusi HedrsiHOro norenimana ¢opmaiuii Hkropo u
ABu (FOro-Bocrounass Hurepus) mo comepxaHnio OOIIEro yriepojaa, pacTBOPUMOW OPTaHMYECKOW MaTepHH, HACHI-
IIEHHOCTH MUTMEHTOM. [l0Ka3aHo, 4TO 00pasLibl, B3SATHIE U3 MECTa BBIX0/1a TIOPO/Ibl Ha IOBEPXHOCTh, COAEPIKAT OOJIbIIE
OpPraHUYecKOW MaTepuu U YIIIEBOJOPOJIOB, YeM MUHHMAJILHOE KOJMYECTBO, KOTOPOE HEOOXOAMMO Iyl 0Opa3oBaHUs
HeTH, ¥ YTO OHM 3aJIerall MPEUMYIIECTBEHHO B OECKUCIOPOJAHON Ccpefe.

IpakTHyeckasi 3HAYUMOCTH. Pe3ysIbTaThl JaHHOTO MCCIIEOBAHUSI MOTYT OBITh MCIIOJIL30BAHBI ISl OLIEHKH Hajieo
OMOTIPOYKTHBHOCTH, TJIABHOTO IIOKa3aTeis 00pa3oBaHMs HETH, U MIPU CPABHUTEIBHON OIIEHKE JBYX WJIM Ooiiee reo-
JIOTHYEeCKUX 0acceiHOB WM (hopMarIui.

Knrouegvle cnosa: nopdupunsi, kosppuyuenm evioeneHus nueMeHma, oOHaM0CeHUs NOPoObl, NANEO00PSAHUYECKAS.
NPOOYKMUBHOCHb, NOMEHYUAL 00pa306anus Hedpmu
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