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DIAGENESIS AND OIL-GENERATING POTENTIAL
OF MIOCENE SEDIMENTS FROM NESTOS DELTA

By
A. TSIRAMBIDES and K. SOLDATOS
Lab. of Mineralogy and Petrology, University of Thessaloniki

Abstract: Detailed mineralogical investigation is made of Miocene argillaceous
sediments taken from onshore drilling cores in Nestos River delta in order to estimate
their degree of diagenesis and their oil-generating potential.

The 20-5, 5-2, 2-0.2 and < 0.2 um fractions from the 1780 to 3550 meter stratigraphic
interval of two wells were analysed. Some mineralogical changes with depth are detec-
table. The most abundant mixed-layer illite/smectite undergoes a conversion from 10
to about 80% illite layers over this interval. Over the same interval, discrete illite in-
creases from 15 to about 40%, while kaolinite ( + little chlorite) decreases from 50 to
5%. The IM plus IM illite polymorphs predominate.

The diagenesis stage may be characterized as early.

The temperatures to which all the examined sediments have been subjected are low
(65° to 109° C). Therefore, the dehydration of their mixed-layer clays is low. The low
hydrocarbon content of Nestos delta deep sediments is due to the limited presence of
fine clastic sediments and to the oil migration to adjacent rocks, because of the intense
tectonic activity in the studied area during Neogene and Quaternary.

INTRODUCTION

The diagenesis of argillaceous sediments has been a subject of considerable
interest during the past few decades because it might provide an explanation
for:

a. The mineralogical differences between ancient and recent sediments
(WEAVER, 1959, DUNOYER, 1970, PERRY & HOWER, 1970).

b. The potential of fine grained rocks as sources of gaseous and fluid
hydrocarbons (POWERS, 1967, BURST, 1969, PERRY & HOWER, 1972).

The intensity of diagenesis has been proved to be controlled by the tec-
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tonics, the initial fabric and composition of the sediments, as well as by the
chemical composition of the pore water.

Most of the published evidence concerning the degree of diagenesis is based
on X-ray diffractometry of clay-size fractions. [n this study the participation
of the non-clay minerals has been taken into account, too.

The progressive conversion with increasing depth of smectite into illite
through a mixed-layer phase of illite/smectite is the most significant
mineralogical change during diagenesis and low grade burial metamorphism.
In association with this change are other mineralogical changes as the decom-
position of micas, K-feldspars or kaolinite and the formation of chlorite and
quartz (DUNOYER, 1964, PERRY & HOWER, 1970, WEAVER & BECK,
1971, HOWER et al., 1976).

The purpose of this study is to examine the mineralogical variations as a
function of depth of medium and fine grained sediments from two wells that
penetrate the Neogene strata of the Western part of Nestos river delta (Fig. 1),
in order to determine their diagenesis stage and their oil-generating potential.
These strata belong downwards to Quaternary, Pliocene and Miocene.
Lithologically they are characterized by frequent alternations of con-
glomerates, sandstones, siltstones and clays with exception of the evaporite
zone in Upper Miocene-Lower Pliocene (Public Petroleum Corporation,
1977-79, TSIRAMBIDES, 1983). The examined samples come from the
Nestos Trough, cover the depth interval from 1780 to 3550 m and their age is
Middle and Lower Miocene. Since 1981, a consortium of foreign companies
extracts oil and gas from the adjacent Trough of Prinos (Prinos & S. Kavala
drilling sites) (Fig. 1).

ANALYTICAL TECHNIQUES

The samples were ground for about 3 minutes in an vibratory mill to reduce
grain size and to homogenize them. Twenty grams of each powdered sample
were subjected to chemical treatments (JACKSON, 1974) for removal of car-
bonates, organic matter and Fe & Mn oxides and hydroxides. The residues
were separated into five size fractions (»20, 20-5, 5-2, 2-0.2 and 0.2 pm) by
gravity or centrifugal acceleration and the suspensions were dried in an oven
. at 100° C. Complete dryness of them was avoided. Subsequently, oriented
glass-slides of the finer two size fractions were prepared for X-ray diffraction
study. Also, ethylene glycolated slides and randomly orented samples were us-
ed in this study for both gualitative and semiquantitative analyses. X-ray dif-
fractograms were run from 2 to 40° C 26 using Cuka radiation of a Phillips
diffractometer.

The sharpness ratio (SR) of illite, was determined using WEAVER’S (1961)
method. The crystallinity index (CI) of illite was obtained according to
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KUBLER'’S (1966) methed. Illite polymorphs were detected using MAX-
WELL & HOWER’S method (1967). The qualitative and semiquantitative
determination of all mineral phases is based on the methods of JOHNS et al
(1954), SCHULTZ (1964), PERRY & HOWER (1970) and REYNOLDS &
HOWER (1970).

MINERALOGICAL RESULTS AND DISCUSSION

The depth and the grain distribution of the analysed samples are shown in
Table 1.

The low content of all the samples in COI (Carbonates + Organics + Iron
& Manganese oxides and hydroxides) and mainly in organic matter, speaks of
an environment with a high redox potential. Thus the rate of influx of organic
matter to the site of deposition was lower than the quantity of oxygen
available to oxidize it, a condition that can be met in the turbulent environ-
ment of the mouth of a river (here Nestos).

There is an obvious predominance of the »20um fraction, while the clay size
fractions constitute less than 17% of the total sample. The clay content of all
samples reveals that they represent shallow water sediments.

The complete mineralogical results are given in Table 2. It is obvious that
there are significant mineralogical differences between the fractions of each
sample, as well as between similar fractions of different depth.

The dominant non-clay minerals in the two coarsest fractions are quartz
and feldaspars (orthoclase and plagioclase). Plagioclase predominates over
orthoclase. However, some loss of quartz is evident before 1900m in well 1.
Quartz and feldspar traces are noticed in the 2-0.2pm fraction of some
samples, too.

The total clay mineral content increases with decreasing grain size in all
samples. The dominant clay mineral in the two coarsest fractions is kaolinite.
The clay mineral phases in the finest fractions are mixed-layer illite/smectite,
discrete illite and kaolinite. Chlorite is very rare. The most abundant mineral
in the £0.2pm fraction at all depths is the mixed-layer illite/smectite.

According to OBERLIN & FREULON (1958) the large and well-
crystallized kaolinite grains is evidence for terrestrial origin. The kaolinite
reflections in all diffractograms appear very thin and sharp confirming thus
~ the presence of well-crystallized kaolinite of terrigenous origin.

A significant decrease in the abundance of kaolinite (+ chlorite) is noticed
from 50 to about 5% with increasing depth within the finest fractions (Fig. 2).
The depth interval over which a loss in kaolinite appears, coincides with the
depth interval over which there is a gain in illite from 10 to about 80% in the
illite/smectite phase (Fig. 3), as well as with that over which the formation of
some discrete illite occurs, increasing with depth from 15 to about 40% (Fig.
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4). Discrete illite, characterized as mica in the >2pum fractions, is present in all
samples. The IM plus 1M, illite polymorphs predominate in the examined
samples.

The interstratification between illite and smectite according to REYNOLDS
& HOWER (1970) standards, is ordered of the allevardite type I/S, because
the percentage of smectite layers is less than 35%.

According to HOWER et al (1976) the mineralogical and chemical varia-
tions during the different stages of diagenesis can be expressed by the general
reaction:

smectite + Al*3 + K+ = illite + Sit4

They suggested that the source of Aland K is from K-feldspar and some mica
which decompose with increasing depth. The Si that is lost from the
tetrahedral layers of the clays probably forms quartz.

No detectable progressive gain or loss of feldspar and micas is noticed with
increasing depth. The mineralogical evidence indicates strongly that the smec-
tite to illite conversion proceeds by the metasomatic or pore water introduc-
tion of K in the studied area. The most probable source of Al might be the
decomposition of kaolinite, the abundance of which decreases systematically
with depth.

Consequently, we can assume that the mineralogy of the Nestos delta
Miocene sedinents has been affected by burial diagenesis. The main diagenetic
change is the conversion of mixed-layer illite/smectite of high expandability to
an illite/smectite of low expandability. The extent of this conversion is pro-
portional to the depth of burial.

The average clay minerals composition of the analysed samples of both
wells is:

Kaolinite (= Chlorite) =21%
Discrete illite =28%
Mixed-layer illite/smectite =351%

These percentages coincide almost completely with those of worldwide
distributed silt-and claystones of Miocene (WEAVER, 1967).

EVALUATION OF NESTOS DELTA SEDIMENTS POTENTIAL
FOR HYDROCARBON PRODUCTION

Recent argillaceous sediments are relatively enriched in kaolinite and
mixed-layer clays with a high proportion of expandable layers, while Pre-
Mesozoic sediments are depleted in these phases, but enriched in illite and
chlorite (WEAVER, 1967). '
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The clay minerals in sandstones are more apt to alteration after deposition
than the clays in other rock types. These alterations can take place immediate-
ly after deposition or at any time after burial (WEAVER, 1962).

Young sediments usually contain more smectite and mixed-layer il-
lite/smectite than rocks of any other age (WEAVER, 1959).

Smectite contains more interlayer water than any other non-expanded clay
mineral. Also, a greater pressure is required to squeeze this interlayer water
from between the unit layers (MIELENZ et al., 1955). Water is presumably
necessary to remove hydrocarbons from shales and mudrocks to sanstones.
The expulsion of hydrocarbons from fine grained rocks is influenced by
several factors, as are the type of the clay minerals of the source rocks, the
degree of diagenesis, the depth and time.

To evaluate the diagenesis stage of the Nestos Delta sediments and their
potential for hydrocarbon generation, data which have been derived from this
work were combined with those of WEAVER (1961), BURST (1969), PERRY
& HOWER (1970) and FOSCOLOS & KODAMA (1974). Results are
presented in Table 3 and are summarized as follows:

a. Expandable clays are present all over the studied depth interval
(1780-3550m). However, the percentage of smectite layers in mixed-
layer illite/smectite decreases with depth.

b. No 2M illite polymorph has been detected. The IM & 1M, illite
polymorphs predominate.

c; The crystallinity index is <14mm and the sharpness ratio >1.2. A small
increase with depth is noticed in crystallinity index.

d.  Kaolinite is present all over the examined depth interval decreasing with
depth.

€. No significant decrease of micas and feldspars with increasing depth is
noticed.

On the basis of all the above data it is confirmed that the sediments of
the examined depth interval (1780-3550m) have undergone low-grade
diagenesis.

BURST (1969) has shown that, during the transformation of smectite to illite,
a dehydration process takes place which is strongly correlated with the produc-
tion of hydrocarbons. The transformation occurs at temperatures not greater
than 150° C and is accompanied by production of large amounts of water
(PERRY & HOWER, 1972). PRICE (1973) has shown that deeply burried
water at 150° C could transfer large amounts of hydrocarbons. Since the
average geothermal gradient for both wells has been estimated as 2.5° C/100 m,
the temperature range under which all the examined sediments have been sub-
mitted can be considered Iow (65° to 109° C). Therefore, the dehydration of
mixed-layer clays is low. If there were any hydrocarbons they might be attached
on clay mineral surfaces.
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Consequently, the existence of traces of gaseous and liquid hydrocarbons in
the examined area may be due to:
a. The limited presence of fine clastic sediments, which are considered
source rocks fot the formation of hydrocarbons.
b.  The migration of these products from the pelitic source rocks to adja-
cent psammitic reservoir rocks (i.e. trough of Prinos, fig. 1), because of
the intense tectonic activity at this area during Neogene and Quaternary.
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Fig. 1. - Tectonic sketch map of the studied area.
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Table I.  Depth and particle size distribution

of the analysed core samples.

Depth Sample Grain size (um)
(m) COI »20 20-5 b-2z 2-0.2 <0.2
1781 I-1 7 63 10 7 8 o)
1945 I-2 11 51. 12 ¢ 11 6
2517 I-3 6 50 17 1 " 5
3025 I-4 2 74 11 & ) 2
2568 I1I-1 13 64 10 6 5 2
2635 I1I-2 5 85 4 3 Z 1
2713 I1I-3 6 82 6 3 2 1
2714 11-3° 5 77 8 4 5 1
3077 I1I-4 -12 73 7 4 3 1
3080 II-5 8 83 2 3 3 1
3400 11-6 10 76 E 3 B 1
3545 1I-7 2 . 88 3 2 4 1

COI = Carbonates + Organics + Iron oxides
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Particle
Sample size’ (pm) Q Or P1 ¢l K«Ch I 1I/S
=1 20-5 41 9 17 33
1781m  5-2 35 7 7 51
2-0.2  tr 100 50 14 36(10)*
<0.2 100 23 13 (20)
1-2 20-5 43 10 15 32
1945m  5-2 42 9 9 40
2-0.2  tr 100 45 15 40(35)
<0.2 100 20 17 63(60)
-3 20-5 6 7 14 33
2517m  5-2 32 6 g 53
2-0.2 100 39 19 42(20)
<0.2 100 22 14 64(30)
-4 20-5 25 7 18 50
3025m 5-2 19 tr 12 69
2-0.2 100 29 28 43(20)
<0.2 100 14 30 56(20)
11-1 20-5 3% 717 4
2568m  5-2 33 6 11 60
2-0.2 100 37 28 35(10)
<0.2 100 24 22 54(20)
11-2 20-5 28 21 29 25
2635m  5-2 19 13 20 48
2-0.2 tr  tr 100 63 14 23(10)
<0.2 100 21 41 38(30)
11=3 20-~5 22 7 23 48
2713m 5-2 i7 6 12 65
2-0.2 100 68 11 21(i0)
<0.2 100 10 49 41(35)
11-3°  20-5 22 6 22 50
2714m  5-2 16 7 13 64
2-0.2 100 45 23 32(15)
<0.2 100 11 30 59(35)
11-4 20-5 28 18 54
3077m 5-2 18 1M 71
2-0.2 100 13 37 50(15)
<0.2 100 7 43 50{25)
11-5 20-5 28 15 22 35
3080 5-2 23 15 20 42
2-0.2 tr  tr 100 4 34 62(10)
<0.2 100 41 59(25)
11-6 20-5 38 6 56
3400m 5-2 35 6 59
2-0.2  tr 100 14 32 54(10)
<0.2 100 11 42 47(25)
11-7 20-5 38 18 31 13
3545m 5-2 26 18 28 28
2-0.2 tr 100 11 23 66(20)
<0.2 100 5 37 58(30)

Q=quartz, Or=orthoclase, Pl=plagioclase, cl=tot

clays, K=kaolinite, Ch=chiorite, I=illite,
I/S=mixed-layer illite/smectite.
* . smectite layers in I/S,

1

o

Table 2. - Semiquantitative mineralogical results. NESTOS I & II.
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Diagenetic  Hydrocarbons Crystallinity Sharpness I1lite in Kaolinite Depth  Temperature

stage index (mm) . ratio 1/S (%) (%) (m) (2.5°C/100m)
I 11 I 11 I 11 I 11 1 11 I 11

7 9 1.8 1.6 72 71 50 37 1781 2568 65 84

. : 9 11 3.2 1.7 13 57 45 63 1945 2635 69 86
~ o 11 13 2.3 1.5 52 52 39 68 2517 2713 83 88
: e 1 14 2.4 1.6 53 53 29 45 3025 2714 96 88

o - 12 1.5 70 13 3077 97
14 1.4 84 4 3080 97

10 1.2 81 14 3400 105

12 1.5 70 11 3545 109

Table 3.  Correlation between crustallinity index, sharpness ratio, % illite in 1/S, %
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ITEPIAHY¥H

AJATENEZLH KAI [TI®GANH 'ENEXZH IIETPEAAIOY
TON MEIOKAINIKON IZHMATQN
ATIO TO AEATA TOY NEZTOY

Amd
A. TEIPAMITIAH ka1 K. ZOAAATO
Touéac Opvktodoyiacg - Ietpoloyiag - Korrauaouaroloyiag A.J1.60.

FiveTal AETTOUEPNG OPUKTOLOYLKT] LEAETT MEIOKOLVIKGOV apylAlK®OV 1n-
LETOV TOL Mapinkav and TUPNVEG XEPOOINV YEMTPHOEMY 0TO SEATA TOV
Néatou pe oxonod va voroylotel o fabpuog Sayéveong Tov WNpatOy Kal n
mOavn YEVEOT TIETPEALIOV QUTMV.

AvaAivbnkov TEcoEpa KAQGULATA TPOoepyOpeve and PBabn 1780 péxpi
3550 pétpwv ard 800 yemtpnoels. [TapatnpolvTal LEPLKEG OPUKTOAOYIKEG
petaPorég e 1o Pabog. H mo Sedopévn piktn @aan tAditn/opek titn 1po-
nomoEiTal L avEnon Twv eOARWY AAitn ano 10 og 80%. L1o idio Siaot-
pa Babovug o kaBapog Akitng avtavel and 15 oe 40%, eve) 0 keolvitng (£
Liyog xrwpitng) pewwvetar and 50 oe 5%. O molvpopeieg IM xal 1M tou
WAALTT ETIK PO TOVV.

To atadio SryEVEOTG LROPEL VA LAPOKTNPLOTEL ooy Tpipo. Ot Bgppo-
Kpaoieg oTig onoieg £xovv vroPAndei Oha to getalonevo Wnpata ival
xouniég (65-109°C). Enopévmg, N a@udATOOT TOV MIKTAOV 0pYIAKOV OpL-
KTQOV TOUG gival xaunin. To pikpd neplexOpevo Tov WNRatoy Tou déita
10V NEGTOU o€ LOPOYOVAVOPOKEG OQPEIAETUL GTTV REPLOPLOPEVT TTAPOVTIA.
AETTOPEPDOV KAQGTIKOV WNUATOV KAl OTN LETAKIVION TOV RETPEAQIOL OE
YELTOVIKG RETpOPATO, £E0UTIOG TNG EVIOVNG TEKTOVIKTIC dpaatnplotnTag
aTnV MEPLOYN Kata T Sdpkela tov Neoyevolg kat Tov TeTaptoyevolg.

Ta yeipoypagpa karatédnkayv otig 4.2.86
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