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The present work is a continuation of investigation into Upper-Jurassic
black shales whose samples have been taken from the Khodzhaipak for-
mation (southwestern Uzbekistan) by the Geological Production Asso-
ciation 'Uzbekneftegazgeologiya’. These shales have been first referred
to in [1]. In this paper, the thermooxidative and oxidative destruction
of Khodzhaipak black shales has been presented. Up to that time, the
above destruction methods were used to investigate the region’s oil
shales only [2—4]. The respective researches have been reviewed in [3].

Thermooxidative destruction

Borehole samples from three deposits (Table 1) were subjected to thermo-
oxidative destruction using an OD-102 Q-1000 derivatograph in air stream
(conditions see in [3]), treated first with HCl1 and then with organic
solvents to remove bitumoids A and C [1]. The former give DTA curves
with three exothermal effects with maxima in the range of 335—340,
410—435 and 450—470 °C, differing from each other mainly in the
capacity of the middle exothermal effect. The latter differs from the
former in the absence of the middle exoeffect on the DTA curve (Fig. 1,
173* and 116%).

On the DTA curves for some of the HCl-treated black shale samples
the endothermal effects of carbonates decomposition were observed
(715—760 °C). After treatment of samples with 10 9% HCI according to
Stadnikov, they completely disappeared (173%%). At the same time, the

Table 1. Geological characteristics of black shales [1]
Tab6ruya 1. Teonoruyeckas XapaKTePUMCTHKA 4YePHBIX ciaaHmes [1]

Borehole Sample Sampling Field determination

No. No. depth, m

2 182 ; 2715.0 Calcareous carbonaceous shale of argillite di-
mensions

2 179 2739.0 The same

6-p 177 2786,0 o %

6-p 170 2795.5 Carbonaceous calcareous shale of argillite di-
mensions

2-p 173 3123.0 Carbonaceous shale of aleurite dimensions

2-p 116 3125.5 The same

* Boreholes: 2 — Baishirin, 6-p — Markovskaya, and 2-p — Kapali.
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Fig. 1. DT A-curves of HCl-treated (without an asterisk) and debitu-
minized (with an asterisk*) Khodzhaipak black shale samples as
well of those treated additionally according to Stadnikov (**) (num-
bers of samples see in Table 1
Puc. 1. Kpussle [ITA npo6 4epHBIX claHIEB XOIKaUIAKCKOH CBHUTEHL,
o6paborarrsiex HCl, 3aTeM Ae6uTyMOMAUPOBAHHEIX (0003HAUYEHEI 3BE3-
IOYKOH *) M JOTMOJHUTEeNbHO obpaboTaHHBIX mo CramHukoBy (0603Ha-
yeHBl ABYMS 3Be3joukaMu*¥) (Homepa mpo6 cm. B. Tabm. 1)

Table 2. Mass losses by derivatograpic analysis of black shales (designation
as in Fig. 1)
Ta6auuya 2. IloTeps Macchl IPH AepuBaTorpaduyeckoM aHAJH3e YEPHBIX CIAAHIEB
(oGo3HaYeHMA CM. B MOANMHCH K puc. 1)

Sample Exothermal period Endothermal period
No.
Total, mg 1st effect, % Remaining (CO 2)3‘4, %
effects, %
182 11.9 1% 83 0
179 9.9 18 82 0
177 10.0 29 71 4.0
170 9.8 21 79 1.8
173 14.0 224 76 10.6
173% 8.2 20 80 13.1
173%* 12.3 19 81 0
116 9.8 20 80 not determ.
116% 5.7 18 82 9.5
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maxima of exoeffects were formed at lower temperatures, i. e. the mor-
phology of an exothermal part of the DTA curves of black shales
depends on the presence of both bitumoids and carbonates.

Mass losses during the formation of the first exoeffect of the black
shale samples investigated ranges from 17 to 29 % (Table 2) and it is
insignificantly lower for the debituminized samples (173* and 116%).
Judging by the difference in the total mass loss for samples 173 and 116
prior to and after extraction, viz. 14.0 as against 9.8 and 8.2 as
against 5.7 9%, respectively, high amounts of bitumoids are removed
by extraction of Khodzhaipak black shales. The data obtained indicate
that the exothermal effects observed only by thermal oxidation of HCI-
treated black shale samples not subjected to extraction belongs to bitu-
moids. After removing the latter, the exothermal effects are formed
only on account of the kerogen and pyrite of black shales.

Oxidative destruction

The oxidative destruction of debituminized black shale samples 173
and 116 was carried out by KMnO; in alkali medium at 60 °C for 1 h,
at room temperature and at 95 °C (oxidation and analysis conditions
see in [3]). In the products of oxidative destruction carried out at room
temperature and 60 °C, aliphatic mono- (C¢—C3i, Cs at most) and dicar-
boxylic acids (C4—Cs, Cs at most) were identified in low amounts. The
benzenecarboxylic acids (BCA) obtained at 60 °C and at room tempera-
ture are practically similar in composition, differing in this respect from
the acids formed under hard oxidation conditions at 95 °C. At the same
time low-basicity BCA are more abundant than the high-basicity ones.
For the formation of the latter hard oxidation conditions are required.

Discussion

Although samples 116 and 173 were taken almost at the same depth
(borehole 2-p, Kapali deposit), they differ considerably in mineral com-
position, as well as in the yield of bitumoid A [1]. The difference in BCA
composition of the products of destruction taking place at 95 °C is less
significant (Fig. 2). Unlike low-deposited Dzham oil shale [4], both the
above shales are characterized by the predominance of benzenepenta-
carboxylic and mellitic acids among those formed.

The presence of high-basicity BCA in the oxidative destruction pro-
ducts of Suzak oil shales is attributed to the diagenetic aromatization
of the starting sapropelic material in HyS medium [3]. The same applies
to the sulphurous black shales investigated. As to the starting bioma-
terial, it is known that in the Callovian-Oxfordian almost on the entire
territory of the Afghan-Tayik depression marine, mainly carbonate
sediments [5] rich in sapropelic organic matter were formed [6]. The oil-
generating Khodzhaipak formation is in many respects similar to the
Bazhenov formation of West Siberia more thoroughly studied so far [7].

Judging by the depth of occurrence (Table 1) and recent as well as
paleotemperatures of the region [8], the kerogen of Khodzhaipak black
shales belongs to lithogenesis stage MK,—MK,, that may be indicative
of the generation of maximum amounts of oil hydrocarbons from sapro-
pelic organic matter. It has shown earlier that by apocatagenesis-initial
metagenesis, the BCA composition from sapropelic black shales [9] dif-
fers considerably from that of studied black shales, i. e. only mellopha-
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Fig. 2. The relative component composition of benzenecarboxylic
acids formed by oxidative destruction of debituminized Khodzhai-
pak black shales

Puc. 2. OTHOCHUTENbHBIH KOMIIOHEHTHEIM COCTaB GEH30JKapOOHOBBIX
KHCJIOT, 00pa30BaBIINXCHA IIPU OKUCIUTENBHOM mecTpyknuum KMnO,
IeOUTyMOUIUPOBAHHEIX YEPHBIX CHAHIEB XOMKAUIAKCKOH CBUTHI

nic, benzenecarboxylic and mellitic acids are present, while the predo-
minance of the latter is noticeable.

The main exoeffect of thermooxidation for highly metamorphosed
black shale is observed (a maximum at 565—615 °C [9]) at higher tem-
peratures than for Khodzhaipak black shales (Fig. 1). If the pyrite
content of highly metamorphosed black shales is high, then the exo-
thermal effect of pyrite (a maximum at about 450 °C) appears sepa-
rately from the peaks of kerogen thermooxidation. As the pyrite and
kerogen contents of Khodzhaipak black shales are almost similar [1],
the second exothermal effect of debituminized samples with a maximum
at 410—460 °C may be definitely considered the result of a joint ther-
mooxidative destruction of kerogen and pyrite.

The influence of pyrite should not be neglected also by formation
of the first exothermal effect observed in model experiments with
the mixtures of brown coal and pyrite [10]. A comparison of DTA
curves showed that the maxima of exothermal effects (at 255—300 and
325—380 °C [3, 4]) for Suzak oil shales are in the region of lower tempe-
ratures than for Khodzhaipak black shales (at 320—340 and 410—460 °C)
that is indicative of the higher degree of catagenetic transformation of
deep-deposited black shales.

Conclusions
1. The composition of the benzenecarboxylic acids formed by oxida-

tion, as well as the morphology of DTA curves of thermooxidative des-
truction of debituminized Khodzhaipak black shales allows establish-
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ment of the higher degree of catagenetic transformation as compared
with Suzak oil shales of Uzbekistan. i

2. The possibility of determining the presence and an approximate
content of bitumoids in Khodzhaipak black shales has been established.

PE3IOME

IlpescTaBIeHbl CBEJEHHS O TEDPMOOKMCJIUTENbHOU (ZepuBaTorpad OJL-102 Q-1000
B TOKe BO3[yXa) M OKMcAMTeabHOH gecrpykuuu (KMnOs B mIiesouHO# cpene,
B TeueHue uyaca upu 60 °C u ucuepnwBaromie npu 95 °C) uepHEIX ciaHIEeB XOJ-
JKAUMAKCKON CBUTHl, XapaKTePUCTHKA KOTOPBIX mpuBeieHa B Tabia. 1. Mopdo-
snorus kpusBsiX [ITA TepmookucieHus (puc. 1) u JaHHBIE O IIOTEPE MacChl BO BpeMs
TepMOOKHCIeHHA (Tabi. 2), a TakiKe cocTaB 00OpasoBaBIIMXCA GeH30JKapOOHO-
BBIX KHCJOT (puc. 2) AeOuTyMOMJUPOBAHHBIX XOMIKAWIAKCKMX YEPHBIX CJIAHIEB
[IO3BOJISTIOT YCTAHOBUTh HMX OOJBIIYI0O KaTareHEeTHYeCKyI0 IIPeBPAIeHHOCTh IIO
CPaBHEHHIO C Cy3aKCKHMH FODIOUMMU CIaHIAMH Y36exucraHa. Y CTaHOBJIEHO, ITO
nepuBaTorpaduUeCKUil aHAIW3 JaeT BO3MOXHOCTL OIPEAENUTH Haludue U IPH-
MepHOe CoJepsKaHue GUTYMOHJOB B M3YUYEHHBIX YEPHHIX CIaHIaX.

REFERENCES

1. Bondar E. B., Kuusik M. G., Bityukov M. M., Svetozarsky E. A. Geochemical
peculiarities of Upper Jurassic Khodzaipak shales of South-West Uzbe-
kistan // Oil shale. 1989. V. 6, No. 3. P. 217—227.

2. Ezopvkos A. H., Hosax f., Yanex A. O30HUPOBaHUE CJIAHIA MECTOPOMKACHUS
Yprabynak // Xumusa TB. Tomamsa. 1985. Ne 1. C. 108—111.

3. Veski R. E., Taal H. A., Sidorova S. M., Pobul L. Y. Investigation of Suzak
oil shales of Uzbekistan. 1. Thermooxidative and oxidative destruction //
Oil Shale. 1987. V. 4, No. 3. P. 216—228.

4. Veski R.E., Palu V. A., Sidorova S. M., Taal H. A., Pobul L. Y. Investigation
of the Dzhami oil shale of Uzbekistan. 4. Oxidative destruction // Ibid.
1989. V. 6, No. 4. P. 334—341.

5. Cagppanos T. A. TeoxuMudecKrue IPEANOCHUIKM He(DTEra30HOCHOCTH IOPCKOM
TeppureHHoi opmanuu Adrano-Tagsxukckoi Buagunsl // Teomorus HedTH
u rasa. 1988. Ne 4. C. 16—20.

6. Padrwwruna T. T., Cmaxruna A. M. Jlutonoro-hauuaibHble KpUTepuu HedTe-
Ta30HOCHOCTH KeJIJIOBEH-0KCPOPJCKOr0 KOMILJIeKca TypaHCKOX NJaAMTHEL [/
Tp. BHUTHN. 1982. Brmn. 241. C. 162—175.

7. Hyemaroe A. X. YcnoBusi (OPMHUPOBAHUA U 3aKOHOMEPHOCTH Pa3MelleHUs
JIOByIIeK He(dTH ¥ rasa B IOPCKUX oTJoxKeHusx IOro-3amagHoro Y3bexuc-

TaHa. — TamkeHT, 1986. ;
8. Axpamxodxaes A. M. Hedpts u rasa — NPOAYKTH IPeobPa3oBaHUA OPTaHHU-
yeckoro BemiectBa. — M., 1982.

9. Veski R. E., Yudovich Ya. E., Taal H. A., Sidorova S. M., Pobul L. Y. //
Investigation of the Pai-Khoi black shales // Oil Shale. 1990. V. 7, No. 2.
P. 97—104.

10. Ypmanosa A. M., Ycnenckuii B. A. TepMuyeckoe H3ydeHHe MHUHEPAJJbHBIX
npuMeceil B IPUPOAHOM yTIJepojucToM BemiecTBe // MdydyeHue dopmM HaAXO0XK-
JeHud TpuMecell B MUHepajiaX COBPDEMEHHBEIMHM KPHUCTAJJIOXUMUYECKUMH Me-
Togamu. M., 1984. C. 54—65.

Presented by J. Teder
Estonian Academy of Sciences, Received 9 May 1991
Institute of Chemistry
Tallinn,
Republic of Estonia

IIpedcrasun FO. Tedep
Hueruryr xumuu ITocTynuna B pefakuuio
Axaldemuu HAYK ScToHUU 9.05.91
2. Tannunh,
dcronckas Pecnybauka



