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ABSTRACT

The combined stratigraphical and pedimentolosical analysis described
in the present study permits a gene~nl synthesis of the palaeroenviron-
mental and palaeogeographical evolution recorded in the Uprer
Carbonifernrus rocks of northwestern Turkey, which occur in a number
of outcrops near the Black Sea coast. It was found possible to assign
the Upper Carboniferous rocks to four lithostatigraphic formations,
which have been defined and further sub-divided where appropriate.
These Namurian-Westphalian age for-ations comprise approximately 3500 m
of clastics overlying Visean platform carbonates and are
unconformably of structurally eucceeded by younger rocks, mainly
Permian red sandstones and Cretaceous limestones or flysch.
The Vemurian and Westphalian sequences have yielded significant
collections of megaflora, microflora and invertebrate faunas (both
marine and non-marine) which enable the chronostratigraphic limits
of the formations to be defined with reasonable precision and whrich
demonstrate the strong stratisraphic links of these mnorth Turkish
late Palaeozoic sequences with those from Furope and Russia,
As a result of the sedimentological study, eighteen individual
lithofacies have been recngnised and assigned to two broad facies
complexes (coestal and alluvial), These two complexes have been
furt-er divided into six Associations, namely i) prodelta, delta
front, delta plain, meandering stream, braided stream and lacustrine.
The stratigraphic distribution and environmental significance of these
argociations has been asgessed for each of the four major
lithostrati~rraphic units, narmely the Alacaafzi, Kozlu, ¥aradon and
“121111 Forrationg,

The Alacaa*z1 Forration (Uppermost Visean-Nemurian C) comprises

a broadly coarcening upward deltaic sequence, displaying regionally
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variable influence of wave activity and longshore currents. The
delta~plain sub-association is usually complete and indicates a fluvially
dominated type ~f delta with southeasterly transport directions. The
basal part of the ¥Vozlu Formation (Vamurian C - Westphalian A) is
characterised by lacustrine derosits while the upper part comprises
sequences formed by southeasterly-flowing meandering and low-sinuosity
rivers. The thick laterally extensive ¥ozlu Formation coals are assigned
to flood-plain environments and the sedimentar- modal clorely resembles
that for t-e later Westphalian coals of northwesterm Furope., The
conglomerat’c secuences of the overlying Karadon Formation
(Westphalian B - C) represents interfingering of coarse sandy
braided streams and humid alluvial fans with south-westerly transport
directions, The Karadon Forrmation coals were formed in situ in
braidplain environments and reflect a delicate balance between basin
subsidence and alluviation rate, permmitting maintainence of a high
vater table. The sedimentary model for the Xaradon coals reserbles
that developed for the tectonically controlled late Carboniferous basins
of Cantatria, Spain, However, some cliratic control is indicated by
prorressive red’ening of the Turkish sequences and development fo thick,
strongly leached palaeorols (Schieferton units). The altemating
coarse sandy and firne silty sequences of the overlying Kizilla
Formmation (VWestphalian D) contain impersistent coals and are attributed
to deposition in an anostomesed stream network formed in intermontane
regions,

The petrograrhic character, and particularly the mineralogical and
textured maturity of the sandstones in these Upper Carboniferous
successiona appears to be closely controlled by environmental factors,

although some positional data can be used to infer the changing
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nature of the source area, The diagenetic history of the sandstones
(including the nature and abundance of the cementing materials) also
apperrs to vary arcording to the nature of t'e original site of
deposition,

In sumrary, the stratigraphical, sedimentological and faunal
data presented in this study indicate that the various srall,
structurally separated outcrops of Uprer Carboniferous rocks now found
in northwestermn Turkey were originally deposited within a eingle, large
basin of deposition (with a northerly source). This basin was formed on
the southern margin of the laurasian plate, and was subject to increased
marginal fault-activity towards the end of the Carboniferous, prior

to the main Variscan deforration and vplift,
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CHAPTER 1

TN TRODUCTION

1.1. ATVS OF RFSEARCH

This study of the Upper Carboniferous rocks of northwestem
Turkey was undertaken to elucidate and refine the stratigraphy and to
detemmine the sedimentary history of these rocks. As a result of the
new stratigraphic information obtained during this study it was
decided to concentrate attention on the Wamurian and Westphalian
sequences in northwestern Turkey (Fig. 1 ).

There is a substantial body of previously published data on these
rocks but existing accounts of the stratigraphic successions are
confusing and inconsistent, Thus in order to provide the necessary
stratigraphic frarework for the sedirentological study, reliable
lithostratigraphic and biostratigraphic data had to be acquired to fomm
the basis of this study. For that purvose plant fossils were
collected and coal seams were correlated utilising previous microfloral
studies (Fig 9 ). In tre light of this infommation it was found
possible to assign the Upper Carboniferous rocks to four formations
(see Chapter 2), which have been defined and further sub-divided where
arpropriate. After this general stratioraphical framework had been
established, the sedimentary characters of the succession were
deterrined by field logring of sections in several localities, These
provide further evidence of the history of sedimentation in the besin
in which the Upper Carboniferous formations were laid down, thus
perritting a palreogeographic synthesis to be made for the whole region,
during the Late Carboniferous. This study also includes: a detailed

analysis of the distribution of lithofacies both vertically and laterally,
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enalyses of sediment transport vectors, a preliminary petrolegicel
ctudy and the interpretation of palaecoenvironments and depositional
mechanisms for each of the formations,

A general correlation and synthesis of stratigraphic, palaeontological,
palaeoenvironmental and palaeogeographic data derived from the
now-separated areas of Carboniferous rocks also has been made in
order to detemmine the affinities end geotectonic status of thege
Carboniferous sequences and to test some current models for the

plate tectonic evolution of northem Turkey.

1.2, DEFINMITICN AND NATURE OF THE STUDY ARFA

Upper Carboniferous rocks are exposed in a number of relatively
small outcrops in the northwestem part of Turkey (Fig,1 ), where
they have stripped off the unconformable or structurally emplaced
cover of Mesozoic sediments., As shown on this locality map (Fig.1 ),
four main areas have been examined.

Area 1 (Zonguldak): this extends roughly from the village of
Kandilli in the west and GAbl in the east (Enclosure 1), covering
an area of aprroximately 110 km?. The Zonguldak Coal field occurs
on the Black Sea coast, which is 180 km east of the Bosphorus., It
can be reached either by the asphalt road from Istanbul via Duzce
rnd Fregli, or by the Ankara-Zonguldak highway. The whole of the coal
field is characterised by steep hills and deep, forested valleys,

Fror nortk to south trere are two ranges of hills, and farther south

a range of higher (mainly Mesozoic) mountains. Mainly there are good
exposures of the Carboniferous rocks on the coast line, such as the
Alacaarzr bay and ¥ireclika®zi bay exposures, Many forest tracks cross
the area, revealirg a few outcrops in the road cuttings. However,

while exposures of this type provide good outcrops when new, they rapidly



weather and becore covered by vegetation, The reneral structure

of the area is a dome flanking to the east, to the north and to the
weat., The area has considerable economic importance through the
rresence of the larrest known reserves of hard coal and fine clay
(Schieferton) in Turkey. The main collieries stil) working in this
area are from west to east: Armutquk (Vandilli and Alacaagzi) in

the west and Vozlu, Uziilmez (Caydemar, Asma and Dilaver), and ¥aradon
(Gelik and Kilimli) in the east,

The geological map of the Zonguldak arca (1:50 000 scale) compiled
by ¥.T.A. personnel, has been used as a base map and has been modified
to potray the stratigraphic results obtained in the present study,
(see Enc. 1 ).

Area 2 (Amasra): This area is situated approximately 110 km east
of Zorguldak end can be reached by the paved highway via Bartin town
either from Zonguldak or from Ankara, Carboniferous rocks outerop
witrin an area of approximately 15 km2 1imited to the north by the
Rlack Sea shoreline which provides excellent exposures, most of which
are accersible by tracks. Tnland exrosures, are few and poar, although
aome information hes been gained from boreholes, Coal is currently
extracted from Tarlaa®z1,Ginerli and DSkik collieries., The
rotentially productive ccalfield is much larger and extends south
ard southeastwards under probable Permien and Cretaceous rocks,

Te geolorieal map of ¥onyala (1: 25 000 scale) has bren modified
erd used as a base map for this area, and tre logred dection has been

indicated with a red line for thre Tarlaagzl section (see Enc. 2 ).



Area 3 (Furucagile): This is situated aprroximately 60 km east
of Amasra (¥nclosure 3). The Upper Carboriferous rocks outecropping
here occur in a narrow stronecly disturbed and sore 10.5 km long and
500 metres wide., This area is economically less important, only
the Yanepinar mine still operrting on the eastem side of this so-called
Pelitova zone. The Cardak mine in this area was abandoned several
vears ago because of mining problems., This area is accessible by the
main asrhelt road from Amasra towards Cide but from the Gardaek road
Junction the Carboniferous area there are only improved tracks,

The noteworthy outcrop (Locality 1) is in the Ilyas Cegidi Dere

(stream and road cut combination). This section was logged and studied
in detail. The second important locality is situated in Degirmendere
(stream cut), approximately 3 km east of Paci Ahmet village.

The higrly deformed rocks in this outcrop do not reveal any useful
sedimentological features.

The geological map of the Kurucagile area, provided by Senturk
(1:50 000 scale) has been used as a base-map and the logged section
is indicated by a red line on this map,

Area 4 (Azdavay): This is situated approximately 180 km east of
Amasra town (Fnclosure 4). The area is accessible by partially
paved roads either from Amasra via Kurucagile and Cide or from Bartin
via Eflani, The coast road via Cide is in reasonable condition but
beyond Cide the urpaved mountain tracks are in poor condition. The
second route is also unpaved beyond Eflani as far as Azdavay. This
town lies some ©00 metres ahbove sea level, Physica’ly the area
of Carboniferous rocks is hilly to mountainous with a relief ranging

from 700 m to 1800 m. Fowever, only in the marginal parts of the area



are exposures limited by dense forests. Again major attraction for
thie area is coal. However only the Maksut mine, to the north of
Azdavay, is still operating, while others such ag Soziitézu mine, were
abandoned several years ago. Only a few tracks cross the area and
road cuttings therefore provide only a few small exposures. The
best exposures occur in natural escarpments but are also on few poor
stream sections., Basically scattered, the Uprer Carboniferous
outerops are intimately associated with Lower Cretaceous flysch.
Iocality 1, occurs west of Azdavay town, near the Karafasil village,
and the deformed rocks do not provide any evidence of primary
sedimentary structures. Locality 2, is on the Azdavay-Cide road
cutting and reveals an undifferentiated sequence of Upper Carboniferous
clastics and Permian red sandstones. These strata have been thrust
on top of the Uprer Cretaceous flysch. Locality 3, is near Vaksut
mine near Yahyabeg village. Locality 4, track side exposures occurs
near Kozluviran village and is not well exposed wrile locality 5,
involves trackside exposures near the Kiz1l1li village (NE corner of the
Mclosure 4). locality 6, represents a track-side exposure some
500 metres east of Ozkem village (see Enclosure 4). Localities 3, 5
and 6 have provided logred sections of the Upper Carboniferous rocks
of this area.

The geological map is in 1:50 000 scale compiled by V,T.A. personnel

and has heen used for this study as a base map.

1.3. INMPORTANT NOTE ON TOPOGRAYHIC MAPS AND IOCALITY REFERENCING

Tt should be pointed out that the acquisition of reasonably large-
scale topographic maps of the study area presented major problems.

Two sheets at 1:25 000 scale were made available for the Zonguldak



area by ,T.A, personnel. These are 7onguldak sheets of F27 b1 and
F27 b2, In the stratigraphy chapter (2) the grid references given

for some important loc~ed sections relste to these topograrhic maps.
Towever, in later chapters only the logged sections are named and
these sections are indicated by red lines drawn at the appropriate
location on the relevant map (see Enclosures).

Ragically, throughout the study, the topographic base has been derived
from prepared geological maps and the individual localities are

are nunbered and displayed on the Enclosures,

1.4. I1AYOUT OF THE TIESIS.

This thesis is divided into seven chapters. The first chapter
consists of or irtreduction. Tr the second chapter, previous
meolozical work on tre Carboniferous rocks of northerm Turkey is
surmarised, followed by an account of the stratigrarhy and gereralised
structure of the area, In the third and fourth chapters the various
facies present in trese sequences are defined, described and
iInterpreted. This facies analysis forrs the basis of a new
lithostratigrarhic division of the Uprer Carboniferous rocks of
northem Turkey. Petrological deta are presented in Chapter 5 and
brief accounts of tre nature and occurence of palaeocurrent data
in Chapter 6., The rutual relationships of all these various
stratigraphic and sedimentological attributes are utilized to develop
the detailed conclusicns offered in Chapter 7. The maps and logged
gsections are presented in the back p6cket., All other figures, tables

and plates are incorporated within the text.



CHAPTER 2

STRATIGRAPHY, AND RELATED STRATIGRAFHIC AND TECTCVIC PROBLEVS

2.1. INTRODUCTION

A combined stratigraphical and sedimentological study has been undertaken
in order to establish the sedimentary history displayed by Upper
Carbonifervus rocks in the Zonguldak and adjacent areas of north-central
Turkey.

As a result of this study, a detailed 1ithostratigraphical sequence
has been established and possible chronostratigraphical correlations have
been prorosed. The stratigraphical analysis of the Upper Carboniferous
succession of the studied areas, proposed in thie chapter, is based upon
lithological differentiation of the rock units together with analysis of
fossil flora and faunas and takes due account of the limited amount of
previous work.

Consequently, according to their chronological order four different
Formations have been defined and described for the entire basin. These
are (in ascending order of relative age):

I - Alacaagzi Formation
IT - Kozlu Formation
III - Karadon Formation

IV - Kiz11l1 Formation

Formations I - III were established and named by previous workers but

Formation IV is newly defined in the present study.



2,2, HISTCRICAL BACKGROUND OF STRATIGRAPHICAL SUBDIVISIONS

Tt has consistently proved difficult to fix definite boundaries between
the stratigraphical subdivisions of the Upper Carboniferous System on the
basis of 1lithostratigraphy, biostratigraphy or chronostratigraphy. This
brief account reviews previous work on various lithostratigraphic,
biostratigraphic and chronosiratigraphic units recognized in the Upper
Carboniferous rock of Northern Turkey.

In a picneer study Ralliﬂ&ﬁéJSBﬂ subdivided the coal-bearing units into
four stages, which he termed Alacaagzi, Kilig¢, Kozlu and Karadon. He
stated that close links existed hetween his "Alacaarzi Stage" and the
Upper Kulm facies of Waldenburg (Germany), tetween the "Kili¢ and Kozlu
Stage" and the middle coal basin of Valenciennes (France), and between
the "Karadon Stage" and the Western Furopean Coal Measures. He drew
attention to the possibility of a stratigraphic gap between tHe Kozlu and
Karadon stages, because he believed that the conglomerates of the Karadon
stage represented a transgressive sequence. He also distinguished the
¥ozlu stage from the Karadon on the presence of quartz-porphyry pebbles
in the conglomerates of the Karadon stage. Thus Ralli's definition was
based mainly on lithostratigraphic criteria. However, Bayramgil (1949)
demonstrated the existence of quartz-porphyry pebbles in both the Kozlu
and Karadon stages, and they are therefore not indicative criteria.
According to Bayramgil the only petrographic difference between these rock
units is that the upper part of the Karadon stage contains Andesitic pebbles,

Following Ralli's study several other workers such as Zeiller (1896,1899),
Simmerbach (1903), Fliegel (1927), Wilser (1927) and Charles (1931),
broadly accepted his stage definiticns, although the Kili¢ stage was not
widely accepted,

According to the Code of Stratigraphic Nomenclature (1961 p.28), "the

Stage is ‘an important working unit in time-stratigraphic correlation and
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claseification and bears no lithostratigraphic cornotations.” Currently

recognized stages are variable in time-span, but on average they range
from 3 - 10 million years as indicated by isotopic age determinations,
The thickness of stages in their type sections may range from a few metres
to many thousands of metres. Also a stage should be defined in a single,
continuously exposed section, in facies favourable for time correlation
(Hedberg, International Stratigraphic Guide, 1976). Unfortunately such
single complete sections of strata are not common in the Zonguldak area.
Armi (1931, 1938, 1939, 1941) worked for the M.T.A. in the Zonguldak
Coal Measures, and published several maps and brief notes. In 1939 he
introduced the term "Series" for these groups of rocks, replacing the
earlier "Stages" terminology. His definition was based partly on litho-
stratigraphic and partly on biostratigraphic criteria, He distinguisghed
two subdivisions within the "Alacaagzi Series". The lower part im
characterised by marine faunas with a few plant remains. The upper part
lacks marine faunas, but contains Sticmaria and includes more sandy layers.
The Alacaagzi Series also contains three units rich in bivalves indicating
fresh-water conditions. On top of the "Ali Molla" coal seams the bivalve

Cardiopteridium Waldenburgensis has been recognized. According to Armi

the Alacaagzi Series demonstrates laterally continuous facies relations
whereas the Kozlu Series displays several discontinuous facies and begins
with conglomerates throughout the coal basin., However Arni suggested that
there is no well defined boundary between the Alacaagzi and Kozlu beds.
Elsevhere in his major work Ami (1939 p.50) used the temm "facies"
instead of "series" without giving any reason for doing so. He also
disputed the conclusion of Ralli and Zeiller, stating that there is no
stratigraphical break between the Kozlu and Karadon Series. Arni suggested

that the location of this boundary is not certain and offered a



1

phytopaleontologic solution whereby the presence of lonchopteris is

characteristic of the upper part of Kozlu Series while l.onchopteridium

Lonchopteris Chaudescise BETR. indicates the lower part of the Karadon

Series,

The stratigraphic studies of Hartung (1937), Grancy (1939), Jongmans
(1939, 1955), Tokay (1952,1954), Fgemen (1959) and Ozkocak et al. (1978)
were based on biostratigraphic criteria. They tried to distinguish "Series"
according to their plant fossil content.

In modern temminology a "Series" is a subdivision of a System,and is
usually further divided into Stages, thus indicating a chronostratigraphic
basis. However the temm "Series" frequently has been used in the past as
a lithostratigraphic temm, more or less equivalent to a "group" in the
previous work. Also "Facies" in stratigraphy generally refers to the aspect,
nature, or manifestation of character of rock strata or specific
constituents of rock strata, (usually reflecting the conditions of origin)
(Hedberg 1976, p.15).

Basically these workers have adopted a number of lithostratigraphic
sub-divisions whose distinctive lithology was supposed everywhere to
characterize the rocks generated during certain intervals of geologic time.
This approach using "Series" obviously poses problems when dealing with
rocks that are the products of locally restricted environments. Another
problem in these studies was the duplication of names, which should be
avoided, such as the use of "Lower Karadon Series" by Grancy (1939).

Dijkstra (1952) published some details of the geology and megaspore
asserblages of the Turkish Carboniferous. He revealed the sharp boundary
between the "Alacaagzi Group" and the "Kozlu Group" and found that the

vertical distribution of the spores is very similar to that of the Polish

Carboniferous,
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considered to be indicators of a different and higher stratigraphical level,
with a transitional position between the Kozlu and Karadon Series.

Yehgiman and Erqoniil (1950 - 1961) studied the Amasra - Sogutozi basin
(Fig. 1 ). They identified three horizons in the Nemurian on the basis of
megaspores, and four horizons in the Westphalian (Kozlu Series: Westphalian A,
and Karadon Series: Westphalian B ~ C - D)., Also they named the Westphalian
C the "Schlehan Series" due to its refractory clay content.

In his palynological studies of the Zonguldak rocks Nakoman (1976, 1977)
preferred to use the temm "zone" without mentioning their lithologic
characteristics and previous names, such as "Alacaagzi". According to his
palynologic observations the Namurian may be subdivided into 8 biozones
and the Westphalian A into nine biozones. The term which he used was
unqualified and has been the source of confusion.

According to Intemational Stratigraphic Guide (1976 p.95), biostratigraphic
units are fundamentally different from lithostratigraphic units and are
based on different distinguishing criteria. The boundaries of the two may
locally coincide, but usually they lie at different stratigraphic horizons
or cross each other. Where fossil remains are so abundant that of them-
selves they become lithologically important, a blostratigraphic unit may
also be a lithostratigraphic unit. Also Hedberg (1976, p.48) states "There
are frequently overlaps or gaps, both vertically and horizontally, among
different kinds of units based on different taxons or different kinds of
fossils", Bilostratigrarhic correlation may coincide with time-correlation,
or it may be facies controlled and therefore diachronous. In either case,
correlation becomes a matter of judgement, Both lithostratigraphic and
biostratigraphic units rather closely reflect the environment of deposition,

but biostratigraphic units are much more strongly influenced by, and

indicative of, geologic age. (
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Biron (1961 p.234) was the first to use the term "Formation" for these
aroups of rocks in his mine-gallery profile (Fig.2 ), but without giving
any explanation for this use. Yahgiman (1961) and Artiz (1980) have also
used the term "Formation" for Upper Carboniferous rocks from northemn
Turkey.

One of the great problems in drawing boundaries within the strata of the
Zonguldak area is that lithologically uniform units are of limited lateral
extent. The present study has attempted to provide a more standardised
framework using distinctive lithostratigraphical features. According to
modern rules of stratigraphic nomenclature (Hedberg, 1976 p.33) "A bed is the
smallest unit in the hierarchy of lithostratigrarhic units. It is a unit
layer in a stratified sequence of rocks which is lithologically
distinguishable from other layers above and below". The term "bed" is
applied customarily to layers of a centimetre to a few metres in thickness.
Therefore it is not a practicable term for the Zonguldak area, where, for
example, the AlacaaZzi beds may reach up to 700 metres in thickness. The
other lithostratigraphic unit is a "member" and it is always part of a
"formation", although a formation need not be divided into members.
According to Hedberg (1976) the thickness of units of formation rank follows
no standard and may range from less than a metre to several thousand metres,
depending on the size of the units. Practicability of mapping and
delineation on cross sections is an important consideration in the establish-
ment of formations. In the present case, the previous work has demonstrated
that the distinctive lithological units of Alacaagzi, Kozlu and Karadon can
be mapped separately and they can therefore be coneidered formations.
Moreover it is possible to divide the Alacaagzi Formation into four
lithologically distinctive members within suitable vertical successions

but the degree of exposure does not pemit precise and extensive mapping
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of these sub-units, and it is therefore considered more aprropriate to
assign them informal "member" names rather than to erect a formalised
formation/member terminology.

The same argument may be applied to the term "Group". Of course
formations can be assembled into groups and if it were possible to map
these units extensively according to the example given above it might be
appropriate, for instance, to refer to the "Kokaksu Formation" the "Gokgol
Fomation", the "Tarlaagzi Forma:tion" and the "Asma Formation" under the
YAlacaaZzi Group" name. Since it is not at present feasidble to map
constituent units it is again considered more appropriate to adopt
formation names such as the Alacaagzi Formation.

In the Zonguldak area the boundaries of formations are placed at
positions of marked lithologic change. Most boundaries are indicated
by sharp lithologic contacts, but some have been placed arbitrarily within
zones of lithologic graduation or they may overlap each other. The
boundaries of formations commenly cut across time-horizons, across the
limits of fossil ranges and across the boundaries of any other kind of
stratigraphic unit. According to Hedberg (1976 p.38) "time equivalence on
a local scale can be established by the intertonguing of various strata
and by the tracing of marker beds that were deposited more or less
synchronously throughout their extents"., The only extensive marker beds in
the Zonguldak basin are the coal deposits most of which are regarded as
broadly synchron~us. However, not all coals are necessarily synchronous
deposits; if the edges of the coal swamp migrate slowly in one direction
through a long time interval, a continuous but non-synchronous layer of
coal would be deposited., The lithologic character is commonly influenced
more strongly by environment than by age. Even so, a lithostratigraphic

unit such as a formation always has some chronostratigraphic connotation
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and is ugseful as an approximate guide to chronosfratigraphic position
(Hedberg, 1976). The analysis of stratigraphic breaks involves the
interpretation of several kinds of information in the Zonguldak area, First
of all, one seeks to determine how much time elapsed while the local record
was being interrupted. ore commonly a comparison is made of the strata
above and below the postulated break with successions elsewhere that seem
to be relatively uninterrupted. Secondly in the case of marine strata it
is important to establish whether the interruption of the record resulted
from uplift, subaerial exposure and resubmergence. Apart from local
penecontemprenous erosion associated with fluvial and deltaic channels,
there is little direct field evidence for significant unconformities or
breaks in sedimentation in the Upper Carbonifemus sequence of the
Zonguldak coal field., The most conspicuous periods of non-deposition

are those marked by seat-earths,

Nomnally, where fossils are available, both lithostratigraphic end
biostratigraphic analyses are undertaken. In the Zonguldak coal field both
types of analysis have contributed to the interpretation of the geological
history of the basin., The determination of palaeodepositional environments
in sedimentary basins commonly requires a multifaceted approach, in which

lithostraticraphic analysis is only one facet.
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2.3, PREVIOUS WORK

The Upper Carboniferous rocks of Turkey have been studied by many
geologists mainly concermed with the economic importance of these rocks.
The existence of the coal beds in these rocks was first brought to general
notice by the sailor Uzun Hasan (1829), but they were not systematically
exploited by the Turkish Government until the 1930's.

The first systematic geological work in northern Anatolia was done by
Tchihatcheff (1850) and the later publications of this worker (1866, 1867)
were mainly concemed with Upper Cretaceous fossils found around Eregli.
This last publication mentioned Schlehan's account of the Carboniferous
beds at Amasra and also listed fossils sent to him by J. Barkley which
had been identified by Brogniart from coal beds or Kozlu, as he had not
been able to visit the district.

Schlehan (1852) gave brief descriptions of scme patches of Carboniferous
near Amasra and provided a 1list of Carboniferous plants collected in that
district,

Admiral Spratt (1877) visited the area to obtain coal for his warship
during the Crimean War. His fossil collection was identified by Ethridge
and the samples from Kozlu area were assigned a Carboniferous age.

However the most important early contributions conceming the
stratigraphy and fossil flora are those of Zeiller and Ralli,

Zeiller (1895, 1896, 1899) compared the fossil flora of the basin of
"Heraclee" (= Eregli, located 70 km west of Zonguldek) with the flora of
Upper Silesia., He declared that all the flora is essentially of
Eurcamerican type. However, Zeiller considered that there was some

comparison with the flora of Gondwena through the prescence of Fhyllotheca

Ralli, (although Jongmans, 1955 later declared that this plant does not

indicate a Gondwana flora), Simmersbach (1903) who also worked in the
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Zonguldaek area, was mainly concered with mining problems, naming and
correlating some of the coal seams. Fliegel (1927) worked in the
Carboniferous areas of Pelitova, Azdavay, Sogitdzii, Karafasil and
Kirmaci, which occur to the east of the Zonguldak basin and indicated
the presence of the Upper Carboniferous rocks in these regions.

Wilser (1927) proposed a palaeogeographical reconstruction for
Carboniferous times for the Zonguldak basin, suggesting the existence
of a peninsular landmass stretching from Northern Turkey to the Donetz
basin in order to explain the close relationships between the basins.,
This land (Pontides) was believed to occupy the Podalya massifs and
the Black Sea. Wilser also accepted that the Kili¢ beds were
equivalent to the lower part of the Kozlu beds. Charles (1933) assingned
the Ki1li¢ group to Westphalian A, while the Kozlu group was allocated
to the Westphalian A and B. Hartung (1937) re-examined the Zonguldak
Carboniferous sequence and put the Fozlu group into the Westphalian B
while he assigned the Karadon group to the Westphalian C - D,

Grancy (1939) working on the Bartin-Azdavay area, distinguished some
stratigraphical levels according to Jongmans floral determinations,
naming the "lower, middle, upper Karadon", Parejas (1941) provided a
general interpretation of the paleeogeographical outlines of the
Turkish Carboniferous He suggested that the Carbonifercus suffered
erosion until Fauterivian times in the south, although the Oarbonifercus
was covered by the Rotlierende facies and younger derosits in the
north. He claimed that the Jurassic Sea could not have reached south
of Amasra otherwise thege remnants would have also been eroded.

F. Charles (1947, 1948) defended the idea that the Carboniferous beds
of the Iliksu (Zonguldak) area were emplaced as nappes in the Upper

Cenomanian, rather than in exotic blocks, as advocated by Arni.
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Later (1948) he suggested that before the Cretaccous Sea covered this

area, there were two synclines which he called the Zonguldak and Cide
synclines, with an intervering anticline termed the Partin anticline.
Ziljstra (1948, 1950, 1952) produced s-veral maps and sections of the
Zonguldek area, and postulated high fluvial energies to account for the
coarse nature of sedimentation during Westphalian A times and for the
different thickness of coal layers. Fe also suggested erosion of the
Namurian prior to deposition of the Westphalian B - C in the Zonguldak
area., McCallien and Tokay (1948) studied sedimentation phenomena of the
Cretaceous rocks in the north-central part of Turkey, which contain

great exotic blocks of Carboniferous material, up to 600 - 700 metres long
and more than 50 metres wide. These authors showed that the boulder beds
are accompanied by the usual phenomena of submarine slumping due to
earthquake movemnnts. TFurther articles by Tokay (1952, 1954, 1961) mainly
dealt with the 1:100.100 and 1:25 000 scale geological maps of the
Eregli~Alacaagzi and Amasra-Bartin regions and also provided extensive lists
of publications conéerning the regional geology. His latest publication
(1981) vasically states the same general conclusions set out in his 1961 papers.
Bayramgil (1951) provided petrograyhic analyses of the rocks of the
Zonguldak area., He showed that the Upper Carboniferous rocks are partly
composed of arkose and graywacke and partly of conglomerates in which
sillimanite bearing quartz grains and pebbles of metemorphic and igneous
rocks, such as quartz-porphyry and, more rarely, dacite and andasite, can be
found, Fratschner (1952, 1954) sugrested that the Namurian beds of Amasra
contain more coal than the Zonguldak Namurian. He accepted the Westphalian
B « D age of the Pelitovesi Series in the Kurucasile area, although Jongmans
(1939) placed these beds in the Westphalian D - E. Fratschner also

postulated some Carboniferous tectonic windows within the Cretaceous
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sequences. Patijn (1950, 1953, 1954) published several articles about
the Turkish Carboniferous including topographic and geologic maps

vhich showed the location of the various small basins, Gok (1970)

gave very brief geological and tectonic deseriptions of the coal measures
in northern Turkey.

Ozkogak et al. (1978) suggested that Kilig series belong to lower
Westphalian A, Kozlu series to Upper Westphalian A, Karadon series to
Westphalian B, C, D, They alos suggested that in the west; Zonguldak,
Amasra, Kandilli coal beds are mutochthonous, however, in the further
east; Pelitova of Kurucagile, Azdavay, Maksut and Sogiitdzll exposures are
allochthonous inside the Aptien-Albian flysch.

Apart from these general works, several studies concerned largely
with plant spores have been published, such as the articles of Artuz
(1957, 1963), Okay and Artiz (1964), Yahgiman (1956, 1959, 1960, 1961a,
1961b), Ergonitl (1959, 1960, 1961), Agralr (1963, 1969, 1970), Agrali and
Konyalr (1969), Akyol (1968, 1974) and NaKoman (1976, 1977).

Baykal (1971) gave a general account of the Upper Carboniferous rocks
of Turkey in his book entitled "Historical Geology of Turkey", while
Brinkmann (1974, 1976) outlined the effects of the Variscan (Hercynian)
tectogenesis place during the Carboniferous and Permien in the Black
Sea area. According to Brinkmann's map (see Fig. 3 ), the area roughly
north of the North Anatolian fault line is marked by continental deposits
during the late Palaeozoic, while south of this line the sediments are
of marine eugeosyncline facies, passing gradually to the south into a
shelf facies. Bergougnond and Fourquin (1980) suggested that the North
Anatolian belt (Pontids) belong to the Furasiatic continent facing the
Tethyan Ocean and are characterised during the Mesozoic by important
tectonic and magmatic activity. Sengér et al. (198D, 1981) have

suggested that the eastern Pontide tectonic zone consists of two distinct
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1ithological ascociations and add (1980 p. 539) that the first one is
"econtinental assemblage , representing a Permien to early Jurassic
north-facing magnetic arc, whereas an oceanic assemblage ,

including a locally metamorphosed ophiolite suite overlain by deep-sea
sediment, is believed to represent the vestiges of an oceanic realm that
existed north of the arc during the Permian and Jurassic interval",
According to these articles, evidence from the eastern Pontids indicates
a Permmian-Jurassic ocean with a south-dipping subduction zone. Regional
consideration suggests that the suture forms part of anorogenic belt
resulting from the closure of the Pemo-Triassic Palaeo-Tethys, The
oceanic assemblage is viewed as part of a previously formed Cimmerian
continent. These suggestions are controversial, and more evidence and
detailed work in this part of Turkey is needed to substantiate them,

The M.T.A. (Turkish Geological Survey) have produced several
geological and economic maps of different scales concerned with the
Turkish Coal Measures and regional geology.Of special importance are
the geological maps of the Zonguldak area (1:50 000 scale) which has
been modified by several authors, the geological map of Kurucagile
area by Sentirk (1:50 000 scale), the geological map of Amasra by
Konyali (1:25 000 scale) and the geological map of Azdavay (1:50 000 scale)

by Sentirk and et al..
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2.4, LITHCSTRATIGRAFHIC DIVISIONS

2.4.1. INTRODUCTION

The stratigraphic succession of the Zonguldak coalfield can be studied
at outecrop, and since the structure consists of rather steeply dipping
synclines and anticlines, it is possible to obtain sections of
considerable stratigraphic thickness by walking across strike. As
discussed above, "Fommation" terminology permits the Upper Carboniferous
of Northem Turkey to be subdivided into four formations. In accordance |
with the standards of the Code of Stratigraphic Nomenclature, the main
criteria utilised in such a division were "1. definite lithologic composition
or a distinctive, interbedded or intergraded succession of lithologic
types, 2. observable lithologic separation from adjacent units above
and below, and 3. traceability from exposure to exposure", (Krumbein &
Sloss 1963, p. 32). All of the formations are, in the field, readily
separable into sub-units or "members", some of which are also defined
and described here. The members, however, have not been distinguished
on the maps because of: 1, time limitation and large size of the area
surveyed, 2. the relatively thin nature and almost horizontal position
of some members, which make it extremely difficult to realistically
project their boundaries on a 1:50 000 scale map. The definition
(description) of the fomations will be given below, after a brief
account of the older formations which lie below the Upper Carboniferous

succession.
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2.4.2. OLDER FORMATIONS

The oldest formations which are known near the studied area, are the
Hamzafak1li sandstone (Silurian) and the Goktepe Schist (Devonien)

which occur south of Erefli., In 1929 Heritsch and Gaertner published

the results of palaeontological researches on the Brachiopods, corals, etc.,

primarily obtained by Nowack, showing the existence of new species and
also the presence of the lower Devonian to the south of Goktepekoy.

Tokay (1954) showed that the core of the Inkum anticline (which occurs
south-west of Amasra) is occupied by Upper Silurian ? - Lower Devonian
sandstones (clay and iron-rich), quartzites and fossil-rich limestones
(Coblenzian) followed by limestones of middle-upper Devonian age (Charles
1933) and by dolomitic limestone (which is possibly of Tournaisean age)
and very thick Visean limestones.

The Visean is well developed throughout the studied areas. These
rocks are mainly coral-rich dolomitic limestones interbedded with calc~
areous shales and sandstones. The Lower Carboniferous as well as the
Upper Devonian sedimentation of north-west Turkey occurred under more
shallow water conditions and with less detrital influx than is seen in
the coeval sequences of Istanbul. These limestones are overlain by dark,
fossiliferous mudstones with ostracods, mollusks, goniatites and
brachiopods which represent the upper Visean and lowermost Namurian
stages (Wagner - Gentis, 1958, Petracheck 1955, Dil and Konyali 1978).
The Tourmaisean and Visean deposits of the Zonguldak basin are platform
limestones, comparable with the Kohlenkalk (Carboniferous Limestone)
of north-westermn Europe. Similar faunal assemblages are involved and the

correlation on the basis of small foraminifers seems well established.

Fine-grained to sandy terrigenous sediments were laid down in some areas,
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but mostly they are carbonates and were deposited at a fairly low rate
of sedimentation.

In the Istanbul area, post-Visean beds are restricted to the westem
side of the Bosphorus. According to Kaya (1973) possible Namurien shales
disconformably overlie the flysch beds and late Visean limestones, but
this situation has not been observed in the studied area. A locally
exposed unit of reddish shale interbedded with greywackes is the
youngest Palaeozoic deposit (Namurian) in the Istanbul area, and represents
the first indication in the west of the limnic facies. On the eastem
side of the Bosphorus there is no exposure of Carboniferous rocks until
the Zonguldak region is reached.

Generally speeking, in the northwestern part of Turkey a series of small
Upper Carboniferous exposures appear through a cover of Cretaceous
sediments. From west to east these exposures are Kandilli -~ Alacaagzi -
¥ireclikaZzi - Zonguldak - Amasra - Pelitovasi - Azdavay and Sdgutozi
(Fig. 1 ).

The comprehensive study of the Upper Carbecniferous formations of this
area over the past several years by the Turkish Geological Survey (1.T.A.)
and the Eregli Coal Exploitation Enterprise (E.K.I.) on a more intensive
scale than has been achieved previously, has yielded a great amount of
valuable information, in order to assess the economic value of the coal

seams in the Carboniferous fomations.

2.4.3. ALACAAGZI FORMATION

The Alacaafzl Formation essentially represents the Namurian sequence
of northern Turkey. The name Alacaagzi was given to these beds by Ralli
(1896) and he indicated as a type section the Alacaagzi Bay (40 km west

of Zonguldek). Rocks of the Alacaa3z. Formation are well developed in

!
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the Uziilmez Dere, at Zonguldak, (termed in the present work the Gokgdl section,
Grid Ref. 188775 - 02500). The AlacaaZzi Formation also occurs in the Amasra
region, In addition there are a few smaller outcrops at Kandilli, Kireglikagzi,
Camly (these three outcrops occur to the west of Zonguldak; see Enclosure 1)

and Gavurpinari (west of the Amasra region).

The lower contact of this formation with the older rocks is transitional
while the upper contact with the Kozlu Formation is also transitional. The
Alacaagzi Formation contains a variety of facies in an almost complete
succession of beds dominated by marine fossils but also yielding numerous
plant fossils, Lithologically, it is characterized by dark shales and mudstones
and fine-grained sandstones. The general thickness of the formation is about
400 metres, and it is laterally traceable from Alacaagzi Bay in the west to the
Amasra region in the east. The Alacaagzi Formation can be subdivided into four
"members", which may be traced throughout most of the Zonguldak area. Detailed
palaeontologic and lithologic aspects of the formation will be given within the
description of each member below, together with biostratigraphic data related
both to chronostratigraphical boundaries in northern Turkey, and to correlation

with the western European successions,

2.4.3.1. Kokaksu "Member"
This lowermost member is limited to the western parts of the basin, being

exposed near the South-West margin of the basin, Only the Zonguldak area
provides outcrops of the Visean-Namurian transition, especially in the
Vokaksu section (Grid Ref. 88000 - 00325), while no other locality is knowm
to show this transition because the Upper Carboniferous basin is generally
fault-bounded. The sequence of beds in this transition zone commences with
platform carbonates and passes rapidly upwards into dominantly

clastic sediments. This local transition is based on



sedimentologic avidence and faunal contents which have been identified
by Ramsbottom (pers. comm., 1979). The top boundary with the overlying

mudstones and siltstone. of the Gokgol "member" is also gradational.

The rocks vary in lithology from laminated calcareous fossiliferous
shales to terrigenous mudstones and include some silty and sandy
streaks. The predominantly muddy sediments of this member can be
assigned to three main lithofacies designatedj 1. Massive clayey
lime wackestone and mudstone 2. Mudstone with goniatite beds and
3. Non-fossilifere us mudstones (which are described in the next
chapter). In the Kokaksu section the thickness of this member is
approximately 40 metres., Laterally outcrops of this member can be seen,
from west to east; in the Kokaksu, Ulutamdere, and Gokgol sections
of the Zonguldak area, and the Tarlaagzi section.

In this member goniatites, brachiopods and bivalves have been used

for biostratigraphic correlation while plant fossils have been utilised
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only where marine fossils are generally absent. The base of this sequence

is characterised by the incoming of some typically Upper Carboniferous

brachiopod species, well defined;

Gigantorroductus elongatus,
Gigantoproductus expansus,
igantoproductus cf. tulensis,

and some goniatites, bivalves and trilobites,

Dimorphoceras sp,
Streblochoxrdium sp,
Anthracoceras,
Cravenoceras sp,
Dielasma sp,

Stenoscisma ?
Aviculopecten sp,
Chonotes,

Myalina sp,

Pogsidonia cf, corrugata
Posidonomia Becheri BROM.
Productoides indet
Phillipsenella cf.
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According to Ramsbottom (pers. comm., 1580), the various Gigantoproductus

species are representative of the Basal Namurian, while Cravenoceras sp

and Anthracoceras belong to the Namurian E zone and Posidonomia Becheri

BROM is assigned to the P1 (= V3b) zone of northem England. Fowever,

according to Wagner (pers, comm., 1980), Posidonomia Becherl represent

a much wider range in the north-west European faunal assemblages. The

specimen of Phillipsenella cf , has been identified by Owens (1979).

According to him this genus occurs in the S.W. province of England and
South Wales, in lower Limestone Shales (Courceyan age). This occurrence

of FThillipsenella is the first record of Upper “arboniferous trilobites

from Northermn Turkey. However, faunal knowledge is still rather

inadequate in some regions and is frequently insufficient for a

biostratigraphic zonation., The distribution of conodonts is not known

and there is little information on spores, especially from the basal

part of this member. Nevertheless, cansiderable progress has been made

in recent years on the knowledge of faunal and microfloral elements of

the Visean-Namurian transition in northem Turkey. Accordihg to Dil

and Konyali (1978), the Visean limestones may be divided into three zones

(V1 - 2 - 3), each with numerous fossils, which show that the

Zonguldak basin belongs to the same biogeographic province as the Russian

Platform., Especially in the Kokeksu section, the Culm facies (V3c) is

very characteristic with a transiticn upwards into the Namurian succession.
According to marine fossils listed above this member may be assigned

to the Rasal Narurian, in temms of the north-west European successions.
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2.4.3.2. GOKCOL "MEMBER"

The second member of the AlacaaZzi Formation is also limited in
location to the more western outcrops of northern Turkey, The best
exposures are found in the straam cuts of Uzlilmez tributaries (Gokgol
section) where this member reaches its maximum thickness of about
70 metres. In the same stream at Zonguldak, the based boundary of this
member is gradational with the Kokalksu "Member". The upper boundary
of this member is always marked by a sharp contact with the parallel-
laminated to microcross-laminated sandstones of the overlying Tarlaagzi
"ember", The Gokgol "Wember" can be distinguished from adjacent
members by its higher content of silt and sand units, the dark mudstones
containing occasional thin, light-coloured, silty laminae. Plant
fragments and carbonaceous debris are common and generally concentrated
on the bedding planes. MNoreover, the mudstone beds contain secondary
siderite nodules. These silty mudstones are interbedded with micaceous
carbonaceous sandstones which are usually parallel-laminated, dark grey
to browm, and moderately morted. Fine to medium grained sandstone forms
a few erosively based beds up to 0.20 - 0,40 m in thickness., Thus, five
main lithofacies can be designated in this member, namely: 1, Silty
mudstone with siderite nodules 2. Fossilifereous silty mudstone (with
bivalves) 3. MNuddy siltstone 4. Massive fine grained sandstones
5. Parallel laminated micaceous, .carbonaceous sandstones.

This member can be traced laterally from west to east from Kokaksu to
Ulutandere and Uziilmez dere (Gokgdl section) in the Zonguldak area and it
can be identified in the exposure at Tarlaazzi in the Amasra area. Towards
the ton, these sediments are marked by the rapid replacement of marine

deposits by near-shore, deltaic and subecontinental deposits, which
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contain early Narurian plant remains such as;

Diplotmema adiantoides, SCPIOTHEIMA
Svhenopteris adiantoides, SCHIOTHRIVA
Ninlotrmema edlatoidesn,

cf.Lyginopteris larischi(STUR) PATTEISKY

and some bivalves

Fdmondia cf sulcata,
Palaeoneilo sp,
Solenomorrha,

Myalinids,
Fhestia

Since the Gokgol section in Zonguldak shows the most complete
succession of the Namurian in northem Turkey, there has been a tendency
to use this succession as the standard for correlation with Namurian
rocks elsewhere. The fauna and flora found in this member again suggest

an early Namurian age in temms of the north-west European succession,

2.4.3.3. TARLAAGZI 'MEMBER"

The third member of the Alacaagzi formation is best exposed in the
extreme western and eastem outcrops of the Carbonifer ous in northem
Turkey and displays a somewhat different facies character in the middle
of the Gokgol section at Zonguldak. This member is probably the most
extensively developed subdivision of the Alacaagzi Formation in the
westemmost section such as Alacaagzi, Kireglikagz:, and in the coastal
exposures to the east of Zonguldak, The best exposures occur in the
Tarlaagzi shoreline (Amasra) where the member reaches a maximum thickness
of about 250 metres, However, the full thickness of these rocks is not
fully exposed in the Zonguldak area ( Gokgdl section). As described
earlier, where best developed the basal sandstones of the Tarlaagzi

member abruptly succeed the tommost units of the Gokgdl member., The
upper boundary of this member is represented by the overlying pebbly
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sandstones (fluvial channel-fill conglomerates) of the basal part of the
overlying Asma "Member".

Lithologically, this member ia dominated by fine to medium grained,
well sorted sandstones which display good intermal sedimentary structures,
an aspect that assists in distinguishing this Tarlaagzi "Vember" from the
other members. Most séctions of the member show a good coarsening-
upwards sequence, passing from mudstones to silty mudstone with secondary
siderite nodules, followed by fine grained, ripple-laminated sandstcnes
and coquina bands and capped by coarser sandstones that sometimes display
large-scale trough cross hedding and may be cut by small channels with a
pebbly sandstone f£ill., This assemblage of sediments can be assigned to
the following lithofacies groups: 1. Muddy siltstones 2. Massive,
fine-grained sandstones 3. Ripple-laminated sandstones
4. Vegarippled sandstones 5. Coarse-grained, cross-bedded sandstones
6. VMicaceous, carbonaceous sandstones with drifted coal fragments
7. Pebbly sandstones with scour fills,

This member occurs on the far west side of the studied area, for
example at Alacasgzi and KireclikaZzi, It is thinner at Zonsuldak and
reaches itc greatest thickness (140 metres) in the east at Tarlaagzi
(Amasra area). Lithologically, this member is much siltier and muddier
in the middle of the studied area at Zonguldak. In the Tarlaagza

"Member" at Amasra Gigantoproductus expansus occur in several bands in

the succession, although this fossil can also be found in the lower
levels of the Kokaksu members in the Zonguldak area. Moreover,. the
Tarlaagzi member contains some bivalves such asj

Ruzosochonotes,

Leuftenia spp. lumulata,

vhich implicate a lower Namurian age for this member.
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2.443.4. Asma "Member

The areal extent of this uppermost member is identical with that of the
entire formation. The best exposures are found in the Gokgol section near
"Asma" coal shaft, The basal boundary is marked by the appearance of
erosional channel-fill sandstones, displaying successive fining-upwards
sequences, repeated several times., The upper boundary of this member
displays a transitional boundary into the mudstones of the succeeding
Kozlu Fomation. The Asma "Member" displays a variable lithology which
can be assigned to six main lithofacies;

1. Pebbly sandstones with scour fills

2. Coarse grained cross-bedded sandstones

3. Massive fine-grained sandstones

4. VYedium grained trough cross-bedded sandstones

5. Organic rich mudstones, and

6. Seat-earths and coals.

The sandstones possess lenticular gecmetry and are variable in thickness from
10 cm to 3 metres. large or medium scale trough cross-bedding and cross-
larination are the most common sedimentary structures in this member.
Petrologically, the sandstones display some important differences from those
of the Gokgol and Tarlaagzi members. Although their quartz content is
comparable, there is an obvious decrease in the proportion of polycrystalline
quartz grainsg, Lithic fragments are the third most important component after
feldspar grains, but they are here mostly of volcanic nature. A few Ganisters
have also been found in this "Member", especially in the Gokgol section.

Lateral variability is difficult to trace for this member, since it occurs
at outcrops only in the Zonguldak area, however, it can be traced both

to the west (Alacaagzi) and to the east (Amasra) cn the basis of borehole
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data and samples. Finally, the Asma "Member", in general, does not display
any marker horizon of "datum-line" character, so that it is not possible
here to define with precision the time-interval for this member, although
this may be obtained by more détailed researches on the flora and microflora,
However, the Gokgol section in Zonguldak has yielded some fossil flora;

Stigmaria ficoides

Lepidodendron sp, c¢f., L. rimosum

from Alacaagzi; lepidedondron floited tiwigs.

The possible age-range for this member is from middle Namurian (B) to the

Lower part of Upper Narurian (C).

2.4.3.5+ GENERAL CONSIDERATION' CONSERNING THE AGE AND CORRELATION OF
THE ALACAAGZI FORMATION

Fauna and flora groups are of crucial importance for correlation with
other parts of the world, particularly when attempting to delimit the classic
armonoid zones of Westermm Europe. With regard to the floral correlation,
one thing must be borne in mind, as Wagner & Higgins(1979,p.17)has pointed out
"The indirect nature of the correlation makes it quite likely that the
migration factor plays a fairly important role, not only in modifying the
stratigraphic ranges of individual species of related taxa in one area and
ano ther,"

The main subdivision of the Carboniferoug system in Western Europe is
into two sub-systems: The Dinantian and the Silesian, The boundary between
these major divisions lies at the base of the Namurian Series (Ramsbottom
et al. 1978) (Fig. 4 ). 1In the U.S.S.R. the Lower-Middle Carboniferous
boundary, which equates most closely to the Mississippian-Pennsylvanian
boundary of North America, lies at the base of the Reticuloceras zones and

thus falls within the Namurian of Western Europe. This one was assigned to



NURIH-WEST

usian LUNOPE U.S.A
MYACHAIY i z
MHALIVLA Y .
3 WESIPHALIAN D <
POLULLAY o AP
O . w 'y
RASHIN WY 3 f aZ
: < o
VIREISAY = g WESIPHALIAN C Z <
4 o E z o T
MELESESSAY < WESTPHALIAN G | ~ zi <
by v < s Atosa Fm
CHEREMSHANSKY z s|12]%
>l a WESTPHALIAN A A ol ST R e
«]= >
RIKAMSAY =1 =< v
PRIKAMS z|o z | = | sL0vDiIAN  wiove Shate
x| w YEADONIAN IS
Ila al2
«<|a 2
o -
SEVEROKELIMENSAY = MARSDENIAN -3 € Prouie Grove
3 HALIAN .:
KRASNOPOLVANSKY 2
KINDERSCOUTIAN | > Cane Ht
<
3 |
3 ALPORTIAN = 3
PROIVINSAY 2 a = 3
Il CHOKIERIAN 211212
o |=z2 2l =
STESNEVSKY o B alwy e
L
EEE ARNSBERGIAN & | 2] aviman .
o (24 Tl - thw
TAAUSSK. é = aldo
2 N AN = HOMBERGIAN  Fuysile-
s PENOLEI = tetnd “he

Fig-4- The main subdivision of the Carboniferous system qnd'théir correlation

after Ramsbottom et al. ‘1978.

L et



35

the Namurian B in Hearlen (1935) and is equivalent to the Kinderscoutian
and Varsdenian stages of the current classification. According to Aisenverg
et al, (1979b) in the Donetz Basin the Bashkirian beds consist of rhythmic
alternations of mudstone, siltstone and sandstone, with subordinate coal
seams and limestone. Apart from the limestone bands a similar rhythmic
altemation can be seen in Northern Turkey, which is thus close to the
Donetz Basin in some aspects but shows 1little relation to Upper Carboniferous
deposits from other parts of the U,S.S.R., which probably have a close link
with the Western European successions. The boundary between Namurian A and
B in Western Europe is marked by significant changes in floral composition,
since the Kulm flora disappears at this level, while the impoverished
Namurian B flora already shows a Westphalian aspect. Aisenverg et al.
(1979a,p.43) add "palaeontological studies have made it clear that an
important faunal break exists in the middle of the Namurian in the U.S.S.R.".
According to Hevlena (1977), in the coalfields of Upper Silesia and Lower
Silesia of Poland and Czechoslovakia, the floral break (Florensprung) of
Gothan occurs near the Namurian A - B boundary and is associated with an
erosional disconformity. Einor et al. (1979) have suggested that in many
areas of the U.S.S.R. the stratigraphic break below the Bashkirian separates
an earlier marine, mainly carbonate, succession from a clastic sequence of
mixed marine and lagoonal facies (Fig. 5 ). They state (1979, p.74) that
"Since the movements at the end of Serpukhovian times took place on various
different continents, they should be regarded as a world-wide event",
In the Zonguldek area the most distinct lithological and faunal change

occurs at the end of the Visean rather than within the Namurian. There

is no evidence of a widespread break in sedimentation to be observed in the
rarginal parts of the Northern Turkey basins., The top of the Visean
sediments is marked by the rapid replacement of marine deposits by near-

shore, deltaic and subcontinental deposits, including coaly beds with early



36

Fig.5.~Correlation of the main Carboniferous sections at the Lower-Middle

Carboniferous boundary.(Composed by O.L.Einor).
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Namurian plant remains such as Diplotmema adiantoides. Also the megaspore

studies of Dijkstra (1952) do not support the idea of a major break in
Namurien times in the Zonguldak area. He showed that the megaspores indicate
a very sharp boundary between the Alacaagzi Formation and the Kozlu Formatioen.
In recent years some detailed researches have been undertaken in Namurian
microflora from Northem Turkey. Artuz (1959) studied the "Ali Molla"
coal seam in the Zonguldak area, and identified some microflora which is of
¥iddle Namurian age. Fowever, the composition of this microflora does not
correspond with the microflora of assumed Middle Namurian rocks throughout
the entire area (AZrala 1963; Akyol 1974; Nakoman 1977). AZrala (1969, 1970)
recognized nine biozones in the Namurian of the Amasra area and suggested
that only the Namurian A is represented in the Amasra area. Akyol (1974) and
Nakoman (1977) have disputed on polynological ground whether the "Ali Molla"
coal seams belong to Middle Namurian but suggest they are possibly Upper
Namurian or Westphalian A in age (Fig. O ). WNakoman (1977) recognized
eight biozones in the Namurian rocks of Uziilmez Colliery at Zonguldek and
showed that the spore content are almost the same in both area (Zonguldak and
Amasra).

Nakoman also recorded the presence of Rotaspora (Sch) Agr., Procoronaspora

Butt & Will., Tripartites Sch,, Remisporites Butt & Will., spores that

represent Namurian age all over the world.

It is possible to use marine bands as datum planes in Westemn Europe and
some other parts of the world, but their absence or discontinuous nature in
the basins of Northern Turkey does not permit the precise levels of
correlation possible in other areas, except for the lowest part of the
stratigraphic succession, The present study indicates that the Alacaagzi
Formation probably belongs to the Namurian A - B stages, and possidly
extending into the Lower Namurian C. A possible correlation of the members

of the Alacasgzy Formation is indicated in Fig. (7).
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2.4,4. KOZ]U FORMATION

The type section is at Kozlu in the Zonguldak area, and particularly
in the Tstanbul-Zonguldak road cutting, although the hasal contact of this
formation with the AlacaaZzi Formation is not readily identified here,
According to BayMal (1971) the sequence commenves with the Kurt Serif
Conglomerate. In this study the mudstones below the Kurt Serif Conglomerate,
formerly considered to form the upper part of the Alacaazzi Formation in
the Zonguldak area are assigned to the Kilic "Member" in accordance with the
views of Zeiller and Ralli (1895, 1896), although these authors placed these
muddy beds in a separate unit lying between the Alacaagzi Formation and
Kozlu Fomation. The second member of the Kozlu Fomation comprises a
succession of fining-upward cycles, each grading from pebbly sandstone into
fine-grained sandstone and varying in thickness from 20 ~ 60 metres.

These beds are here termed the Dilaver "Nember"(Jﬁg.16,17,18,19,20).

The Uprer boundary of this formation is marked by thick conglomeratic
layers just above the Agop coal seam. The Kozlu Formation is well-developed
throughout the sandy arca and the thickness in the type area is more than
700 metres. The 1ithology of the Kozlu Formation can be characterised as
consisting almost entirely of continental clastics and prolific coal seams,
Indeed, it contains rore coal than any of the other formations., The 1lithology
of the Xozlu Formmation can be summarized under the following lithofacies:

1. Mcnaceous carbonateous sandstones

2. VYedium grained sandstones

3. Coarse grained sandstones

4. DPebbly sandstones with scour fills

5. Itassive or horizontally bedded framework conglomerates

6. Organic rich mudstones

7. Seat-earths and coals.
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Laterally this formation can be traced from Zonguldak towar's fmasra in
the east and southeast to the Azdavay area. Although there are no Kozlu
Formation outcrops in Alacaagzi, Kire¢likaZzi and Pelitovar1 areas, the
formation can be detected from boreholes. The Kozlu Formation contains
an abundant mecaflora and spores. The biostratigraphic data will be given
in more detail for each member (see below). According to this floral
content the Kozlu Formmation falls approximately into the Yeadonian-

Westphalian A sequence,

2.4.4.1. KILIC "MEMBER"

This lower member has a limited lateral extent, occurring only within
the main Zonguldak basin, where its thickest development (30 metres) is
attained in the upper part of the Upper part of the Gokgdél section., Apart
from this type section, Kilic equivalents can be detected in the Upper
part of the Ulutamdere section, in the eastern part of Ihsaniyedere at
Zonguldak.

The basal boundary is placed within the mudstone sequence immediately
above the topmost sandstones of the Alacaafzi Formation (Asma member). The
absence of a sharp lithological break is attributed to the fact that the
fining-upwards cycles that constitute the Asma member of the Alacaagza
Fomation gradually pass upwards into the Kilig "Member". On the other
hand the upper boundary of the Kili¢ with the overlying hard pebbly cand-
stones of the Dilaver "Member" is abrupt, This is the most poorly exposed
member of the Kozlu Formation. The typical Kilic "Member" lithology is
dark grey nmudstone and siltstone, and further details are presented in
Chapter 3. The Buyuk Kilig, Topuz, Sulman, Civelek and OmeraZa are
important coal seams occurring in this member. Plant fossils are abundant

and are indicated overleaf, with the principal localities;
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LOCALITY: 37; South of 520 Coal Colliery.

PLANTS: Neuralethopteris larischi (SUSTA) LAVEINE
Neurodontopteris cf. beraliana (ZALFSSEY) comb. nov.
Spher ophyllum amplum KIDSTON
Annularia jongmansi WALTON
Nariopteris beneckei HUTH

LOCALITY: GELIX I; From road cutting, before Gelik Colliery.

PLANTS: Lyginopteris baeumleri (ANDRAE) GOTHAY
Neuralethopteris schlehani (STUR) CREMER

LOCALITY: Acak Yarma 8; West of Guntepe Colliery

PLANTS: Paripteris gigantea (STERNRERG) GOTHAM
Lepidostrobophyllum sp,
Neuralethopteris schlehani (STUR) CREMER
Karinopteris acuta (BRONGNIAR’I‘% BOERSMA
Lycinopteris baeumleri (ANDRAE

According to the floral evidence the lower part of the Kilig¢ "Member" is
best assigned to the Namurian C (Yeadonian), while the upper part of this
member is of lower Westphalian A age and is thus compatible with the Kozlu

Formation, as noted by Ami (1939).

2.4.4.2. DILAVER "MEMBER"

This upper member of the Kozlu Formation is exposed throughout the
entire Carboniferous region of Northern Turkey, extending for about 200 km
from west to east. The type section is at Dilaver, in the Zonguldak area,
(Asma-Dilaver road cutting) and the maximum thickness of the Dilaver
"Wember" is about 700 metres.

The base of the Dilaver "Member" is taken at the base of the first
conglomerate (Kurt Serif), while the upper boundary of the Dilaver "Member"
is generally marked by the abrupt appearance of a further series of thick
conglomerates (12 - 30 metres) . Lithologically the Dilaver member consists
of mudstones, sandstones, and conglomerates showing great lateral variability

and arranged in a succession of fining-upward sequences, generally
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dominated by thick sandstones. These rocks can be assigned to several
lithofacies, namely:

1. Vuddy siltstone

2. Vedium-grained cross-bedded sandstones

3. Coarse grained cross~bedded sandstones

4. Pebbly sandstones with scour fills

5. Massive or horizontally bedded framewoxrk conglomerates
6. Massive, matrix-supported conglomerates
7. Organic-rich mudstones

8. Seat-earths and coals

The Dilaver "Member" outcrops extensively overlie in the Zonguldak area,
but its soft nature leads to much obscuring of exposures through heavy
alteration, and it is therefore difficult to correlate exactly from one
outcrop to another. In the Amasra area there are few exposures of the
Dilaver "Member" the outcrops being strongly disturbed by local faulting
and heavy alteration., However, towards the far east of the Amasra area
near Ozkem village, road cuttings through part of the Dilaver "Member" are
found. The Dilaver "Member" {s very important with the presence of a
number of coal seams renderhﬁhis "Member" very important economically,
as discussed in the next section.

The range of faclies present in the Dilaver "Member" of the Zonguldak
area has yielded a variety of floral assemblages but only a restricted
fauna, such as fish scales, .

Rhadinichthye sp,

This member contains abundant plant fossils, as shown below with their
localities also indicated on the (Enclosure1).

LOCALITY: II; Upper levels of locality Gelik I.
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Neuralethopteris schlehani (STUR) CREMER
Sphenopteris limai ZFIILER
Asterophyllites palaeceous STUR

"Seeds"

Agik Yarma 6; West of Guntepe Colliery.

Sphenopteris limai ZEITLER

Agik Yarma 7;150 metres further north from Locality 6

Sphenophryllum amplum KIDSTON
Karinopteris_acuta (BRONGNIART) BOERSMA
Sphenopteris limai ZEILLER
Neuralethopteris schlehani (STUR) CREMER
Sphenopteris (Renaultia?) cf. typica (STUR)
lLepidostrobus sp.

Westphalian A (Lower?)
Acik Yarma 8; 300 metres further north from Locality 7.

Paripteris gigantea (STERNBERG) GOTHAN
Lepidostrobophyllum sp.
Neuralethopteris schlehani (STUR) CREVER
Karinopteris acuta (BRONGNIARTg BOERSMA
Jycinopteris baeumleri (ANDRAE

Yeadonian=Westphalian A
Acik Yarma 10A; approximately 500 metres further north of
locality 8.

Yariopteris mosana WILLIERE
Asterophvllites cf. palaeaceus STUR

Namurian-Westphalian A

Acik Yarma 10B; higher level of locality 10A.

Neuralethopteris schlehani (STUR) CREMER
Sphenopteris ,f. pseudocristata STERZEL
"Seeds"

Namurian-Westphalian A

33 Bouth of Kirat Tepe
Neuralethopteris schlehani (STUR) CREMER

cf.Karinopteris acuta (HROGNIART) BOERSMA
Namurian Westphalian A
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According to Wagner (pers. comm. 1981) the Sphenopteris Limai ZFILLER

recorded from localities, Agik Yarma 6 and 7 has been found only in the
Zonguldek region and is not known in European locations, This plant was
placed in Westphalian A - Westphalian B by Zeiller, but since this species
has not been found at stratigraphic levels higher than that of locality 7,
which otherwise contains species confined to the Lower Westphalian A or

Yeadonian, it is likely that the range of Sphenonteris lLimai does not

extend into the Westphalian B as proposed by Zeiller, in the Zonsulda* area.
I0CALITY: 40; East of Yegildaz Tepe

PLANTS: Cf. Paripteris sp
Karinopteris acuta (BRONGNIART) BCERSMA
Tyginopteris hoeninghausi (BRONGNIART) KIDSTON
Sphenophyllum cf. cuneifolium STERNBERG

RANGE: Westphalian A
According to the fossil evidence this member may be approximately

assigned a Westphalian A age. However, the upper part of the member laterally
passes into a lithological sequence closely resembling the Karadon

Formation, which has been assigned a Westphalian B age.

2.4.4.3. GENERAL CONSIDERATION CONSERNING THE AGE, CORRELATION AND
ECONOM1C ASPECTS OF KOZLU FORMATION

(i) Correlation of the different areas according to spore content:

Major time-stratigraphic intervals are delineated by the most abundant
spore taxa and by the occurrence of certain genera and species that have
relatively short stratigraphic ranges. Several authors, such as Artuz
(1957, 1963); Yahgiman (1956, 1959, 1960, 1961); Ergonul (1959, 1960, 1961);
Okay and Artiz (1964); Agrali (1964, 1969, 1970); Agrali and Konyali (1969);
Akyol (1968, 1974) and Nakoman (1976, 1977), have indicated that the Kozlu
Formation contains the thickest and most widespread coals in the Carboniferous

of Northern Turkey, and that Lycospora and Densosporites are the most
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abundant spore groups. However, Calamospora, Cyclogsrainsporites,

Crassispora and Punctatisporites are also present. AgZrali (1969, 1970)

attempted to correlate the Zonguldak and Amasra areas. He recosnized

six palynological zones and thirteen sub-zones of the Westphalian A
sequence in the Amasra area. His A1 zone is equal to Nakoman's (1977)

A2 zone in the Zonguldak area which yields approximately the same spore
content as in the "Qay" coal seam, However, the A1 zone of the Zonguldek
area, which basically contains Kilig "ember" coal seams does not appear
to be represented in the Amasra area { Akyol, 1974). Also Nakoman (1977)
suggested that his zone 5 at Zonguldak is not represented in the Amasra

area (see Fig, 8 ).

()  Correlation of the Different Areas According to Fossil Flora and

Coal Seams;

The Kozlu Fermation also has a rich megaflora, consisting of about fifty
nominal species, nearly all of which are from the Zonguldak, Felitova of
Kurucagile area and Azdavay areas, and several of these have been considered
new species or genera by previous workers. Yore than thirty floras have
been collected by the present author, in the Zonguldak, Pelitova and
Azdavay regions, during the field seasons of 1979 and 1980. Fowever, in
the Amasra region the Kozlu Formmation is known almost entirely from mining
galleries and boreholes and the fossil evidence indicates that, after
formation of the Alacaarzi sequence, deposition continued with only minor
interruptions through the Westphalien (Baykal, 1971). There is much
confusion about the correlation of the various Kozlu Formation seams. The
same name has been given to different seams, and the same seam has been
assigned different names for different areas. As a result, information

derived from the literature is hard to evaluate, and the use of coal seams
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ag stratigraphic marker horizons in Northern Turkey is not yet reliable.

However, in the Zonguldak area the coal-bearing sequences have been fairly
precisely correlated on the basis of spores in the coals and stratiggaphical
position in the sequence (Fig. 9 ).

The outcrops of coal-bearing rocks are rather scarce in the area;
approximately thirty coal occurrences have been recorded many of which are
prospects or small abandoned mines, and more than ten of these localities
have been mined seriously. The Kozlu Fomation in the Zonguldak area
contains 17 workable seams ranging from 1 - 2.8 metres in thickness and
totalling 28.9 metres of coal (Biron 1961). Boreholes indicate that in the
Bartin area (Amasra) the Kozlu Formation reaches a thickness of 150 -

300 metres and contain thick mineable coal seams, especially "Dokikk" coal
sears, Both the Pelitova zone of the Kurucagile area and the Azdavay area
(Enc.3~4 ) display a strongly disturbed and imbricated structure. Thus, only
the Nanepinar mine is still operating in the Pelitova, and the Maksut mine

in the north of the Azdavay area, while others, such as the Ilyas Gecldi-

dere mine in Pelitova, the S6&iitozii mine in the north of Azdavay were

abandoned several years ago because of mining problems. However, according
to fossil plants and palynological studies, Namurian and Westphalian A

Formmations do not appear to be present in these areas.

(i) General Correlation with Western Furope.

On the basis of fossil plant evidence the lower boundary of the Kozlu
Fomation appears to lie below the boundary between the Namurian C
(Yeodonian) and Westphalian A in Westemn Furope. It should be pointed out
that the Westphalian of north-westem Europe has been distinguished rather
arbitrarily from the Upper Namurian,since in most areas marine bands occur

throughout the Uprer Namurian and the lower Westphalian. However, Upper
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¥egmurian megafloras are virtually indistinguishable from those of the

lowermost Westphalian and there is apparently no major faunal or floral

break either (Wagner & Higgins 1979). Thus it is difficult to establish the
Vamurian/Westphalian boundary all over the studied area in Northem Turkey.

Only the Westphalian A/B boundary is marked by a fairly sharp change in

floral and spore assemblages.
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2.4.5. KARADON FORMATICN ’

The most typical develofment of the Karadon Fomation is in the Kozlu-
Zonguldak road cutting and various parte of the Zonguldak area (Enclosure 1.
However, rocks assigned to the Karadon Fommation are also developed in the
Anasra, Pelitova and Azdavay areas,

The lower boundary of the fomation is taken at the abrupt lithological
break below the conglomerates marking the base of the Karadon Formation.
(See Fig.a). However, despite this rapid change in facies the presence of
transitional layers with composite floras proves that deposition has been
continuous. The upper boundary of the Karadon Formation with Kizilla
Forration is transitional. However, it is possible that this
chronostratigraphic boundary is marked by the "Tavan" coal seams of the
Karadon Formation in the Amasra area (Tokay, 1961, Agrali, 1970).

The gross geometry of the Formation can be described as a wedge that
thickens eastwards from the Zonguldak area towards Amasra, where it attains
some 500 metres (according to borehole evidence). Coal-bearing beds are
mostly found in the lower part of the Karadon Fomation., The coals are
irregular in thickness, especially in the Kilimli and Ihsaniye coal mines
of the Zonguldak area. On the east (Kilimli) side of the Zonguldak area there
are more mineable coal seams than in the western (Thsaniye) part of the
area, and there are even more thick seams farther to the east in the
Amasra region,

The Karadon Formation comprises a complex assemblage of ncn-marine
conglomerates, sandstones, siltstones, mudstones‘, coals and some refractory
clays (Schieferton). They can be designated under several lithofacies:

1. lassive or horizontally bedded framework conglomerates
2. Masrive, matrix-supported conglomerates

3. Coarse-grained, cross-bedded sandstones.
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4. Micaceous carbonaceous sandstones
5« Organic rich mudstones
6. Seat-earths and coals

The Karadon Formation, and especially the upper part of the sequences of
organic-rich mudstones contain clays and shales that form actual and potential
mineral resources. These fire-clays or "Schieferton" of the Karadon
Formation have been tested for their fire-brick potential and have been
extracted by Sumerbank at Filyos since 1945.

The vertical variations in the gravel/sand/ mud proportions, the grain
size and sedimentary structures can be used to divide the formation into
different facies associations, details of which are presented in Chapter IV,
However, the inter-relation of these sequences through time and space is
fairly complex and lacks lithological distinctness, so that they cannot be
regarded as members. Precise mapping of those sequences is by no means
impossible, but would require a great deal more time that would be devoted
to 1t during the present study (Fig,17,18;20,23).

The flora of the Karadon Formation obtained in this study is shown below,
as identified by Wagner (pers. comm. 1381).

ZONGULDAK AREA
LOCALITY: 26; South of Kilimli
PLANTS: Annularia jongmansi WALTON
Agterophyllites sp.

Calamites sp. indet.
Alloiopteris sp. indet,

RANGE: Westphalian A - B

LOCALITY?: Acik Yarma 10C; approximately 100 metres further from
Locality 108,

PLANTS: Eusphenopteris cf., obtusiloba (BRONGNIART) NOVIK

RANGE: Westphalian A-B



LOCALITY:
PLANTS:

RANGE!

LOCALITY:
PLANTS:

RANGE:

LOCALITY:
PLANTS:

RANGE:

10CALITY:
PLANTS:
RANGE:

IOCALITY:
PLANTS:
RANGE:
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153 10 Temmuz Mevkii, just behind the Primary School Garden,

Sphenophyllostachys

Sphenophyllun emerginatum BRONGNIART
Fusphenopteris obtusiloba (BRONGNIART) NOVIK
Alloiopteris sp.

Karinopteris (Sphenopteris) andraeana (V. ROEHL)
Lonchopteridium karvinensis (Purkynova) comb. nov,
Mariopteris muricata (SCHLOTHEIM) ZEILLER
Paripteris lunguaefolia BERTRAND

Palmatopteris sturi GOTHAN

Westphalian B (Lower)

22; Buyikk Kilic Colliery, over the gate of galarie.
Fusphenopteris schumanii (STUR) VAN AMERON

Westphalian A - B

Odun Deposu; in the Zonguldak-Ankara road cutting.

Asterophyllites grandis STERNBERG
Mariopteris sp. indet,

Annularia jongmansi WALTON
Alethopteris davreuxi BRONGNIART

Westphalian A (Upper) - Westphalian B

BARTIN (AMASRA) AREA

Sondaj 60; from 860 metres.

Paripteris linguaefolia BERTRAND

Westphalien B - C

Sondaj 78

Mariopteris muricata (SCHLOTHEIM) ZEILLER

Westphalian A (Upper) - C (Lower)
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AZDAVAY ARFA

I0OCALITY: Ozkem 2: 500 metres south east of Ozkem village.

PLANTS: Variopteris muricata (SCHIOTHEIM) ZEILLER
Sphenopteris sp.
Fusthenopteris obtusiloba (BRONGNIART) NOVIK
Sphenopteris (Crossotheca) Schatzlarensis (STUR) KIDSTON
Sphenopteris artemisiaefoliocides CREPIN
Cordaites Bp,

RANGE: Westphalian B

All these fossil plant clearly indicate that the Karadon Formation belongs
rainly to Westphalian B and may extend into Westphalian C. It is noteworthy
that none of the plant assemblages range into Westphalian D and it therefore

appears that the Karadon Forration does not include rocks of Westphalian D

age.

2.4.5.1. GENERAL COSIDERATION CONSERNING THE AGE AND CORRELATION OF
KARODON FORMATION

Traditionally, the base of the Karadon Formation in the Zonguldak area
has been rerarded as part of a regional unconformity. Ralli and Zeiller
(1895, 1896) proposed the existence of a hiatus between the Kozlu and
Varadon Formations., However, Egeren (1959) has concluded that the fossil
plants indicate the presence of "transition beds" between these Formations.
Ami (1932) offered a phytopalaeontologic solution for this boundary stating

that lonchopteris is characteristic of the upper part of the Kozlu Formation

but an assemblage including lLonchopteridium, lonchopteris Chaudescise BERTR.,

indicates the lower part of the Karadon Formation, which he termed the
"Theaniye Reds". Jongmans (1939) pointed out that the lower Faradon of the
Azdavay area contains plants indicating equivalence to the middle and upper

parts of the Kozlu Formation at Zonguldak which implies diachronous
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downward migration of the lithological boundary towards the east. Grancy
(193¢) pubdivided the ¥Faradon Formation of the Azdavay area according to
fossil plant content into three units: The Lower Karadon; (assigned to

the Upper Westphalian A and Lower Westphalian B); the Middle ¥aradon

(Middle Westphalian B - Westphalian C); and the Upper Karedon (Westphalian C-
Stephanian)., Tokay (1961) recognized similar divisions in the Amasra area.
He adds that the Westphalian B can be distinguished fror the Westphalian A
by the phytopalaeontological evidence. The upper limit is considered to be

e refractory clay horizon which generally forms the base of the Westphalian C
and is known as the "Schlehan" unit. However, AZrali (1970) assigns this
unit to the Middle Westphalian C. According to Tokay (1961) beds allocated
to the Westphalian D stage consist of sandstone and conglomerates which
overlie the "Tavan" coal seam (Westphalian C). According to Yahgiman (1961b),
it is very difficult to distinguish Westphalian A and Westphalian B in
Northermn Turkey by means of spore content. The reason is that

Setosisporites praetextus exists in both Westphalian A and B, thus

definite identification of Westphalian B depends on finding Pollenites,
because this spore does not exist in the Namurian or Westphalian A, Agrala
(1970) recognized five palynological zones (twelve subzones) in the

Vestphalian B of Amasra, according to distribution of Densosporites and

Lycospora spore groups. He also erected four palynological zones and
twenty one subzones in the Westphalian C of the Amasra region (Fig.10).
He suggested that after deposition of the "Kalin" coal seam, there is some
discontinuity in the sedimentation.

Up to the present day it has not proved possible to subdivide the

Westphalian B and C successions of Northern Turkey in a satisfactory manner.



AMASR A

Zone Coal Seam
. C 21 ] e
TAVAN . [ c20] &
Cé L c19] 5
0 KALIN --==———- €18 -
- E
L O3 ARA e [es] 2
= . c14 <
< TASLT == ======= -C134 @
— UCUNCU oo RINE:
<C| C2| IKINCl . _c10] B
I .. L ] =
o BIRINC] oo L c8
— ]
n L
L - 4
= | C1 - 12
L 18
. c1

Agrali(1970)

C- Palynological zones.
c - Palynological subzone

Fig 10- Palynological zones of Amasra area after Agrali, 1970.



21

Wagner (1975) has suggested that the Westphalian B/C boundary in Vestem
Europe can only be detemined accurately in the belt of Paralic coal
measures. On palaeontologicel criteria this boundary cannot be placed
exactly., Therefore it may be correct to include the Karadon Formatlon
entirely within the Westphalian Band C. The base of Karadon Formation is

marked by the disappearance of the Lyginopteris flora, while the presence of

the Westphalian C is marked by the abundance of Neuropteris and by Paripteris

Linguaefolia, According to Tokay (1961) and Agrali (1970) the top of

Yestphalian C is marked by Tavan coal seam, in the Amasra area., The upper
part of the Karadon Formation sequence is not known in the Zonguldak area,
but is developed in the #masra and Pelitova regions becuuse of the unconformably
overlying limestones of the Cretaceous, which transgress rather abruptly
on the different horizons of this fommation in the Zonguldak area.

The correlation potential of non-marine bivalves is rather good in the
Westphalian of NW Europe. However, in Northem Turkey there are no
significant occurrences of bivalves in the Karadon Formation,

Finally, the Karadon Fommation can be correlated with the lower
Penngylvanian rocks of the United States, (Artuz, unpublished data, 1980),
and may include the entire Moscovian of the U.S.S.R., together with
the upper part of the Bashkirian (Pig. 5) according to the correlation

chart presented by Einor et al., (1979), In the U,S.S.R. the position of the
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Bashkirian/Mescovian boundary is still controversial in so far as correlation
with Western European units is concemed. However, Steponow et al., (1962)
placed this boundary at a position corresponding to the Westphalian B/C
boundary in Western Europe.,

2.4.6, KIZILLI FORMATION

Rocks assigned to the Kizilli Formation typically occur only to the east
of the Zonguldak area, for example in the Pelitova area of Kurucagile,
and in the Azdavay area, especially near Kizilli village. However, the
original extent of the Kizilli Fomation in the Zonguldak area is unknown.
In the Pelitova and Azdavay areas, the base of the Kizilli Fomration is
represented by pebbly sandstones and pink sandstones which overlie the
"Tavan" coal seam of the Karadon Formation. These pebbly beds are followed
by the Kurudere coal seam group consisting of three closely-spaced seams.
The K121111 Formation is covered unconformably by Cretaceous flysch in the
Azdavay area, although in the Pelitova area the Kizilli Formation is
followed by Permian red beds, in slightly faulted contact.

The K1z1111 Formation frequently displays two major facies associations:
a "coarse member" consisting of sandstone and intraformational conglomerate
and a "fine member" dominated by siltstone and mudstones. However, commonly
there is no sharp distinction between successive coarse and fine members.
In the Pelitova area, coal seams near the base are followed by greenish
argillaceous sandstones, while the upper part includes poorly consolidated
green and wine-red mudstones and sandstones, which are slightly carbonate-
cemented, The maximum thickness of this succession is aprroximately
100 metres, and is attained in the type-area of Kizill. in the Azdavay

area (Hg°21,22’24,25)0



The Kiz1111 Formation contains a limited flora, as follows:

LOCALITY:
PLANTS:

RANGE:

LOCALITY:
PLANTS:

RANGE:

LOCALITY:

PLANTS:

LOCALITY:
PLANTS:
RANGE:

IO0CALITY:
PLANTS:
RANGE:

LOCALITY:

PLANTSS

These fossil flora indicate that the Kizilla Formation may be assigned

Pelitova; Nanepinar

Alethopteris grandini (BRCNGNIART) GOEPFERT

Sphenopteris limai ZEILLER

Westphalian C = D

Cide, IGD.5; Ilyas gecidi dere

Fusphenopteris neuropteroides (BOULAY) NOVIK
Sphenophyllum emarginatum forma truncatum SCHINVPER

Westphalian D

Cide, IGD.7; Ilyas gec¢idi dere

? Lobatopteris cf. vestita (LESQUEREUX) WAGNER
Neuropteris attenuata LINDLEY & HUTTCON
Lobatopteris cf. calva WAGNER

Westphalian D

Cide, IGD.8; Ilyas gecgidi dere

Neuropteris cf. scheuchzeri HOFFMANN

Westphalian D

AZDAVAY AREA

Azdavay - Yahyabeg village
Veuropteris attenuata LINDLEY & FUTTON

Westrhalian C - D

Azdavay - KI - 4 (Kizilli village)

Neuropteris ovata HOFFMANN var. ovata

29
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to the upper part of the Westphalian C, but is mostly of Westphalian D age.

2.4.6.1. GCENERAL CONSIDERATION CONSERNING THE AGE AND CORRELATION OF
THE XIZILLI FORMATION

Agrali (1970) recognized two palynologic zones in the (concealed) West-
phalian D sequence of the Amasra area, He showed that the rocks of the
lower Westphalien D zone (termed the Kurudere Series by AFrali) contain
assemblages rich in the lLycospora spore grcﬁp. However, the rocks of the
Upper Westphalian D zone (named the Bakacak Series by Agrali) contain

abundant Densosporites spores. This author suggested that the lower,

middle and upper Kurudere coal seams can be found at different levels in

different boreholes,

The upper part of the Kizilli Formation contains red beds. Actually
red beds (possibly at much higher stratigraphic levels) had been recognized
to the east of the studied area in Bayburt by Ketin (1951). Later, Agar
(1977) suggested a volcano-sedimentary origin for these red éeds.
Recently these strata have been re-examined by Wagner and Demirtasgli,
According to Dr. R.H. Wagner (pers. comm., 1980), Stephanian rocks are
represented in this area and altemmate with volcanic tuffs. This discovery
is important because further to the west in the Amasra area, the tem
Stephanian has been spplied to such red beds which up to the present have
not yielded definite Stephanien megaflora. For example, Tokay ( 1961)
and Ergoniil (1661) argued for the existence of Stephanian rocks in the
Amasra area. Their conclusion was based on the following criteria:

a) The appearance of certain spore species of Pollenites and Bentzisporites

knovn from elseshere to occur at the base of the Stephanian;
b) The local presence of a small amount of limestone in the sequence of
rocks assigned to the Stephanian, as opposed to the Westphalian D strata

vhich lack limestones. The conclusions of Tokay and Ergonul (1961)

were based on borehole materials but the surface exposures have not



61

yielded any direct evidence of Stephanian in the studied area. However,
the fossil plants collected in the present study demonstrate that the
beds here included within the K1z1ll: Formation are entirely of
Westphalian D age.
The Westphalian D stage is presently defined on the presence of the plant

fossil Neuropteris ovata, as in the north-west European type section, the

Lorraine Coalfield (Laveine, 1977). This plant foscil is also common in

the K1z11l1 Formation of the Azdavay area of Northern Turkey.

2.4.6.2, GENERAL CORRELATION OF THE LATE WESTPHALIAN

In the U,S.S.R., according to the palaeobotanical data provided by
Fissunenko (1974), the lower Mouscovian substage can be correlated with
the Vestphalian C of Western Burope. The Uprer Muscovian substage is also
correlated with the Westphalian D of Northern Turkey. The best section for
these late Carbonifercus. deposits occurs in the European part of the U.S.S.R.
and they have been assigned to the Kasimovian and Gzhelian substages. Bouroz

ot al.(1978,p.24)has suggested that "the Gzhellan land plents of the

Eurarerican realm are generally those of the higher Stephanian and the
assemblages are not too different from those of the Kasimovian",

Yorthwest Europe during Moscovian or Upper Westphalian times suffered a
sharp decrease in marine sedimentation and correlation is therefore

mainly on the basis of floras, aided by non-marine bivalves. The continental

environment seems to have advanced at this time all over the world,
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2.5 TRCTCNIC_CONSIDERATICONS

As shown in the peclozical map (Fnclosure 1), the main Zonculdak
'gieé dgaplays anticlinal and synclinal ctructures of general east-
west trend. Dips on the northemn 1limbs are generally lower then those
or the south, indicating a distinct asyrmetry to the structure. Yoreover,
the southem 1imb of the rain syncline isrcomplicated by a number of
minor folds and associated faults of genoral east-west direction. These
structures will be detailed below.
2.5.1.  RASIN VARGIN AND VARGINAL FAULTS

Starting from the south of the basin in the Zonzuldak area the
visean limestones are almost continuously exposed, resting on older
formations as mentioned earlier in this chapter. All along the
southern half of the bﬁsih the limestones dip at high angles to the
northwest, reaching 70°- 80° in the Uziilmez Dere (Dere = stream), Vokaksu
dere, Ulutemdere in the Zonpuldak area. It was probably this steep
dip that persuaded previous workers to state that the southem boundary
was faulted. FVowever, the field evidence rresented earlier conceming
the Alacaazy Forration rrovés'ihat boundary represents a lithological
trensition but has bren subsequently affected by margiral faulting around
ruch of the basin, although the northem margin of the basin has not
been obsei&ed, Béihé concealed now below the waters of the Black Sea,
This lower part of the basin filling sequence is exposed only in the
Zonguldak and Amasra areas; further east in Azdavay there is no trace at
outerop of a Visean - Narurian contact, although some boreholes in Azdavay
area have penetrated Visean lirestones at depths exceeding 300 metres.

Generally speaking, the structure in the Zonguldak area is broadly

gn elongate dome sﬁape. Tﬁé west flank of thisg dome, dipping into the
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Bleck Sea, forms the under sea reserves of Yozlu areca. This flank dips
2t aprroximately 40 degrees, as seen in the Bircnc galari profile
(Fig. 2 ).

In the Zonguldek area the principal enticline and synclines have been
nemed by Ralli (1933), the Kozlu anticline, ifziilmez syncline, Tliksu
anticline ard Alecaafzi syncline. According to Tokay (1961) two
anticlines and two synclines occur in the Amasra region, namely the
Inkum snticline, Gavarpinar syncline, Disteclik anticline and the
Tarlazzzi trough,

In the present account orly very brief notes w%ll be given on the
major faults wrich cuts the area, according to their importance. The
¥idi Fault dips 400- 50° W, displacing in the Qaydamar mine the
upperrost seams of Alacaa3zi Fommation, or lowerrost Kozlu Forration.
The Karadon Fault foms the westem temination of the mining area,
but is not accurately known. The other major fracture is the ¥uzey
Feult, found in the north of the Zonguldak basin. Sraller in throw,
but still important, is the ¥Vilorero fault which has a displacement of
40 metres and forms the northeast toundary of the undersea workings,
The Incirharmen Fault, which is quite prominent in all the mine-vorkings
and has a westward horizontal throw of 10 metres, is also importznt for
mining. Tokay (1961) has susgested that the general tectonic movements
took place during the later part of Westphalian D times, producing
cross-folding superimposed on the intensive fold and thrust structures
in the esstern part of the basin, and gave isopachous map of Amasra area.

In the Azdavay area Cretaceocus flysch contains disrlaced and mixed
slide masses of Westphalian A,B,C and Mamurian rocks., Underneath this
group, at depths to which only a few boreholes penetrated, there is an
almost outhcctonous relatively less disturhed sequence of Carboniferous

formations, consisting of probable TWestphalian D and older formaticns,
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CHAPTER 3

-

' DEFINTTION AND D¥SCRIPTICN OF ILITHOFACTES

3e1. INTRODUCTION

Nowadays, most clasticueedimentologists use the temm lithofacies
only in the descriptive sense, suoh as "cross-bedded sandstone" In
other words, the usage cf the term is restricted to the description of
rocks or group of rocks differing from the others by virtue of their
primary lithologic characteristics. These facies-defining lithologic
parameters include° composition, colour, grain size, sedimentary
structures, organic remains, geometry and boundary relations. The
clastic lithofacies analysis offered here is bagsed almost entirely
upon field observations, and is therefore by no means complete or

fully objeotive. f
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3.2.  LITHOFACIES DESCRIPTION AND INTERFRETATION

oy oy

3.2.1. - IITHOFACIES 41; ARGILIACFOUS LIME VACKESTCNES

° .. AND'PACYSTONES WITH CHERT BFDS

De;cription:“ This litbofacies consists of argillaceous lime muds with
shelly wackestones and packstones. The rocks are dark to light grey
in colour on fresb surfaces. Patches of iron staining may be related
to bioturbation indicated by "swirling" fabrics in thin section.

Fine skeletal material is present, either scattered or in discrete horizons.
Thisﬁlit;ofacies is nainly found underlying the Alacaagzi formation and
also occurs in the transitional zone overlying the Visean limestone.
This lithofacies is best seen in the Kokaksu stream, 1.5 km south of
Zonguldak, and is~also well exposed at Ulutandere stream and Gokgol
sections (Figs 11,12,13)In the south the oldest part of the section is
unconformahly overlain by the Upper Cretaceous age Velibey Sandstone.

In the south the lower'part of the section consists of well bedded
'grey to crean coloured argillaceous lime nuds with some fine dolomite.
According to Dil and Yonydh.(1978), who first neasured the section,
faunas contained in these beds indicate that the Zonguldak coal field
is part of the same biogeo raphic Province as the Russian platfomrm.
Hisher in the section, broken bivalves, echinoderm debris and sparse
forarinifera _are present, scattered in laminated lime nudstones.l
Towards the top, arpillaceous lime wackestones containing fragments of
recrystallized nolluscs, foraniniferas, crinoid debris and algal clasts
are sparsely distributed in the matrix of argillaceous lime mud .,

The highest beds consist of a 0,5 - 1 m bed of coarse skeletal grain-

stones with occasional corals interbedded with lime nudstones and chert

beds which contain a sparse fauna of broken brachiopods, bivalves,
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echinoderms and corals,

Interpretation: The faunal content of there limestones ig indicative of

a shallow marine environrent (Pattison pers. comm. 1980). The combination
of grain, and rud-supported textures indicates variable conditions, which
are more likely to be encountered in such a shallow sea (Heckel 1972,
Wilson 1975). The fragmental nature of bioclasts, and the grainstone
aspect, due to the abundance of echinoid plates with syntaxial overgrowths,
sugrests that these rocks are high energy marine products. However,

lime and argillaceous muds deminate the sequence, sugtesting prevailing
low energy conditions (Folk 1959 and 1962, Dunham 1962). Therefore,
bioclastic material was probably introduced into a lowJenerg& environment
by stom-indicated currents, or excéptionally powerful tidal currehts.

The unbroken nature of many bioclasts suggests that some may have been
very locally derived.

According to one current concept, the silica is contemporaneous with
sedimeﬁtation} according to the other view, the silica is a post-
depositional replacerent of the host rock, generally a limestone., In the
first case the silica ray be carried to the sea by river waters and the
chert rust be biochemically depééited; To avoid this difficulty, the
second poncept appears much more logical. The s§licification of
lirestones, in which the calcium carbonate is replaced by siliea,
generally in the form of chert, is very common in ancient bedded chert
sequences of Pettijohn (1975). For example, the shallow-water
lirestone-associated cherts, called "eratonic cherts" by Fettijohn (1975),
are thought to be silicification products.

In summary, this lithofacies is interpreted as representing deposition

in a shallow, relatively sheltered lagoon or embayment.
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3.2.2. LITHOFACIES 2: YASSIVE CLAYEY LTVF "ACKFSTONE AND FUDSTONE

Description: This 1ithofacies varies from arsillaceous lime wackestone
to calcareous fossilifereous mudstone, ¥Fresh surfeces are dark blue and
crey i* colour, although some variation occurs, according to the

proportion of terrireneous claj.

This lithofacies is best seen in the Yokakeu dere, Ulutamdere, and

o

,okgol eections, 7onpu1dak, where it rakes up part of the Kokaksu
Yember. The mudstones contain numerous larpe bradhiopods, many in life
position, and also brvozoan and echinodermal fragments. Despite the

breakase there is little indication of ‘wear and the frapments arex

¥

randomly or*ented “with faunal ‘elevents (listed below) that again
su?rest a e%allow shelf environment ‘ o

1

The following fossils have been found in the Kokakeu sfream section
at Zonculdak, in the upwer part of lithofacies 2, and identified by

Pattison 1080),

Ginantoproductus elonpatus
"Gigantoproductus expansus
Gigantoproductus cf,
- Gisantoproductus cf. tulensig - . -
Productus indet

Interpretation;kiThe presence of both Iime mud and terrigeneous mud
indicatpe a quiet environment where fine material accumulated fxom
Buspension (Folk, 1°5°' Veckel 1972) Such low energy environments may
occur either in déep water or in very shallow sheltered environments
(Meckel 1972). ‘The nature ond distribution of the fauna suggests that
derosition was in o:shallow marine shelf environment, ¥oreover, the mud-
supported textureuofithis lithofacies throughout suggests the regional

occurrence of low energy conditions, which may be envisaged within a

shelf environment at or below wave-base.



3.2.3. LITHOFACIES 3: MUDSTONES WITH GONIATITE BEDS

Tescription: This lithofacies comprises dark grey to black mudstone, often

highly fissile and breaking with a conchoida;?fracture.miQoniatttes’occur

infrequently in such lithological units and this lithofaotos is gradational

to 1ithofacies 4 (Nonfossilifereous silty mudstone with siderite nodules).
Lithofacies 3 occurs typicall& in the Kokaksu Member of the

Alacaagzi Formation and good exposures include the Kokaksu stream

%
P ot es

section (Zonguldak) and Tarlaagzi section of the Amasra area (Fig._ )y
together with the roadside exposures of "Illksu" West of Zonguldak’ :
Mithin the mudstones the laminae are parallel and most are 1 - 3 mn -
thick, sometimes forming shales. The colour depends on the state of
weathering, Rusty brown limonitoﬂconting?occurs on nany bedding planes.
The fauna consists mainly of goniatites and pectinoid bivalves, «ijﬁ
Vost gonlatites are flat lying. No systematic examination of faunai
composition has been carried out in the present study.‘ The principal
localities from which gonlatites have been obtained, going from west
to east, are listed below: ( - o | | A
Road side exposures of "Iliksu" on tno Istanbul-Zonguldak‘road;‘ ‘»H
locality contains: | | o

Cravenoceras 5P
Chonetes 8D

"{okaksu" stream section, located 1.5 km south'of Zonguldek™ contains:
Dimorphoceras sp, = " IR

Streblochondria sp,

Dielesma cf, ’

Aveculopectan sp, =~ =~ T e o

Stenoscisma

Cravenoceras sp,

Anthracoceras sp,

Posidonia cf. corrugata

Posidonomia Becherli BROM = ' "' =~ "7 * oritlw e ea e

i .

Fan o et gaes e e e
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Nautiloid indet.
, Yyalina sp. .. o
Thillivrsenella sp.

Further east, the Tarlaagzi coastal section near Amasra, contains:

Anthracocerns -
Cravenoceras 8bv,.
Posidenia cf. corrupata
Canevella sp,

Interpretation: According to Heckel (1972), the dark colour of rudstone
is caused by high concentrations of finely divided iron sulphide and
unoxidised organic matter., He sugpested that the type of environment in
which such deposits were formed was generally inhospitable to benthonic
and nectobenthonic life.

The existence of plant fragments and abundant carbonaceous material
indicates the influence of a terrestrial influx on this marine environment.
The presence of the bivalves in the goniatite band suggests that here, at
least, conditions were not euxinic. However, it can be argued that the
fauna\lived in the upper oxygenated water and only descended to the floor
on death, in which case, the bottom conditions may have been euxinic. It
is penerally accepted that goniatite faunal bands represent periods of
high salinijy in an open marine shelf environment (Stevenson and Gaunt, 1971).
The absence of any features indicative of current activity, and the fine
grained nature of the sediment suggest that the sediments of this

1i{thofacies were deposited from suspension in quist marine waters.

3.2.4. LITHOFACIES 4; NON FOSSTLIFEROUS SILTY MUDSTONES WITH

STDFRITE NODULES

Description: This lithofacies dgvelbps,transitionally from the homogeneous
rudstones and grades into siltstones, by an increase in the proportion of

silt. Vhere the percentage of siltstone becomes significant, 1lithofacies 3

bYecomes indistinguishable from lithofacies 4. Depending on the silt
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proportion the appearance of this facles may vary ‘rom mudstones with rare
and faint silt streaks to current rippled and wavy silt and mud inter-
laminations., Scattered plant fragments and carbonaceous debris are comron,

This lithofacies is typically displayed in the Alacaagzi Formation,
especially in the Tarlaagzi coast section of the Amasra region, Other
exarples occur in the Kokaksu dere, Ulutamdere and Uziilmez dere (here
termed the Gokgdl section) stream sectione and the AlacaaZz1 coast section
of the Zonguldak area(Fig,11,12,13,14,15).

Siderite is present in this facies throughout the entire studied area.
In sequences associated with marine bands in .the Tarlaagzi section of the
Amasra area siderite layers alternate with grey silty mudstones (Plates 1-2).
These layers grade into segmented dish-ghaped nodular masses as the
enclosing sequence coarsens.and becomes less marine. The siderite nodules
may be up to 2 metres in diameter and 1 metre in thickness.

Interpretation: The fine grain-size and structureless nature of this
lithofacies favour deposition from suspension. The absence of marine
fossils and presence of fibrous plant fragments and coal debris all éuggest
fresh water influence and incursion of an advancing terrigeneous supply.

In other words, the environmental significance of this lithofacies may be
rather wide.

According to Bemer (p. 210, 1980), siderite is rare in modern marine
environments, We contends that siderite is not stable in the marine
envircnment and therefore is rare in modern marine sediments. Thus, their
occurrence in ancient shales may serve as useful palaecosalinity indicators.
Ve described siderite as a relatively common constituent of ancient non-
rarine sediments, where it is nomally found in association with coal beds
and freshwater clay. Miici et al. (1979) described siderite nodules in
the I'iddle Pennsylvainia coal-bearing sequences of Tennessee. They

observed two types of siderite occurrence:



Plate 1. Non-fossilifereous poorly laminated silty mudstones,

with siderite nodules (lithofacies 4 ) from the
Alacaa%z1 Formation.

Jocalitv: Tarlaafzi shoreline, Amasra area,
(Height of exposure iz 15 m).

Plate 2., Siderite beds displaying faint intemal lamination in

mudgtones of lithofacies; from the Alacaafzi Formation, -
Iocality: Ulutamdere (stream cut) of the Zonguldak area,
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"(1) fThe conformable disk-shaped masses in the marine intervals, and
(?) the irregularly shaped masses in the fresh water-swamp and uprer
deltalplain environrents,"
These authors asserted that both nonmarine and marine siderite deposits
are lithified quickly, whether they precipitated chemically os a primary
sediment or formed diagenetically,

In the light of above experience in the Alacaagzi Formation, siderite
occurs as conformable disk-shaped masses alternating with srey silty
nudstone which is considered to be marine in origin, FHowever, these layers
grade into segmented disk-shaped nodules as the sequence coarsens upwards,
which may be interpreted as thin siderite layers developed within the
lower delta~-plain environment,

Finally, the presence of ripple-laminated silty layers in
lithofacies 4 mav irdicate current reworking of already deposited sediment

by low energy currents (Simons et al., 1965:; Allen 1970),

3.2.5. LITHOFACIES 5; FOSSIIIFEROUS SILTY MUDSTONES

Description: This lithofacies consists of dark gZreen to grey mudstone

with an increased amount of silt. The mudstones appear darker and iron-

oid towards the top of lithofacies 5 sequences., It differs from lithofacies
4 through its faunal content. Additionally there are some layers rich in
corminuted plant debris. Also small horizrntal burrows are encountered on
bedding planes of the more silty units while coarse silt and fine =sand

also occur as siresks or lamination vhen abundant at certain levels. This
lithofacies ocrurs within the coarsening upward sequence that involves the
middle and upper portions of the Alacaagzi Formation. In the Gokgdl

section in Zonmuldrk the following fossils were found and identified by

Fattison (1980);
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Solenomorpha
Palaeoneilo sp.
Edmondia cf. sulcata
Myalinids

. Phestra 7

and Karadon Formation ( Plate 3 ).

Interpretation: The general fine grain-size of this facies Suggests
predominent deposition from suspension. However, undulatory laminated
g8ilt indicates current reworking of deposited sediment by low energy
currents (Simons et al., 1965; Allen 1963b, 1970 ). The silt content and
plant debris also .indicate a terrigenous supply.’ Although the fossil
content shows marine influence it is less fully marine than the goniatite-
rich faunas of lithofacies 3 (Ramsbottom, 197%), and sugcests a partially
enclosed lagoonal environment.,

This lithofacies shows close similarities with Elliott's (1974b)
interdistributqr& bay mudstones which generally develop in shallow water
bodies which may be fresh, brackish or marine. According to him, flood-
generated processes dominate interdistributary bay sedimentation and cambine
to produce an association of sedimentary sequences, each of which represent
infilling of the shallow bay. (See next Chapter, pp.108 ¥

The dark, iron-rich mudstones at the top of the Alacaarzi Formation
suggest deposition in a quiet sheltered environment which may be some sort
of interdistributory bay or’sheltered lagoon, frée from any high energy

accumulation of detrital sediments.

3.2.6. LITHOFACIES 6: NUDDY SILTSTONES

Description: This is essentially a siltstone facies with prominent mud
partings. The lithofacies commonly comprises 1.5 cm thick siltstone beds,
rboll& or partly wavy laminated, separated by mudstone laminae. Within
the dark siltstones there are occasional thin, light coloured, fine-

grained sandstones. This lithofacies is gradational into lithofacies 5



Plate 3. Tossilifereous silty mudstones, containing abundant flor:;,'

with some more blocky units of silty mudstone, from the
Karadon Formation (Lithofacies 5).

locality: Roadcut, 500 metres east of Ozkem village, N
in the Azdavay area. -

Plate 4. Muddy siltstones (Lithofacies 6), with flaser and wave;;

ripple lamination, probably representing a lacustrine

environment, from the Kilic 'Wember' of the Kozlu
Formation,

Locality: Gelik collieries road cutting, Zonguldak
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and 7, Corrinuted rlant fragments are generally concentrated on
teddins planes and their orientation appears to he randem, These plant
frarments ar- associnted with abundant tiny miea flakes , which occur in
the horfzontally laminated part of the muddy siltistones.

Thig 1ithofacies occurs in several outcrops, but is typical of the
Vokatsu Vember of the Alacaaszi Formatién and the Kilig Member of the
Yozlu Formation (Figs, 11,16 )y Karaden and K1z11la Formations(Plates 4-5).
Interpretation: This lithofacies is associated with both marine and
rornarine sequences, The occurrence and nature of the wavy lamination
gucrests the presence of low amplitude ripple fomms in the silt. Overall,
i+e 1ithefacies again aprears to have been deposited from susrension, although
with some fluctuation in the strength of currents (Collinson, et al., 1977).
T™he random orientation of plant frepments indicates that current activity
#»ag rinirmal and deposition was possibly at, or below wave-base. Levell
(1¢£0) suprests that a shallow marine occurrence of a comparable muddy
silts tone 1is possible. However, Allen, P.A. (1¢81a)has described

gir{lar lithofacies in the Devonian lake margin environments of

5.F., Shetlend.

3.,2.7. JITHOFACTES 7; ORGANIC RICH VUDSTONES AND CLAYSTONES

Degeription: This Jithofacies may be black, grey, green, cream or red
{n colour., The lithofacies is poorly laminated and contains a very
regtricted fauna. large plant fragments are abundant and widespread.

Semntimes lithofacies 7 contains Stigmaria rootlets, thus grading into

a reat-earth, Ironstone nodules and good specimens of "Neuropteris"

ard geveral other plants also occur., Fossil plants frequently occur on

top of the coals (known as a "roof-chale flora" in the literature).



Plate 5. Muddy siltstones with sandy streaks, displaying parallel 1
to undulatory lamination (Iithofacies 6), from the Kiz1lla
For~ation,

Jocality: Kizilli section of Azdavay area.

Plate 6. Orgonic-rich mudstones and claystones (Lithofacies 7)
mottled by rootlets, from the Kozlu Formation.
localitv: Dilaver section of the Zonguld-k area.
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#lgo nt this horizon most of the well preserved leaf and stem specirens
are found. Detalls of fossil plant occurrences are riven in Chapter 4.
Tis lithofacies is especially common in the Kozlu Formation all over
tre studied area, and is typically developed in the Ag¢ik Yarmma sectior,
? km northwest of ¥irat Tepe in the Zonguldak area (Enclosure I) Plate 6.
This typre of mudstone also has been found in the Kiz1lli Formation of the
Azdavay area (Yahyabes Village). At this last locality this lithofacles
ecntains the following bivalves, which were identified by Riley (1980);
Curvirumula sp,

Durvirurula trapeziforma
Carbonite (ostracods)

Orranic-rich black mudstones sometimes contain fish fragments as in the
Yozlu-Zonguldak road cutting exposure, 500 metres west of Zonguldak city
boundsry sign on the Istanbul road, This has been identified by Riley
(pers. comm., 1980) as:

Rradinichtuys sp.

This lithofacles sometimes contains fossil charcoal. Wote also that

the fire clay, known as "Schieferton" commonly altermates with thin
1{thofacies and coal bands (Lithofacies 18) are also found.
Interpretation: Finely laminated, organic-rich bl~ck fissile shale
units have previously been interpreted as organic-rich muds accumulating
in the centre of a lske or else during a phase of little detrital input
(Scott, 1978). Generally speaking, this lithofacies is deposited mainly
from guspension, (Allen 1965a) The plants may have already been living
cn the floodplain itself or else may have been brought in together with
the sediments. They are interpreted as floodplain deposits (i.e. overbank
derosits) rather than as interdistributary bday sequences(Elliott, 1974b),

becauge true marine fossils are absent, nnd because of their close
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lateral and vertical association with fluvial lithofacies. On the other
hand, the argillaceous nature of the mudstones and the presence of bivalves
ard rare fish scales indicate that the area was constantly under water,
such as would be conristent with lake deposition. Scott(1979) has
sugrested that such lake deposits were probably formed by swamp subsidence
and the nature of the flora would suggest that they come from swampy

lake margins. Alternatively, the muddy layers were deposited in shallow
temporary lakes or ponds which originated by ephemeral rainfall in flood-
rlain areas, A similar situation can be deduced for the sequence in the
Istenbul - Zonguldak road cutting (Plate 7 ). As shown in this section
thick conplomerate comronly succeeds this lithofacies. Therefore it is
sucrested that during periods of exceptionally high flow, when the stream
inurdated the flood basin, it wes sufficiently powerful to carve a shallow
"flood" channel through the floodplain, and thus carry with it coarse
srdirents, The rea coloured mudstones of the ¥1211li Formmation are similar
ir all respects (except colour) to the lithofacies 7 units of the Kozlu
Formation and are again interpreted as flood plain deposits formed in a

rather more arid environment (Plate 8).

3.2.8. IITFOFACIFS 8; PARALLEL TAVMINATED NTCACFOUS CARBCNACFOTS

SANTSTCONES

=escription: This lithofacies is usually represented by parallel-
lami{nated, grey to brown, moderately to well sorted, fine sandstones with
*r=fnstion rmarked by mica-rich layers carrying some carbonaceous material.
Fine to medium grained sand forms sharp-based beds up to 0.20 - 0,40 m

tn thickness. The lemination produced by differences in grain size, is
enrhapized by mica content and often by abundant comminuted plant

frar~ents, Occasicnally, thin quartz-rich streaks and isolated ripples



Plate 7. Orzanic rich dark mudetones, which have yielded fish
poalen (Iithofacies 7), from the top of the Kozlu

Formation; overlying conglomerates helonging to the
Varadon Forration.

Jocality: FKozlu=Zonguldek road cutting,

Plate 8, Red mudstones with thin silty partings (Iithofacies 7);
from Kiz1lla Formation,

Jocality: ¥Kizilla section of the Azdavay area,
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necur, This 1ithofecles 1s generally succeeded by riprle-laminnted or
troush crosp-leninated sandstone., In a few cases parallel-laminnted
gandstrnes follow pebbly sandstones, or these facies may anltemnte with
eack other tn forr lenticular sand bedies, renerally occurring near the
bose of the fineing upwirds sequences.

™1 1ithofacies typlieca’ly occurs in the "nzlu Formation, especially
in the Agik Yarma, Gelik sections and the Kozlu-Zonpuldak road cutting
(Plate9"9)of the Zonguldrk area.

Interpretation: According to Farms et al., (1975) rarallel-laminated and
lox-anrle planar cross-stratified srdiments are characteristic of the
breaker zone and zone of swash and backwash, but similar structures may
te formed in slightly deeper water close to river outfalls where the sea
or lake shore gradually shoals,

P.A,Allen (1981a)haa sugrested that the presence of horizontally-
ptratified fine sandstones in the Devonian 1lacustrine 8sequences of
5 © Shetland, results from the vide distribution of river-derived sediment
ratrer than concentration in deltas,

In the study area the grain size and abundance of easily transported
raterial within this lithofacles sugrests deposition in a relatively
rheltered area mainly from suspension but with some minor traction to
account for the isolated ripnles., The parallel laminated nature of the
esandatonen, combined with parting lincation and good sorting or winnowing,

{ndicates deposition from unidirectional currents in the lower part of

tha upper fow regima (Allen 1964, Simens et al., 1965).

3.2.5, LITHCFACIES 9; MASSIVE FINE GRAJNED SANNSTONES

Darcription: This lithofacies is characterized by fine to medium grained,
roleorately sorted sandstones, and the presence of micaceous and disseminated

earbenaceous material, The beds are 1 cm to 1 metre in thickness. The



Plate 9. Parallel-laminated micaceous, carbonaceous sande
stones (Lithofacies 8), from the Kozlu Formation.
Locality: Kozlu-Zonguldak road cutting., ‘

Plate 10. Close-up of parallel laminated sandstone
which contains carbonaceous and micaceous \
material associated together with poorly ripplew
laminated fine sandstones,
From same locality as Plate 9,
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bases are sharp, erosive and usually flat, but may disrlay scours and
geme loading., The beds are often lenticular, No internal structures can
e discemed, apart from a rather irremular horizontal plane near the top
of gome units. P.C.L. has been observed on some upper surfaces,

This 1ithofacies is typically developed in the Gokgl and Tarlaafzi
mrember” of the Alacaagzl Formation. For example, in the lower part of the
"lutardere stream, above vhich is found a series of laterally continuous,
rediun-grained, parallel-laminated to massive sandstones. Individual
Yeds are usually distinct, even where they are in mutual contact.
Soretimes, aralpamation occurs and wood fragments are aligned parallel
to the aziruths recorded from the primary current lineation. The amount
of bhasal erosion is small and in most cases the scours are only 10 to
7C e Adeep.

Ir tre study area some Ball and Pillow structures have been found and
ansociated with this lithofacies, such as in the Gokgdl section (Plate 11 )
of the Zonguldak area and in the Tarlaa™zi section (Plate 42 ) of the
~asra area. These resemble the defommation structures described by
Yolline and illiams (1966) from the Iower Limestone Shales
{Pour~aisean) of South West Wales. In each of these deformed units
the uprer surface is clearly erosional although the lower boundary may
*a legc obviously ecoured. }oreover, some units have internal surfaces
of orogion with truncated folds. The pillows themselves may be structureless
or chew laminated structure., In the latter case, the larinae are generally
carved or deformed (Reineck and Singh, 1680).
trterpretation: The genaral aspect of this facies is reminiscent of
turvidite cequences: arenites with erosive bases and bed amalgamation.

Tsugrer, the common occurrence of predominantly structureless and

e O



Flate 11, Varrive, fine-rrained pandstones (Lithofaciens ©)
shich eontain lnrre Pall and Pillow siructures,
from the Alacan®z1 For-ation.

Toanlityt 6o 0l geotion of Zonguldak area,
bohind the building,

Plate 12. Tonaidble deforrmation or Ball and Pillow structures,
in fine-grained egllty roandntonec, from the
Mnaonnfzy Yoreation,
lnonlitv: Tarlanizi chorelire of the A~asra aren,
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conspicuously lenticular beds morks a sienificant difference from the
tvnical turhidite sesuence, Jones (1677) rac suo~ested for a pimilar
facies that fairly rapid deposition cocurred from some kind of erocive,
turhulent, buk laterally restricted current. Collinscn, et al.
(1277, p.66) sugregst that the same idea " the characteristics

of thie facies sugrest rapid dumping of cediment from powerful,
infitially erosive, currents". The presence of Rell and Pillow
structures also supports this idea, the pillows clearly indicating
that rapid derosition occurred., oreover, the long axes of the
pillowms do not show a consistent orientation, as might be expected
if they were related to a local slope, as sugzested by Hubert et al.,
(1972).

In summary it is poscible that these beds were deposited by currents
erosive and powerful in their early stages which subsequently dropprd
their load rapidly, cousing localised loading and leading to vertical
defomation, |

3.2.10. IITFOFACIES 10; RIPPLE IAVINATED SANDSTCN®S

Tegscription: The sediments of this lithofacies vary from clean, well
corted, fine to medium grained sardstones to poorly sorted "dirty"
m}caceous and carbhorsceous sandstones, forming micro crosc-laminated
gets sometimes separated by minor units of silt or mud, Some of the
current ripples show internal silty drapes and laminae within the heds,
ascociated with convolute lamination (Plate 13). Cemronly current
ripples occur near the base of the sardstone body and clean wave
riprles near the top. The bases of individual teds are charp. This
lithofacies is feadily distinguished fror all the others because

the ripples are much smaller (individual cross-laminated sets are



Plate 13.

Plntﬁ 14 .

Ripple-laninnted candstones (Lithofactes 10),
lower part chows current ripples, middle part
contains convolute lamination, current larination
and gradually pasgep uprards into wave lamination,
and ricro. cross-leminated pets separated by
minor units of silt or mud. Fror the Alacaqgza
Formation,
Toanld4y: Tarlaagzi shoreline of A~asra area.
Scale ip aprroximately one-half of
that of Plate 14 (below).

Yave rippled fine-to-medium sandstones (Iithofacien
10), displaying straight-crusted forrs and

lomination picked out by fine carbonaceours dedbris.
From the Alacanfzi Forrmation,

Jocnlits: Yireglik ofza day, 30 km west of the

Zonguldak,
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approximately 2 ecm thick). On top of the wave ripples coquna beds
comronly occur. In some cases intervoven and linsen types (ef. de Raaf
et al., 1977) are found. Ripples may be straight-crested or linguoid

in plen and lamination is picked out by fine carbonaceous débris.

The best examples of this lithofacies are in the TarlaaZzi "Member"
of the Alacaagzi Fomation, found in various exposures in the study
area, but especially at Xireclikagzi Pay, (Plate 14 ) and at Alacaaiza
Ray (Plate 15 ), located aprroximately 40 km west of Zonguldalk, where
the ripple laminated sandstones are abundant. The ¥Kilig " ember" of
the Kozlu Formation also displays this type of lithofscies, for
example, in the Gelik section of the Zonguldak area and in Yahyabeskoy
(Azdavay area).

Interpretationt Allen (1963a) interpreted the structure of
asyrmetricél ripple structure as due to the migration of small scale
ripples under conditions of net sedimentation. The degree of stoss
side erosion or "climb" of the ripple drift is controlled by the rate
of sediment fall out from suspension (1968a, p.112). We adds that
three dimensicnal asymmetric ripples have been described from a wide
range of fluvial and marine environments (Allen 1¢68a, p.130).

Hams and Fahnestock (1665) observed two types of ripple in the
Rio Grande, one lwate and the other.lungoid, Later, Warms (1969 showed
that there is a whole range of forms between current dominated and
wave dominated ripples.

This lithofacies results from the activity of unidirectional and'
bidirectional (wave) currents in the lower part of the lower flow
regime, the currents operating with rather fluctuating stren:th i?
some cases (Simons and Richardson, 1961),

De Raaf et al., (1977) have shown that in a shallow marine late

Devonian/esrly Carboniferous succession of County Cork, Ireland,



Plate 15. Wave-rippled fine sandotenes (Lithofacies 10),
from the AlacaaZz1 Forration,
Toecalityt Alacaagzi bay, 40 km west of
- %onguldak,

Plato 6. Coquina bedn with coarse sandy matrix
(Lithofocies 11), containing abundant whale
or broken brachiopods, fror the Alacaapzi
Yorration,

Loenlity: Tarlaajizi shoreline, Amasra area.






that interwoven and linsen tvpes of cross lamination are the rost
comrmon structures with the subordinate horizon'al and undulstory
lemination,

In the study area, linsen intervals were probably rroduced under
conditions of low to moderate wave action. For the interwoven wave
rippled sediments, it is reasonable to infer continuous wave activity.
There is no evidence of emergence, such as desiccation cracks and
the cessation of the wave activity is marked ir most cases by a draping
of dark grey mud over the symmeirical profile of the wave gener:ted
cosets. Fowever, most of the time lithofacies succescions are
capped by coquina héds which may indicate storm activity on top of

the ripple laminated sandstones,

3.2.11. LITHOFACIES 11; COQUINA REDS WITH COARSE SANDY MATRIX

Description: Coquina units are most commonly associated wjith rippled
sanéstene units of lithofrcies 10, The lower part of the coguina
beds contains a sparse bractiopod faina., The upper part contrins
brachiopod shell fragrents and is dominated by obscure hor’'zortal
stratification., This lithofacies contains predominrntly

Girantovroductus , (Plate15 ), within a cearse candy matrix . The

beds vary from 10 - 50 cm in thickness, are very extensive and may
be trzced for several kilometres. The coquina heds corronly

occeur in the Tarlaarzi "Member" of tre Alacaazzy Formation, and

are typically developed at Tarlaajzi Pay, Amzsra. In this area, the

coquina beds display a darl” brown, coarse sandy matrix and contain

an abundance of whole or broken shells vhich are 1 - 5 cm in sire,
of equidimensional chape and randomly orientated on the bed?ing surfaces.

In plan view a few in situ brachiopods are present,

Interpretation: Powers and Kinsman (1953) proposed that

81
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pressure fluctuations attendant with storm-swell were capable
of‘producing in situ sorting of shell beds. Vowever, Gurray (106C)
sugoested that some shell enmncentrations could be back-strarndline
deposits -that becarme submerged and buried following a rise in sea-
level. According to Yorton ard Winkler (1979), moderm shell
beaches are formed by landward and lorgrhore transport. Shell
beds associated with shelf deposits of the modern Missisippi delta
have also been attributed to low sedimentation rates and reworking
by Coleman and Gagliano (1965). Finally, Cent (1980) irterpreted
in situ brachiopod-bearing siltstone interbedded with hurmocky
crose stratification as a storm-dominated shallow marine sediments
in the Silurian-Devonian of Nova Scotia.

In the study area the lateral persistence of this lithofccies
sugrests that it probably is representative of an ancient shoreline,
Prespmably, the shoreline was migrating with time across the bnsin,
The fragmental, coarse and relatively well sorted nature of the shells
iﬁdicates a high energy envircnment. The coguina bheds may be
accumulated in an inter deltaic setting as sand was transported

laterally by longshore currents from a nearby delta,
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3.2-12. LITCFACT™S 122 TAMTELSCATT! RIPPIE IvmNMmm) GAV MGV,

i - s vt

Description: TFine to medium grained, well~-sorted sendstones forming
beds 6 cm to 2 metres in thiclness. The beds are often markedly
lenticular, usually because the top of the bed is éonvox upwarde
with a well developed’straight crest reserbling larre-scale wavy
bedding. Intefnally this lenticular sandstone body shows ghallow troush
or very low angle planar cross-bedling (Plate 17 ). Yost of the
cross-beddirg is of<the trough tvpe, with sets ranging from 6 cm to
2 retres and averazing 40 cm. Rare trough sets reach 2 metres, and Iow
anple pianar sets are about 2 metres, Tn a few places, there ig gradnval
upward decrease of set scale, accompanied by upward fining of grain si-e.
Lowég‘ﬁounding sprfaces of cross-bedded units are horizon*2l to elipghtly
irrééﬁlar, but not noticeably scoured. There is no evidence of chanrelirg
within the facies. BPody fossils are absent and troce fossils
exceeiingly rare. In the siudy area, .large scale rippled sandstones
weré’typically obgerved in the Tarlaa®zi "Member" of the Alacaafzi
Fonmaticn'aﬁd the best locélities are in the Alacasz@z1 Bay of Zorsuldak
(Plétésl17-18); and Tarlaarzi Bay, Amasra. In the latter locality the
lgrgé‘écale ripples'occur'in medium to coarse grained gandstones, soretimes
displaying migratingtriﬁples (Plateq9 ) with superimposed srall riprles.
Alién (1968) showed that small scale ripples and larre scale .rinples
compriéé fﬁo distinct gite-populations, Allen cites Ragrold (1956)
concerning the rrobable genetie differences between these riprle tines,
1* C Cave (19715 noted a furtﬂer distinction in a study of the Souttem
Bight of the North‘Sea between large-sqale ripples which he calls
"megarippies"."The noménclature has become further confused as a
consequence:of the di§ergent traditions of flume workers and field

worrers. The fomer refer to the larger ripples (megaripples of fleld
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Plate 18, Close-up of Plate 17, chowing intemal structure
of large-ncale ripple~bedded sandstones. On the
right hand side of the ricture, straight-crested
bed-foma are preserved,
¥rom the Alacaa®zi Formatlon.

ILocalitys Alacaaizy bay, 40 km went of Zonguldak.,

Plate 19, Intemnal gtructure of large-seale rippled sand-
ntones, dieploying rmigrating ripples with

puperimposed small ripples, from the Alacaalrzi
Forration,

Jocality:s Tarlan®zi shoreline, Amasra area,
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workers) as "dunes". Terrinology for large bedforms is cemplex, and
the terms sand wave, megaripple, dune and giant ripples are commonly
used by investicators to describe the same feature. The criteria usned
by different investigators to identify bedforms include spneing,

ghape and heisht - to - spacing ratio. In the present study it vas
decided to adhere to Allen's oririnal (1968) terminology, using "large-

scale ripples".

Interpretation: In the study area large scale rippled sandstones apperr
to hsve been formed mainly by wind-generated currents, such as those
observed by Swift et al., (1979) in the middle Atlantic Bight, MNorth
Mrerican Atlantic Shelf. The straight-crested nature of these Jarge
scale ripples are usually recarded as indicating low-energy sandwaves
(Reineck and Singh 1980), while high-energy sandwaves form the largest
landforms and occur in water depths of more than 4 - 5 metres, being
forred in coarser-graired sediments. Allen (1978) has suggested that
dune wave length is directly related to water depth, larger dunes
developing at high-wnater stases, sraller dunes at low-water stages.

Tt has also been suggested (Allenk Collinson 1974, Allen 1978) that
sandwaves are large dunes, which are in better equilibrium with deeper
and faster flows than smaller dunes,

In recent studies Dalrymple et al., (1978) have indicated that in
addition to small ripples, two types of meraripples (small sand waves,
and dunes), and giant ripples (large sand waves) are developed in the
Bay of Fundy, Canada. The lithofacies described above may fall into
their first type, which is characterized by straight to snoothly sinuous
lee faces that lack irreﬁularities and with a wavelength of 2 -~ 3 metres,
Scour pits are not present in the troughs, consequently, lateral

continuity is good and the height is very regular along an individual

s
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bedfom.,

~ Thig large-scale riprled sandstone lithofacies can be corfused ir the
field with the }lumrmocky cross-stratified sandstone lithefacies of other
authors, such as Pams et al., (1975 p.87), and Yarblin and “nlter
(1979). Basically, hurrocky cross-stratification shows horizontal
ard low angle lemination accompanied by basal charneling that can lead
to amalgamation with underlying beds, and units arec nomally interbedded
with bioturbated siltstones. Fowever, the large-scale rippled sondstere
lithofacies differs from hummocky cross-stratification (in the absence
of channelling and of intercalated hioturbated siltstone). The only
similarity is that the structure displays very low encle (9°- 150)
curved to undulétory laminae vhich may be broadly trough shaped.
According to Fams et al., (1975) hurmocky cross-stratification is
froduced in the lower shoreface of offshore facies by relatively larse
stom waves formed by roush seas, at flow velocities greater than those
fééuiréd to form wave ripples. Towever, the larce scale rippled sandstone
described here aprear to have developed in an environment characterizesd by
felatively lower energy processes rzther then orne dominated by periodic
high enerky flows. The only indication of strong wave energy is
éfovi&ed’by the migrating rivple forms (Plate 19), which may represent
traces of longshore bars, probably fomed by marine reworking of sand
close to a zone of high sedirment sumply, for example at a river outflow.
According to Forikowa (1981, p.13), to establish a relationship brtween
the longeshore current and the longshore sediment-transvort rate, it is
necessary to know the horizontszl and vertical longshore-currert
velocity distributions in the nearshore area. In this study, ohviously
this kind of relationship cammot be deterrined., *oreaver, migrating
fipples'of thin type con be produced by unidirectional tidal currents

vhich was sugrested by Anderton (1976) from Scottish Dalradian.



86

Since there is 1ittle indication of tidal activity elsewhere in the
gtudied sequence, this possibly has been rejected. Also mud drapes

are a comron feature in tidal sands and have heen explained by the
migration of sand waves under influence of strongly asymmetrical

tides, and that the mud drapes are formed at slack water, Allen (1981},
Also, thls feature has not been observed in the study area. Thus

these mirrating ripples are probably associated with longshore currents,

or river outflow derosits.

3.2,13. TITHOFACTES 133  NMEDIUM GRATNED TROUGH CROSS—-BIDDED

SANDSTONES
Description: This lithofacies includes medium grained sandstones with
trough sets, Mudstones and siltstone clasts occur, torether with erall
logs and tree impressions, which are found predominantly on the lower
rart of the foresets. Some of the trough sets are small-scale
(14 - 26 cm in thickness) but most are large-scale (individual sets
1.0 = 1.5 m thick and 2 - 6 metres wide). The best exemples of such
large-scale trough cross bedding occur in the ¥Yozlu-Zonguldak road
cutting (between the abandoned Kasaptarla coal mine and the road, see
Fig. 18). Good examples of small ~ and - large scale trough cross-
bedded sandstoﬁe are found in the Tarlaagzi "Member" of the Alacaazz:
Forration. In the Alacaagzi Bay outcrop the lower bounding surfaces of
trough sets are usually erosive, and the eets senerally pass upwards
into undulatory laminated sandstones (Plates20,21)and scmetimes contain
drifted coal laminse (Flate 22 ). Seen from the front this type of
cross-bedding resembles large-scale fertoon bedding, Fzrblin (1961) has
suggested that cosets of small-scale trough cross-beds are indicative of

a low level of mechanical energy. Sirons et al., (1965) demonstrated

e b,



P ate 20 »

Plate 21,

Vediur grained, trough cross-bedded sandstrnes
(ILithofacien 13) Large~-scale shallow trough
orogs bedn gradually pass upwards into large
reale undulatory bedded sandstone, where the

hamrer rests, from the Alacanizi Fomation.
Loanlity: Alacantzi bay, 40 ¥m west of
Zonpuldak,

Poliphed geotion of prall-scale trough cross
lamination in lithofacien 13 , ansociated with

intendintributary bay environments; from the
Alnenagza Forration,

Tocnlity: The Alncangzi bay, 40 km rest of

the Zonguldek area.
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that thig places the flow in the uprer part of tre Jower flow regime,
while Farme and Fahnestock (1965) have attrihuted trough-shaped cross-
bedding to the filling of a pre-existing erosion hollow or sccop in
the stream bed. On the other hend, Allen (1963) and Reireck (1060,
1963) considered that since sets are produced by lateral risration of
riprle bedforms, the height of the set should be proportional to the
depth of water. Allen (1968) and Varms et 2l., (1975) have described
the sinuous crested bedforms responsihle for troush cross-brdding as
dune structures that have been separately discucsed in lithofacies 12
(1arge-scale rippled sandstones). Basically, in this study trough-
cross bedded sandstoné is formed from migrating sinuous larce riprles
in the Fluvial environment as sug-ested by Allen (19€33 end Reineck
(1960, 1963), and ascribed to the upper part of the lower flow regime

3.2.14, IITHOFACIES 14; FIAVAR AD STGMCITAL €a0SS BETDED SAVDSTONE

Description: The cosets of sipgroidal and planar cross-bedding generally
occur in medium to coarse sandstones that are often poorly sorted ond
contain mudstone clasts and wood debris (Flate 23 ). This lithofocies
has provided most of the useful palaecocurrent indicators in the pressnt
study. The cross-beds of this lithofacies zre almost entirely of tre
cirnoidal type, although a few planar or low angle cross-beds hove bheen
observed.

Planar cross-bedded units occur in coarse to pebhly sandstones, Forest
laninse are norrally graded, but reverse grading also occurs. Iarinae
dip at betmeen 15 - 25° , ond the lower bounding surfaces of most sets
are erosive, while the foresets are typically tangential rather than
strictly tabular. The individual cross-bedded units within the cets

ere usually from 10 cm to 2 metres thick. The foreset laminae are



Plate 23.

Plate 24.

Medium to coarse grained sandstone from planar
cross-bedded sandstone (Lithofacies 14). Note

relatively poor sorting and content of mudstone

clasts, wood debris and black coal fragments;
from Kozlu Formation,
locality: Kozlu-Zonguldak road section,
Zonguldak area,

Sigmoidal cross-bedded sand sheets (Lithofacies
145, showing stacked nature., On top of a few
sigmoidal-cross bedded sandstone swale-fill
mudstones are developed (see Plate 54).

From the K1z11li Formation (meandering channel-
£i11 assoc.)

Locality: Ilyas Gegidi Dere section, Kurucagile
- area.
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renerally 0,5 - 5 ¢ thick, bu* »omally Jock realloregenle (intrinet)

crosg=leminae.  Corronly there is ar overnll fipine upwards within the

sets, from & pebbly or granular base,
Sigroidal cross-beds are cormonly produced by sheets of aard
characterised by horizental or gently inclined topsets termiinating

down stream in a steep avalanche fuce (Plate24), These sigmoidal

cross-beds can be compared with Blucks gross-stratified sand sheets (Bluck

1979y Text Fig.2) or may fall into Allen « (1963b)epsilon cross—
stratification catecory. They commonly bepin as sheets of rifp]es

which, by overtaking each other, build up foresets that increase in

thickness in the gro=th Airection (®luck, 1971, p.106). In the study

area two tyres of cirroidel cress-heds F-ve baer recormised:

(a) Sigmoidal cross-bedded sand sheets, charactericed by a lower boundary
displaying score ripples, pebbles and mud partings abovk an essentially
erosive base, althoug§ the general appearance is of a stoacked series
of sand bodies (Flate 24 ). Cn top of » few sirmoidal-cross
bedded sandstones swale-Till mudstones are devnloped,

(b) The second type of sismoidel unit has an asymtotic lower
boundary which may be marked by lmg deposits. Iaryers ard bheds
of this type of cross-bedding display forecet dips perperndicular to
the general flow direction in that region. Sore of the inclined layers
maybb corposed of thick rud or interlaminated mud and sand layers(Plates
25,26;56). In the literature suchk stiructures have been referred to
as epsilon-cross bedding (Allen 1¢63), longitudinal cross-hedding

Reineck & Singh (19°C) or lateral accretion surfaces (Teeder, 1073).

The sigmoidal cross-bedded sands*ones can be peen best seen in the
» r \
exposures between ¥asaptarlacoal mine and Kozlu-Zonguldak road (Plate25),

and in the Nelik and Acik Yarra sections of the Zonguldek area, Sheet-



Plate 25 .

Plate 26.

lateral accretion surfaces of meandering stream.
deposits, displaying asymmetric lower boundaries,
comronly marked by lag deposits., Some of the
inclined layers are composed of thick mud or
interlominated mud and sand layers; from the
¥ozlu Formation.

Tocality: Fozlu-Zonguldak road cutting,

Zonguldak area.

Close-up of lower left part of Plate 25,
showing mudstone and carbonaceous material
between the well-laminated inclined sandstone
units. Nnrte hammer at left for scale.
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like sicroidnl cross-tedded sands*ones are best disp'aved in the Varador
Forration of the Ilyas segidl dere section of Kurucagile area (Iate 24).
The second type of siemoidsl croce=bed is displave’ in the Vovlu=
Zonguldak mad cuttine (Plate25,26 ). Unforturately, this exrosure hacs
now bheen concealed by buildirgs,

Tnterpretation: The origin of planar cross-bed’in< appenrs to be
primarily controlled by hydraulic conditions et the time of depositien.
Simons end Richardson (1961) and Simons et al., (1965) *ave shown, from
flune experirents, that for a given derth of water the bhedfom rroduced
is dependert on the velocity. Jorline (1063, 1065) sug~ested that high-
snele, ancular-based crogs-bedding is Tormed 2t a lower w ter velocity
than low-ancle acsymptotically thased cress-bedding fer a similar “epth,
e believed tre depth of water to bte an irportant fuctor. Allen (10651
a2lso stowed that the le--cide 1refile ~f riprle hedferms is derendent
on the water velocity and seodirent characteristice, Cn thre other hend,
planar sets of cross-beddirg have heen recerded in scveral different
environments and it is clear that the presence of »nlenar geis is not
enough to srpecify an envirornment.

The sigmoidal cross=heddcd, sheet-like sandstcnes are distinsuishable
from dunes and mecarinrles not only by the ahsernce of prominent stosse
sides, but by their commenly isnlated occurrence. According to Muck
(1979) cross-stratified sand sheets are gengitive to charces in water
depth, velocity ard sard surply. Several authors have rero-ted similar
lnrge-scale, nigroidal beds in ancient fluvial srrdstone units (Tacrson,
19783 McBryde and Casey,1979;Casey 198dﬁhese lar e-scale cross-beds
are usually referred ag "epsrilon crosn-stratification", a term orizinally
proposed by Allen (1963b)ynd are renerally interpreted as having
originated by lateral accretion of point bars, Also, leeder (1973)

determined that sigmoidal bedding was formed by point bar accretion.

o
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"owever, Casey (1€80) interpreted the sigroidal heds ar Intern] noered o
rurfaces of coarse ~rained "cide hars" which densended into the charnels
witheut slip faces,

Tn the study aren the type (a) sigmoidal urits are at'ributed to semi-
continuous bar rigration (thus accounting for the siacked nature of the
sand bodies) whercas type (b) units are attributed to latersl
accretion under conditions of altemating low-and-h‘gh-water staces.

The nature end decree of preservation of both types of girmoidal-cross
bedding sugeests that rapidly wa'nirng flood conditions inhibited the
the formation of lower flow regime bedfnrms (Sireons et al., 1965).
Presumably from tire to tire the fluvial-channels migrated laterally,
rroducing widespread, multistoried sheet sand bodies.

Thus, the net movement of lateral beds involved translation at an
oblique angle to the fluvizl axis. TRar translation has been cited as a
critical factor in the preservation of well develored sipmoidal-cross
bedding (Casey, 1c80). Broad, shallow ctarneling and scme smaller-
scale cross-beds may have forred during “1lling discharge of the
river, Generally the vresence of a capring ruddy or very fine corained
layer (swales), rarks the top of a genetically related sequence, which

is indicative of a point-bar succession,

3.2.15. LITHOFACIES 153 FEERLY SANMSTCNES WITH SCOUR FTTIS

Deseription: This lithofacies compnrises massive beds of coarse and

pebbly, poorly sorted sandstene which have a characteristic weathering

rattem. The weathered surface is dark grey to dark hrowm but the rock
ie pink to liecht grey when fresh, The beds are very broadly lenticular
ir geometry and are Jaterally variable in thickness, up to several metres. ;
These sandstones mostlv have planar to irregular erosive hases and contain

clasts derived from the underlying fecies. Ixtratasinal  pevbles aleo

it e vy i
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occur at the base of the sandstore and mud flakes ocour in mar v units.
Moreover, the beds display faint to prominent intemmal erosional
surfaces lined by linear material of silt or fine -rade, =znd commonly
contain wood frarments, Apart rom occasional isolated trough crosc-
bedding (Jens-shaped), and faint sigmoidal cross-bedding (Jow-angle),
internal structures are absent.

The best exarples of this lithofacies occur in the “ozlu formation
especially in the Gelik road section, Zonguldak (Flate27 ).
Here the lower part of the pebbly sandstones erosively cut inte lacustrine
deposits. In most exposures the ground mass of the pebbly sandstones is
a medium-grained sandstone, with a little iron staining and also scme
kaolinite which occurs interstitially between the quartz grains and is
rrobably derived from weathering of detrital feldspar -rajns, 'nits of
this lithofacies are also well exposed in the Tlyas —ac¢ididere of the
Kurucasile area (Tlate8).
Tnterpretation: The thickness of the urits of this lithofrecies is variable,
difficult to determine, and is a function of scour depth Auring flood
flow. Sedirents in the lower part are generally massive or flat bedded
(Plate 29,30 ). 1In the downstream direction and in the outer bar edge,
these masrive cediments give way to foreset bedding. The upper part of
this flood-fill f-cies is characterized by flat or low-angle topset
stratificztion, which covers the underlying mascive sediment and which
grades upstream into the charnel derosits of the precedinc «traight
reach, A siﬁilar‘situation has been described by Bluck (1976).

Yurerous exarples of massive pebbly sandstone have been described
from the fossil record. TFor example, Klein et al., (1972) described
such deposits in the front of the Cretaceous Reconcove Telta, while

Jones (1977) described a similar facies from the Noaches Grit sandstones



Plate 27. low sinuosity stream deposits pf pebbly sandstones,
with erosive base (Iithofacies 15), displaying
low-angle nlanar cross bedding in a channel fill
gandstone, overlying lacustrine deposits of the
Kilic Member of the Kozlu Formation,

JLocality: Gelik road cutting, Zonguldak area.

Plate 28.. DPebbly sandstones of low-sinuosity braided
river type, with erosive base, cut into
lacustrine deposits. This coarse unit
represents a channel fill seguence; from
V121111 Formation.

Localitv: Tlyas Geg¢idi Dere section,
- Kurucagile area.






Platﬁ ?90

Tlate 300

Sandy braided river chanrel-fill deposits
containing wood and peat-fragments., Yote
rather undulatory crosc-cutting basal relation
with underlying lanminated siltotones of flood-
basin type of Nilaver Yerber of the ¥ozlu
Pormation. Ar-ow indicaten rmargin of large
senle leng-chaped ncouc,

Jocnlity: Dilaver gection, Zonguldak area,
[}

Close~up of the right central part of Plate 20,
In the bare of the channel nlant fragments,
erall pebbles and wood debris can be detected,
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of south-west Pennines in the Yorurian succession of England. The
erosive base, broadly lenticular geometry and the pebbly grain size
sugrests poﬁerfui currents and bed load (tractiowal) depositibn,

probably within chanrels, "Isolated crosc~bed’ing provides further
evidence for tractional sediment transport, indicating a current in the
uprer part of the lower flow regime (Simons et al., 1965). The prominent
erosional surface may result from the pulsating nature of currents,

while the abseﬁce of any marked grain size difference may favour

either pulsating curronté of equal maximur strength, or uniform supply.

3.2416. LITVOFACTRS 163 MASSTVE OR FORTZCNTAILY BTDDED FRAVETWCORK

COVMGIOVFRATES.

Tescription: This lithofacies includes a wide size range from pebdbly
sandstone to srndy conglomerates, with pebble sizes from 1 cm to 5 cm.
The rudites include clast, or rore rarely, matrix-supported fine
conzlomerates., Beds are apparently mascive, with sedimentation units
generally greater than 0.5 metres in thickness., The conglomerate
beds are up to 5 metres thick and only rarely show sedimentary structures
of tractional origin, but some units exhibit intermal structures such
as nofmalyand fever se grading, tovether with mudstone partings, and some
imbrication of the pebbles, Some horizontally stratified or crose~bedded
sandstones are interbedded with the conglomerates but normally they do not
display conspicuocusly erosive interfacies. The bottom surfaces of
sandstone bedies within the conglomerate are either flat or broédly
concave upward (Plates31;32) _

This lithofacieu tjpically occurs in.the ﬁihaver "ember" of the Fozlu

Formation in the Zonguldak area (Figs19—2p) The connlomerates in this

section contain sieve deposits, and traction-formed sedimentary structures,



Plate 31.

Plate 32,

Massive or horizontally bedded framework
conlomerates (Lithofacies 16), including
interna’ly imbricated and horizontally
stratified or cross bedded pebbly sandstone
within the clast-suprorted conglomerates,
which represent humid-fon or pebbly braided
gtrear deposits; from the Karadon Forration.
locality:Xozlu-Zonguldak road cutting,
Zonguldak area.

Poorly stratified, mainly clast-supported
conglomerates (Jithofacies 16). Pebbles are
crudely aligned or poorly imbricated and
display overall fining upward sequence, in
these strear-flow dominated humid fan deposits;
from the Karadon Forration,
Jlogality: Kozlu-Zonguldak road cutting,
Zonguldek area.
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including chenneling and low angle cross-bedding. Furthemmore, the
coﬁglo;efétés often grade into thé pverlyiﬁg sand-silt lithofacies, and
form feéefiti&e finigg §pward cycles, Thi§/;onglomeratic section is
aprroximately 75 metres thick ir each cycle.
Intefpretation: The study of conglomerates has been undertzken recently
in much more detail, For instance, Middleton and Fampten (1973) have
discussed the processes of depositicn of thick conglorerates while
Valker (1975) has attempted to construct very general models of
conglomerate deposition with particular reference to flysch sequences.
Winn and Dott (1577) described clast-suprorted fabrics, birodal alignment
of clast axes to the inferred palaeocurrents, and inclined. stratification
of some ccnglorerates and sugrested that in submarine channels local
traction currents may have deposited or reworked the gravels.-
Wasson (1977) described alluvial flow in the lower Derwent Valley in
south eastern Tasmania, which were built by debris flow; and stream
flows. - Kelling and Folroyd (1578) described modern and ancient deep-
sea conglomerates in tems of channelized (1) and nonchannelized (2)
deposits which are either organized (A) or disorganized (B). FHeward
(1978b)has noted that Carboniferous alluvial fan sequerices from Spain
contain many features in common with resedimented conclomerates of the
turbidite association. |

The intércalated sendstene beds with flat bases are interpreted as
fluvial accretionary bar devosits, and the concave-upward beds are
believed to be scour - or channel -fill deposits. Generally sreaking,
the gecmetry of this lithofacies and the repetitive fining-upward cycles
suggest an origin as point-bar depcsits, possibly iﬁ a meandering river.:
Finally, the norral grading and framework-supported natureé of sore
conglomerates are characterist;c of sedirent deposited under waning

flow by .accretion of successively smaller clasts rolled as bedload,
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such as noted by Allen P.A. (1981c)in the stream-flow dominated

Devonian alluvial fan deposits in the Shetland Islands.
e
3e2417. LITHOFACIES 173 MASSIVE MATRIX-SUPPORTED COVGIOMERATES

Déééription: Units of this lithofacies are mainly unstratified, polymodal
conglomerates with an abundant sandy or silty matrix and occasional
clast-supported rudites in units ranging from 1 - 20 metres in thickness,
The polygenetic pebbles or cobbles ocecur in a coarse sandy matrix and
their size ranges from 1 cm up to 25 em. The average clast size is
nomally in excess of 0.5 -'10 cm,nstratified conglomerate beds are
laterallj extensive and also contain occasional sandstone bases, which
may represent either separate depositicnal events or pulses of surply
within a single prolonged event., The predominant facies is horizontally
bedded conglemerate, while trough cross-bedded and plane-hedded fine
conglomerate to rebbly sandstone is less abundant (Plate 33 ).
In the matrix suprorted corglomerate clast orientation is noorly defined.
The coarse units of thim lithofacies have parallel bounding surfaces,
hut a fewwdisylay channel. bases, often irregular. The units comvrise
multiple intersebting sets of shallow troushs, comronly about 10 cm
thick. In.many cases they are interbedced with and show lateral
transition to horizontally bedded pedbbly sandstore, which 1s too coarse
to detect current lineation. Fowever, it was proved rossidle to make a
few measurements. Generally a thin horizon of coarse pebbly sandstone
occurs at the base of individual units and then conclomerates develop
towards the top (cf. inverse graded corglomerates of P.A. Allen, 1981c).
This lithofacies is‘typically developed i» the Karador For~ation of the
Zonguldak area, especially at the Lcik Yamma leccality (Pla%e34 ).
Volcanic rock frasments zre confoh in the ¥Yaradon Forration conglomerates,

and ir most areac quartzite is second in abundance, followed by vein




Plate 33, Massive partly matrix-suprorted conglomerates
(Lithofacies 17). Polygenetic pebbles display
irbrication in a coarse sandy matrix., FPebbles
are mainly quartz, chert and volcanics, .
together with coal fragments; from the Kozlu
Formation.

Locality: Gelik road section, Zonguldak area.

Plate 34. Matriz-supported conglomerates forming bands
in a sequence of lenticular, cross-~bedded
pebbly sandstones (channel-fill sequence of
pebbly braided stream), from the Karadon

. Formation. = ‘
Locality: Agik Yarma section, Zonguldek area.
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quartz, lesser quantitieé of chert and miscellaneous fine-grazinred
siliceodé)rocké, métémor@hic}rocks and clasts derived fror undeilyingl
rﬁcks are aiso preéent. B

Intérpretatioﬁ: with regerﬁ to formation of congloreratic depositsy

of tﬁié type'iﬁ a)teriestrial envirorment, Feward (1978b)showéd that
ﬁhstfa%ifieércénglomérates ﬁay be iﬁterpreted as‘debris flow deposits,
fégﬁrkéd deﬁris fléw deposité, bf the deposits‘of powerful strears.
Their éhafp non-erosive beses, their occurrence is well-defined,
relatively thick units, the absence of stratification, the lack of sorting,
the presence of inverse and normal grading, énd the nature of the

fabric are all in accord with transportation and deposition by a debris
flow mechanism, P,A, Allen (1981C)has deduced that the esrentially
unstratified nature of the conglomerates indicates that bedload rolling
of clasts in equilibrium with embient flow corditions was limited. The
significance of the occasional clast-supported ccrzlomerates is oren

to discussion. For instance Walker, (1975 ), and welker and Mutti , (1973)
have stated)tbat framework-supported conglomerates associated with
turbidites may be interpreted as resulting from deposi?ion fron a
deposition from a dispersion above the bed or from debris flows, with no
bedload rolling. Rodine and Jobnscn (1576) have shown that debris
containing very high percentages of poorly sorted crenular raterials
can flow on very gentle slores.

',The‘gpward transition within single beds from matrix to framework
suy;ort can be interpreted by consideration of mass flow rechanisnms,
Also, P.A. tllen (1¢81a)has sugzested that the high matrix contents of
these conglomerates, corbined with low quantities of fine-grained (clay

g?ade)>fsediment,;imply deposition from a high concentration dispersion

rather than viscous flow,

*
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The polyrodal nature of the Karadon Formation conglomerates sugzests
that grain size selection processes during transport were not imrportant.
The thickness of these conglémerate beds implies the operation of mass-
flow or streams of considerable magnitude, The lack of stratification
and fabric implies a transport process in wﬁich the clasts were
restricted in movement relative to each other, In the Karadcn

Formation it appears that the very coarse sands of the matrix and the

large clasts were transported together Ey the same stream flow.

3.2.18,  LITHOFACIES 18; SEAT-EARTH AND COAL-

Description: These lithofacies have little volumetric(ut great economic)
importance and are poorly exposed. Seat-Farths are recosnised by the
presence of rootlets in their growth position (Plate 35 ). The

sediments in which they occur vary from muddy siltstone to organic-rich
mudstone. The silty parts are often iron-rich and bed thicknesses

usually ranse from 30 to 1.80 cm. Yost of the seat-earth units are porrly
laminated grey mudstones, sometimes containing sphaerosideritic ncdules,
tree tr;nks; very thin coaly partings and abundant stigmarian rootlets
(Plate 36 ). Often there is rapid altermation of seat-earths with coals.

The coal is often gradational into organic-rich mudstone in which a few

large plant fragments lie parallelwto the btedding.

Th; best’examples of seat-earths are in the Alacaazzi Formation
6: Alacargzi Bay and Uzilmez dere, Zonguldek. They are recognized by
‘the presence of small dark rootlets penetrating a muddy siltstone (Plates
35,36c ). The thickness of the best exposed seat-earth cannot be
éccurately determined here although it aprears td‘ﬁe ét least 1.5 metres
in thickness, Similar seat-earth exposures have been found in the Kozlu
Formation of the A¢ik Yarma section, Zonguldak and rare examples are also

h s

kﬁown from the'Karadon Formation.




Plate 35, Seat-earth, within overbank deposits of low-sinuosity
gsandstones. Note the presence of rootlets in their
~ growth positien, From Kozlu Formation,.
Locality:Baglik Mevkii , Zonguldak area.

I R
e et

r

Plate 36. Seat-earth units, from sequence attributed to the inner-
- interdistributary bay environment, with tiny coaly
partings and abundant stigmarian rootlets; from the
Alacaafzi Formation,
. Jocalitv: Alacaagzi bay, 40 km west of Zonguldak.
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‘ Yost of the coal seams irmediately follow seat-earth deposits. The
develorment of coals in the Yozlu Forration is quite variable in
different parts of the Zonguldak coalfield., Sometimes there is reversal
of the normzl order in the ¥ozlu Forr"ation, and in the Karadon Forraticn
thin muddy siltstones with corminuted plant fragments comronly overlie .
the seat-earth, which is a simple root bed without coal. The coal sears
generally renge in thickness from 10 c» to 8 éetres and averaze rmineable
coal seazms are 1.5 metres in thiclmess. The thickest ceal seam is
found in the ¥Yozlu Colliery, Zonguldal, and is termmed the "Jay damar".
This coal seam is recorded as rezching 8 metres in thickness.
Interpretation: The presence of rootlets indicates that plants were
growing in situ and that the associated coal is rrobably trerefore
autochthonous(Plate57 }- Fowever, in theplacaazzi and Taradon Forrations
some of the thinner coal sezms aprear to be allochthorour, or "drifted"
coals. Febhly or coarse sandcstone or conglomerate beds are nomally
arranged in pocrets or sequerces (1.5 - 10 metres thick), separated by
coals vhich lack underlying rootlet beds arnd do not for~ part of an
upward sequence (Tlate 58).

The thick in situ coals can only be produced under cénditions allowing
constant and unifcrm subsicence of a swerp area. According to Feword
(197Eb,p.480) the develorment of thick coal seams in the Yatellana
coalfields, northermn Spain, reflect a critical interaction of subsidence
and rate of plant accumulation (drifted or in situ), in the absence of
clastic sediment surply. Forne, et al., (1978) showed that in the
Avpalachian region rapid subsidence during sedirmentation results
generally in abrupt variations in coal-sear georetry, whereas slower
subsidence rates follow creater lateral continuity. Scoté (1¢79) has

rointed out that the roof-shale flora is critical to ecological
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interpretation of the coals ané particularly the comparison between coal
forming Tloras as shown~bx“the,palynology:and the roof-shale vecetation
as shown by the macrofloras.\ It has not been possible to undertake this
kiﬁééof Céﬁﬁa;i;dni;n the present study.

Clearly the environment of derosition of this lithofacies must have
been in very shallow.water, such as might be found in swamps, lagoons,

delta-top interdistributary areas, coastal plains or in fluvial overbank

situations (cf. Collinson, 1569).
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CHAPTER 4

" PACIES ASSOCTIATIONS

R EN

4.1. INTRODUCTION

‘The -eighteen individual 1ithofacies already described in Chapter 3
ha#eibéeﬂ‘éfduﬁéd into two broad facies complexes, based on the
following environmental categories:

h \Mtﬁmgz-lCoagfél Complex
. 51~ '~~15 ::élluvia},Complgx
- Thgﬁg?cognitiqn o{q;ithqfacies_associatiqns;necessitates comparison
with ;écgpt:sedimenta;y environments and processes, but it should be
borne in mind that ancient sequences are the products of successive
environments dgvelopngOVer a long period of time and are therefore
generally(more extensive, both vertically aqd laterally, than modern
equivalents. In the case _ of the examples from northern Turkey, by no
meangrglliof‘the depositiqqa;,assemblages which cbaracterise modemm
environments have.been recognised but there are obviously some similarities
to:quernvgnvironments. In this study, one of the main problems is in
defiping the cpn@acts betwegn each gnvi:onmental association, especially
in pqorlx exposed and tectonically deformed‘areag.
‘;.r}"°st previous woz-l;ers have suggested that the Upper Carboniferous
:ocks)of the Northern Turkey were deposited in continental)conditiops
(ﬁglliﬂ1933, Jongmans 1939, among others). In a pioneer study Ralli
(1896) .showed the similarity of the Alacaagzi Fgrnatién to the Kulm facies
of Westerm Europe and suggested a limnic origin fpr the coal=-bearing
strata. Ami (1939) was the first to indicate that the Karadon Formation
conglpmerates might be fluvial in origin in tbe Zonguldak area.
Ziljstra (1952) postulated high fluvial energies to account for the

coarse nature of sedimentation during Westphalian A times and for the

NS oty . s




100

. different thickness of coal layers. Jongmans (1955) suggested that
‘there are no indications of marine conditicns in the younger levels
"of the Carboniferous, above the lower part of the Namurian and that.

~ the area was almost limnic. Egemen (1956) also stated that the

m.“f P

i Upper Carboniferous scenery and atmosphere changed from paralic to

Hen S e e

paralo-limnic and to more 11mn1c or inland condltlons of 11fe.

< 4.2, THE COASTAL CONPLEX - - : o S

"*4.2.1. INTRODUCTION

In this study it is shown that the depositional environment of the
" . Alacaagzi Formation was essentially deltaic, and two types of deltaic
' sequence are recognised.” The first sequence is exposed in the

" Western part of the studied area (in Zonguldak) and representsa fluvial-
" :dominated-delta type, comparable to the ¥ississippi delta. The second

" "sequence is developed to the east, at Tarlaagzi (Amasra area) and
represents a wave-dominated delta-type, similar to the Ebra Delta.
*- Probably.'they both accumulated in a humid. climate, where vegetation
~“was abundant and biological and chemical processes were of prime
““importance.

" In this study, the Pro Delta Association and Delta Front Association

" represent marine and quasi-rarine environments on the frontal part of the
""delta while the Delta Plain Association represents the terrestrial

realm, - The terms Pro Delta Association and Delta Front Association
“are used to'describe the deposits of the appropriate environments as -
~~described by Coleman and Gagliano (1965, p.143). These workers divided
‘the Delta Front environment into four sub-environments, namely distal
" “bar, distributary mouth bar, distributary channel and subaqueous levee.

“~In this study, some of these subenvironments will be mentioned as
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appropriate. Diagrams illustrating the vertical distribution of
lithofacies with the appropriate facies association interpretation are

provided at the end of the Thesis (Figs.11-15),or within this chapter.

4.2.2. _ PRODELTA ASSOCIATION - A

‘Descrintion: The Prodelta association is predominantly made up of
lithofacies 3 and 4, Goniatite~bearing mudstones and noﬂ%ossiliferous
silty'mudstones with siderite nodules. The thickness of the Prodelta
Association is 40 - 70 metres and laterally continuous from the west
(Zonguldak) to the east (Amasra). The bulk of the Prodelta Association

is made up of mudstone. The main development of the Prodelta Association
occurs in the basal part of the Alacaagzi Formation (Kokaksu Member).

The lithofacies of the Prodelta Association are best develofed in the
Kokaksu dere, Uzilmez dere, Ulutamdere stream sections of the Zonguldak
area and the Iliksu road cutting of the Istanbul - Zonguldak highway.

The mudstones are usually homogeneous and laminated. Carbonate-

cemented concreticns up to 20 cm in diameter have been found in the
laminated jart of this facies., In these Prodelta Association rudstones,
scattered fine silt and bivalves may occur. No trace fossils have been
found, but concentrations of small, flat lying plant fragments also occur,
The distribution of the faunal beds of lithofacies (3) has already been
discussed in Chapter 3. Preservation is mainly es impressions in mudstone
but uncrushed preservafion of goniatite shells is comron. Somewhat higher
in the sequence sharp-based, thin siltstones and fine sandstones are also
comron. These fine-grained sandstone beds display sole marks and

T sedimentary structures (Plate 37 ), characteristic of "thin bedded" or
"digtal® turbidites (Walker, 1678). A few sandstone beds display Bouma
sequences and flute casts, but more commonly are dominated by either

horizontal lamination or ripple;lamination (isolated ripples)(pPlate 38).




Plate 37. Flute-casts and possible tree trunk-grooves on base
of thin, poorly graded sandstones within Prodelta
- Ascociation. Current flow direction towards south-
‘west. From the Kokaksu "Member" of the Alacaagz.
" Formation. ' ’ -
Locality: Tarlaagzi bay, Amasra area.

Plate 38, Fine grained sandstones with elongate flutes on base,
from the Prodelta Association, Kokaksu "Wember" of the
Alacaagzi Formation,
localitys Tarlaagzi bay, Amasra area.
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This co#iser sediment is parallel-bedded, with very thin laminae, usually
less than 1 mm thick. Flat or curved erosion surfaces, with a relief
of up to about 10 metres, occur in the coarser beds. Plant stems are
concentrated above many of the erosive bases, There is a gradual upward
passage into the Delta Front Association.  laterally the Prodelta
sequences became thinner towards the eastem part of the region. This
faciés sssociation has yielded no reliable palaeocurrent data, apart
from some flute cast: orientaticns. Towards the top of the Prodelta
units, fine grained sandstone beds sometimes display scour and fill
structures (Plate3c ) associated with bed-amalgamation and a dominance
of horizontal stratification, plant fragments and muddy partings. These
features are similar to those of proximal turbidites, (Walker, 1965, 1978
and Collinson, 1968).

Interpretation: The Kokaksu Member of the Alacaagzi Formation of the

Zonguldaek and Amasra areas is interpreted as the basinal equivalent of
the coarse fluvial-deltaic complexes. The thin sandstone beds are best
explained by a prodelta turbidite model (Kepferle, 1978; Walker, 1978),
since they occur in distinct packages that correlate laterally with
deltaic deposits. According to Walker (1978) prodelta turbidites differ
from submarine fan turbidites in that they are fed by deltas rather than
submarine canyons or upgper.fan channels. They accumulate on relatively
smooth slopes and usually consist of classic turbidites without the
coarser resedimented facies and channeling associated with submarine
fens,

The intervening sediments were probably depcsited very slowly. in quiet
~ waters in which the deltaic influence operated. There is not much evidence
for extensive faunal colonisation of the bottom. Generall&, goniatite

faunal bands represent high sa}inity. marine or near marine conditions,




Plate 39. Fine grained sandstone with load casts at the base and

Plate 40.

ripples on top, structures associated with bed-
amalgemation and a dominance of horizontal stratification,
plant fragments and muddy partings, resembling the

© proximal turbidites of the Prodelta Association.

From the Alacaazzi Formation,

‘Locality: Uziilmez dere stream cut of Gokgol section,

Zonguldak area.

Distal Delta Front sub-association, Thin horizontally
stratified or rippled sandstones are intercalated with
poorly laminated siltstones containing abundant plant
fragments from the Alacaagzi Formation,

locality:-Uluta~dere section, Zonguldak area.
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(calbé},‘1988)lezhw%ké!saiaiiéii1aﬁiﬁét;a'éésdsibnes, some erosion surfaces
tbémoﬁétéaféfoE¢Asibﬁéi bow‘er'f‘iJ.‘l'’-c':lt'xa;'xfnwé11:‘.'seﬂdw“'"?c'{i‘r'i:efriﬂt”a\‘E:ti]v.%i.tfy"..‘*vfm‘:""”L

However, “the  ihterbedded siltstone units in the Kokaksi Member were
:,presumably deposited under quiet water conditions.: e
Discussion'i The prodelta envirorment has’ bheen’ subdivided by some

aﬁ}ﬁorsk(Fisk et.‘al.;“1°54; Coleman and Gagliano; 1065),‘into the”

. proximal and distal In thls study this kind of division can be made."~

The dlower part of the’ sequence probably’represents “the distal‘part of the‘
‘pkod51£§7iﬁiie'£h€'uibéfiﬁé}éiof the sequence is'characterised by the
fproxlmal turbidite-1like nature of the sandstone beds.' ‘Similar sandstones
\‘with a turbiditic character have been reported from a variety of ancient ‘
delta—front and shallow marine env1ronments, such ‘as examples fror the -

Penﬁiﬁéé‘aeécfibed by“c°111nson“(1969):“rccabe (1975), and Jones (1977).

p ,6\7, *«w‘;‘v R T T T, o
“ e s Pl o Rl
N

4.2, 3., DF:L"‘A FRONT ASSICIATION - 'B

..The Delta Front Association is represented by relatively larve scale

AT

-coarsening upwards sequences. ‘They'recordwanwupwardsﬁpasaage from
- Prodelta facies into shorelinewfacies,pehtehfare)gsgal}y eandetonee'
dominated (Collinaon,ot al 1978).. e : r

~ In the study area, the Delta Front Association is best developed in
.the Gokgol "Vemher" of the Alacaagzx Formation, gradationally overlying
the prodeltaic Kokaksu VVerber" . These sequeﬂces basically occur in two

%areas (Zonguldak and Amasra) and will be described and correlated in
“jthe follow*ng order.mu'mhw et e »

o a) Distal Delta Front Sub-Association. .

"‘1”jb)J Proxigal‘Delta($ront#SQpTAssoeiat§on,} 
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4 2. 3 1.« .DISTAL :TELTA FRCNT SUB-ASSOCIATION::- BY .. .

Description: This subfacies association.is characterised by thin, horizontally

‘stratifiedwor rippleqf§andstone;bedsginteroiated with rippled siltstone

with abundantﬂplant debris (Plate 40).. The, .base of this sub-association

is.taken . at the first appearance in the sequence of small scale-

rippler;aminatedasandstoaes-Uu?heseeﬁsue%lY;appﬁaraiamediafsiy;ehoyf

/a thefhighest beds . of the»Prodelta Association.w Thus there is‘gradual
upwards passage between the two sub-associations. Tne upper bovndaxy

of. the Distal Delta Front with the Proxinal Delta Front 15 not very

v distinctive. However, the Proximal Telta Front or Distributary‘Mouth

Bar sands were. deposited with a sharp contact .on top of the thln-bedded

san@e.;fThe;DistalfDeita,Front spbrassocia#ion‘Pomprisesatheyiollowinsg

lithofacies: .4, 5, 6,.8, 10, namely non-fossiliferous.silty mudstones

with,eiderite}nodules,ifossi}iferous siitv,mudstonee,ﬂnndoyAsiltetonee%?ﬁfags

\and“panaileiliaminated mgcaceonshcaxbonacepus sandstones and ripple

laminated sandstones. The mndstone”ismpeuaily“micaceous, calcareous and fossils

are rare. . Some uniteﬁﬁyield.a\few goniatites;‘wnileﬂothere‘yieid a.. - -

bivalve fauna and siderite lenses are obviously present

Interpretation; .The thick dark grey'muddy Sequence Andicates deposition

- from-suspension at the base of -the delta front and beyond (Kelling &

George 1971).. In several examples of these facies, thin erosive-based ..

‘/flcoarse’siltstones and fine_sandstone,bede;occnrbvithinntne QuﬁétQPPEade:ﬁ

éiltstoneea(de ﬁaaf,get;alf,QJ965;KMcBride etvale,”1975).«;The“smeiiﬁacale :

: cross-lamination may'beiproducedubyfthe’migration of,ripples,(Allen,»1968).

~ This, indicates. a lower flow regime (Simons et al.,. 1961) and .the formation

- of. cosets under, conditions of net Vs)edi;nerx’tation‘.}?i The drnpping of the'

- masslve sandstone over the ripples suggests deposition from suspension ...

despite the coarse grain size, . The presesce of micaceous carbonaceous,

V4
¢
-
»
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sandstone which has discrete well-sorted laminations, suggcests that
deposition took place in the lower part of the upper flow regime,
(Simons end Richardson, 1965). The occasional thin sandstone beds and
lenses intercalated with the mudstone were depos1ted either by ebb
currents generated by stom surges (Brenchley et a.l., 1980; Hamblin
and Walker 1979), or from suspension clouds carried by storm waves
(Retneck and Singh, 1972) ' e

et

4.2.3. 2. g PROXIMAI. DEI.TA FRONT SUB-ASSOCIATION - 132

Description°" This assemblage consists mainly of lithofacies 4, 5,
6, 8, 9, 10, 13. The proximal delta front sheet sandstones or
distributary mouth ‘bar sands were deposited on top of thin bedded
distal sand and silt facies. Distributary channels were scoured 1nto
underlying mouth bar snnds and silts in the same manner as in. the
Chatsworth Grit Sandstones, Kerey (1978) The thickness is about 70 metres,
and laterally continuous taward the east. ‘ |

The upper part of this sub-association is gradational into fine-
grained sandstones, siltstones and interdistributary bay lutites which
belong. to the Delta Plain Association. (Plate41 )
@Q Delta front sheet or. mouth bar sandstones.BZapharacterised by sandstones
with horizontal bedding and low-angle cross-stratification.{ These

fine to~ very fine sandstones are moderatcly sorted with relatively large

amounts- of wood chips, plant fragments and mica flakes. -The delta-front

gheet sandstones grade upwards into coarser sediments.A In some cases
these coarse beds haye planar but erosive bases and grade upwards from

parallel lamination into current ripple lamination, as in the Gokgol

~ section’ of the Zonguldak area (Fig.13 ). Yost of the time they show

sharp-based flat laminated sandstone and the upper part of each sandstone

bed displaystrough cross-bedding of variable direction, as seen in
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Kireglikagzi and Alacaagzi bay of Zonguldak and Tarlaagzi bay of
Amasra, which indicates a considerable amcunt of wave reworking (Plates 42-43)-
(’d.) Distritutary channel fill snndstones:>‘3~2b(,some of these erosive-
based major sandstone bodies have been assigned to the distributary
charnel facies but it is considered that both subagueous and sub-
aerial levees are also represented. The distributary channel fill
Sandstbne is recognised by its broad, low-angle trough cross
stratification (Fisher et al., 1969; Reineck & Singh 1580). These
sandstones form thick beds (1 ~ 2.5 metres) which are laterally
impersistent. Many erosive-based units show clay-clast basal lag
derosits and some wood fragments., Moderate to low angle (15o - 20°)
trough cross stratification is the dominant intermal structure., Some
" beds exhibit graded, fining upwards sequences, up to 20 cm thick with
parallel lamination passing up into undulatory and riprle lamination.
Siderite nodules (in the Tarl#aé21 section), and ball and pillow

. structures (Gokgdl section) are found (Plates 11-12),

- Interpretation: The proximal delta front assemblage has been

‘déscribed and interpreted by various workers in recent environments.

V Thé Delta front sheet sandstones or mouth bar sandstnnés do not seem

%o have formed bar fingers, as in the present day Vissisippi (Gould, 1970).
Instead it appears that the mouth bar covered a large shallow area, as
the river mouth constantly changed position. In the modern examples,

fluviatile channel deposits overlie the distributary mouth bar sands

with a strongly erosive surface, as in the Missisippi Delta, Both

current and wave ripples aré abundant and wood fragments are present

in fhe'Missisippi mouth bars (Coleman and Gagliano 1965). In the

‘Alacaaézl Formation, especially the Tarlaagzi Member, meéium-grained

Vripple laminated saﬁdstones were deposited in shallow water, as




Plate 42, Delta front sheet or mouth-bar sandstones (B2a).
¥ostly sharp-based, even bedded, sandstones, the
the upper most part displaying trough cross-bedding
of variable direction, which indicates considerable
wave reworking. From the Alacaagzi Formation.
Locality:Kireclikazszi bay, 30 km west of Zonguldak.

Plate 43. DTelta-front or mouth-bar sandstones displaying wave
‘ripples on an upper bedding surface,
From the Alacas@zi Formation. ’ :
Iocality: Tarlaagzi Shoreline, Amasra area,
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.proved by .the wave ripples. A similar situation is described by
Jones (1977) and suggests that current velocities were similar to those
in present day density underflows. In all moderm examples, such as the
Rhone Delta, the density currents have cut channels on the Delta Slope
(Oomkens-1567). This feature is absent in the Alacaagzi Formation,
probably because the currents spread out w1de1y and as argued above,
tﬂere is no evidence for the existence of a significant delta slope,
apart from some flute cests that have been observed in the Gokgol
.‘section of the Zonguldak area and Tarlaa521 section of Amasra area here.
The internal scours, clay clasts, and channel lag depos1ts suggest
“deposition under conditions of rapid flow, and with frequent shifiing
of major channels.A The overlying parallel laminated sandstones may
‘reﬁresent“channel-fili‘sedimeﬁts after chennel abandonment or could be
>éﬁ ihterdisrributarv ba& sequence. However, the Delrs slope‘shows

‘no evidence of syn; sedimentary faulting or slump structures.

4.2.4,. DELTA PLAIN ASSOCIATION - C

The,fluvial-dominated examples of this facies association are
ucharacterised by small-scale coarsening upwards sequences, and include
natural levee, crevasse splay, marsh and restricted bay deposits, and
-fluvial distributary channel sandstones (Ferm and Cavaroc, 1968;
-Collinson 1969; Elliott, 1974a, 1S75; B!cBridgeet al,, 1975; Home and
Ferm 1976; emong others). These authors suggest that fine laminated
.OT bioturbated mudstones and siltstones are deposited from suspension
across. the entire interdistributary area during river flooding. Plant
debris is often abundant, together with a brackish or freshwater fauna.
.zRocted horizons. frequently develop towards the top of the sequence and

‘Peat-vegetation may accumulate., In the study area the Delta Plain
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4.2.4.1. . INTER DISTRIBUTARY CONPLEX SUB-ASSOCIATION - €1,

e

».Distributery Complex Sub-Associations generally. include two kinds
of ;sequence: . Interdistributary bay and, interdistributary_channel, sequences.
The distributary complex occupies the middle.and upper paris.of the
Alacasgzi Formationin.the study area.. i:i.-:

ﬁ:g;)ﬁglntgrdigt:ipptary.bay,sequencg -Cla. - . . - o
Deseriptions: .The interdistributary bay.sequences.are generally. .
represented by,ripple,laninated sandstones (lithofacies 10),and micaceous
s;}tgtqusﬁqu,sag@gtoges.(litbofac§e3€8), rich in plant fragments and with
rare bioturbation. . The;association, is.best represented inthe Alacasfza
Formation at the Tarlaafzl section of the.Amasra area, which at.the base
of . this sequence of.silty interbeds, are.parallel laminated and.become. .
°9a?.ss—1r:endk,n9?e -¥ipple laminated upwards,..The transition.from poorly

bedded:mudstones.into_the interbedded silty zone with siderite nodules is

" not: well defined, .However, the.junction with the overlying sandstone is

abrupt and . this-sandstone.is. capped by coquina beds.in,the Formation of the

PO A UL S5 iy

- kagqusgcyipn,4Zongu1dak3a;eat(Fig,13¢ﬁ )» a series of .rippled . ... .

sandstones. is_interbedded with:parallel laminated fine.sandstones and silty
mudstones with.plant fragments.:.Also in-the Gokgdl section,.siltstones

with.abundant plant fragments.show:interdistributarybay.or, lagoonal .-,

Fcharacter,ijomet;mes;thesgtsgqugngesipgssﬁléjerallybintogdisﬁributary

channel.fill. pebbly sandstones or.contain.coarse.sandstcne.lenses,.:
el tild, angelones o conlainconrae pantermme. vesl g

e
s
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Interpretation: In the study area, dark iron-~rich mudstones transitional

to siltstones suggeéts derosition of these sediments in a quiet,
sheltered environment which may be scme type of interdistributary bay
or sheltered lagoon, free from high energy accumulation of coarser
detrital sediments. Interdistributary bays are generally shallow-wafer
: bodies'ﬁhich may contain fresh, brackish or marine waters. Flood-
generated processes dominate int;rdistributary bay sedimentation,
Ocmkens (1970) claimed that for shallow bays of this type to be
filled ﬁy gradational coarsening upwards sequences, thé receiving
waters must be at leasﬁ brackish in order to provide a density
‘contrast with the incoming river water. Elliott (1974) showed that
rippled and cross-laminated:interbeds can be formed by the overbank
flooding of a distributary channel, and also suggested that some
coarsening upward sequences can develop from the encroachment of levees
into the bay environmant, The occurrence of some bivalves in the
Gokgdl section may indicate brackish to freshwater conditions.
However, in the Tarlaagzi section each interdistributary mudstone
sequence is overlain by wave-rippled sandstones capped by a brachiopod
coquina, suggesting extensive wave activity and probable higher
salinities (Plates44-45).

(11) Inter Distributory Channel Sequences - C1b
Description: In the Aiacaagzi Forration, distrihuté;y fluvial channel
deposits are identified from the nature of the abundant cross~bedding
(commonly trough), the scale of the bedding units varying from large
scale near the base to thin, rippled bedded and cross-laminated units
near the top. The low variance of palaeocurrent data suggests that the
rivers were of low sinuosity. Detrital wood, drifted coal and clay
chips are abundant throughout but are most common at the base of the

channel-fill and in the basal portions of individual scour units



Plate 44. Interdistributary bay sequences (C1a). Fach thin
interdistributary mudstone sequence is overlain by a
more resistant wave-rippled sandstone. ,
From the Alacaa®z1i Formation.
Tocality: Tarlazgzi Shoreline, Amasra area.

‘Close-up picture of upper surface of sandstone at right
~of plate 44. Note straight-crested wave ripples. Small
brachiopods comronly occur in the troughs of these ripples,
but are not seen in this photograph.

Plate 45.
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(Plates 46-47). Intemal erosion surfaces are frequent, Distributary

V fluvial\channels are represented by massive pebbly sendstones, The

actual basal content of these distributary channel deposits is exposed

)at a few localities, such as the Ulutamdere and Uzulmezdere stream \

 cuts in Zonguldak area, “and Tarlaag21 bay of the Amasra area. . In these
"areas the massive pebhly sandstones of the distributary channels gradually

passes upwards into. mas51ve, fine grained sandstcnes, micaceous »

sandstones and ripple,laminated sandstones of the delta plain

association. This is similar to the "fininv—upwards" cycle of

Allen ( 1065b)

Interpretation:/ The Delta Plain Association is dominated by the

Distributary fluvial Channel deposits, ‘Some criteria discussed below
“indicate that the distributary channels in the'Alaca3521jFormation were of
meandering or low-sinuosity braided variety. Some of these possibilities -
which suggest low-sinuosity or mere braiding are as follows:
ypﬁggradatlon of channels and avulsion are due to high rates of

, sedinent dumping. This suggests a rapidly prograding distributive

net where hranching of low-sinuosity distributaries carried water and'”
‘sedimentlto the delta front. Bluck:(1976, p.45é) shoned that Sdottishi

ﬂ‘streams of low sinuosity build a sequence of alternating coarse and .

: fine sediments as they migrate laterally. The coarse sediments are built
- by bars which are now seen- forming in the present active channel zone.x;\
‘,pSDme of the modern examples of braided rivers such as the Kosi River ‘

(Gole and Chitale 1966) are characterised by wide channels, rapid

,p,and continuous shifting of the_locus of sediment deposition and the ‘

- position of the channels. Coleman(1°69) suggested that, in’ the '

; Brahmaputra River, the braid-channels originate through a combination :_";

of tectonic activity and catastrophic floods, which are both common

in the present day’ regime. / Williems end Rust (1c69) showed that R



Plate 46. Interdistributary chanrel-fill deposits (C1b) cut into
inter-distributary bay sequence (C1a). The channel
“sandstone displays large-scale trough cross beds together
with drifted carbonaceous material. From the Alacaagz.

" Formation,
TLocality: AlacaaZzi bay, 40 km west of Zonguldak,

‘Plate 47, Close-up of Plate 46, showing detail of channel-fill
. sandstone with trough cross-bedding, clay and coal
.~ chips.
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facies relations in the Doﬁ jek River of Canada are mostly gradational
within channels, commonly forming fining upwards sequences. According g
B:pwn’et“a11973) two settings for distributary channels are possible,
The chanrel may be cut into delta-plain facies., In this case avulsion
shifts the channel across an interdistributary bay to a new site of
progradation. When the channel is part of a significantly prograding
lobe, it will build over and cut into its own channel-mouth bar and
aelta front,

The first case is veiy rare in the study area. In one example,
at the TarlaaZzi section, distributary channels are cut directly
into interdistributar& bay sediménts, However, a second type is more
cpmmén, for example, in the Gékgél secticn of the Zonguldak area, and
is characterised by extensive delta prograding, with initial development
.- of mouth bar sands followed by formation of a distributery channel,

cut into its own channel-mcuth bar sands,

"4.2.4,2 OVERBANK SUB-ASSOCIATION - C2
- (i) Natural levee Sequence - C2a
Description: Natural levee sequencesare characterised by ripple-
cross lémination, climbing ripples, root marks, and a well sorted
"suspengion type" (Visher 1969) grain size distribution. Kolb and
 Ven Lopik (1966) and others have noted that the height, width and
\étability of the natural levees flanking distributaries decreases
‘ dSwnstEeam.' According to Scott and Fisher (1969), natural levee
depoéits are forﬁed as the result of overbank flow during the flood
'Stage. levees are thickest and the sediment is coarsest adjacent to
"the channels, these sediments grading laterally into interdistributary
muds and organics forming the marshes.
Such a levee-unit is well developed in the Formation of the Alacaagzi

(Plate 48) and Kireclikazzi sections of the Zonguldak area. In these




Plate 48. Possible natural levee deposits (C2a), with ripple cross-
- -lamination and soft sediment deformation. From the :
Alacaagzzi Fommation. \
docality: Kireglikagzi-bay, 30 km west of Zonguldak.,

Plate 49. Possible crevasse splay deposits. Mostly thin, parallel
to lenticular-bedded sandstones, overlain by a thin zone
of soft sediment deformation (SD) and interdistributary
channel £ill sandstones (S), From the Alacaa3zi Formation.
locality: Tarlaagz. shoreline, Amasra area.
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sections upward coarsening in grain size is seen, in relation to the
underlying and laterally equivalent interdistributary bay derosits,
which show a decrease in grain size and thickness, and increase in nud
partings, carbonaceous debris, and sediment transport away from the
distributary channels. The basal surface of the coarse sediments may.
display scour and fill structures while the smaller units show flaser
bedding,: or fine sand and silt ripples, interleminated with silty,
carbonaceous mudstones.

Interpretation: Levees nomally occur adjacent to the distributary

channel-on the deltaic plain, or in the bay areas (Scrutoen, 1960;
Fisher et al., 1963; Elliott, 1974; Colehan 1976). the undulatory,
unchannellised bases of these Carboniferous sandstones, with abundant
clay clasts, may.represent sheet erosion, .as suggested by Elliott (1974).
ievees generally develop.through accumulation of flood deposits, and

-the predominance of parallel lamination with isolated climbing ripples
is consistent with this interpretation. (McKee et al., 1967).

The larger clasts within these laminated units indicate high flow

energy, the grains travelling by traction in laminar flow (Simons et al.,
1965). The coarsening upwards nature of this sequence is conaidered to
reflect progradation of levees and major cravasse splay lobes into

the interdistributary areas.
- (ii) . Crevasse Splay Sequence -.C?b

Description: .. The crevasse splay sequence consists of siltstones with
sandstone  irterbeds. FExamples are restricted to the Gokgol and
TarlaaZzi ."Members" of the Alacaagzi Formation; they overlie members.

of the proximal delta,kront sub-association (mouth bar sandstone and

- distributary channel fill sendstone) (Plates 39449).

PR
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The siltstones range from muddy to coarse-grained. Plant debris
and ‘siderite nodules occur throughout the siltstone units. Rootlets
may occur in siltstones which immediately overlie sandstone interbeds,
as in 'the Gokgdl section. Individual sandstone beds are less than 30 cm
thick; they have 'a lenticular shape, sharp erosive bases with load ‘casts
and scour marks with some clay“drapes "+ 'The top surfaces of beds may
be sharply defined or they may pass gradationally upwards into the
overlying siltstones. Wave and current ripple forms have been observed
upon the top surface of scme beds.
" " Modern crevasse splay deposits are characterised by their lens-shaped
geometry, by .the occurrence of small scale cross-bedding, the fine-
grained sandy nature end the variability of palaeocurrent directions
(Coleman 1969, Arndorfer 1973) Yinor crevasse splays oceur as discrete
coarse beds in the bay muds and s1lts, and may also oceur in levee
sequences.“ Collinson (1969, D 206) recorded flute and groove casts on
the erosive bases, and grading, parallel lamination and current ripple
O T ,
lamination internally. In the Alacaagzr Formation the crevasse channels
exhibit unidirectional trough cross-bedding and current ripple lamination.
These channels are dharacterised by their lenticularity, scoured bases,

upward fining grain size, and soft-sediment deformation, with load casts

as mentioned above.

:Interpretation- The grey homogeneous s1ltstones are considered to
represent deposition of fine-grained sediment from suspension in the
interdistributary bays and lagoons during periods of low river stage.

The different types of sandstone interbed are comparahle to sheet deposits
from overbank floods and the distal part of crevasse splay lobes (Allen,
1965c Reading1970, Elliott 1074b) Each bed represents a single flood

episode with deposition taking place during waning flow; this results
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in a graded transition upwards into the overlying siltstones. Occasionally,
sedimentation may have taken place in sufficiently shallow water to

cause emergence and enable plant colonisation. Periods of emergence

were followed by deposition of relatively coarse grained, thick.

bedded (0.40 m),sandstones. The stacked nature of these.sandstiones and
their association with minor channel fill sandstones of proximal delta
;;pnt;subrasspciation suggest a crevasse splay - origin (Elliott 1974b,
1975).2,A;so.some,clearfwell sorted sandstones with ripple laminated

tops suggest active processes of sediment reworking during their accumulation.
However, these do not have the gradational bases and the low-angle
accretion surfaces described by Elliott. (1975) for typical crevasse-

splay sandstones.,

4.2.4.3. ~DELTA ABANDONMENT SUB-ASSOCTATION - C 3

Desg;fpfieh;f T&pisaiiyﬁsedimesfsyassigned to this sub-association
iﬁéiﬁdeuhicre‘cfbss-lasinated sandstones, sasbonacesus siltstones and
Q&&é%éné;; ?éili‘lasisae'are micro-graded and interlaminated with black
fissile mudsteses.:(iﬁ;the”upper poptios/of the seqﬁehce leaf imprints
arewpreSersed 1& lighf-eeloured mudstone and iren coafingsyon bedding
ﬁiéﬁes afeicommen. The delta abandonment sub-asseciation tjpically'occurs in
t;;“jia;;;ég;fpéfaééién of the Gokgol section (Fig. 13) and Alacaaéz;
bay section of Zonguldak | The sequence (delta abandonment part) commences
with wave-rippled sandstones overlaln by mudstone which grades upwards
1nto dark grey, fossilifereous, calcareous siltstones. Capping ‘the
siltstones is a ‘coarse grained sandstone unit, This sandstone unit
fiﬁésfﬁﬁﬁaraswééd grades into carbonaceous, root-mottled siltstones
shich,vis‘purn,'érades isto a coal layer., in this sub—association the

majority of coals are considered to be of autochthonous origin. This

/
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conclusion is based upon the presence of this rootlet zone which
is immediately below the coal, thus constituting a true seat-earth,
Vany small siderite nodules are associated with the rootlets (Plates 50-51).

Interpretation: Plant fragments are commonly concentrated on top

of the abandoned delta plain distributeary channels, and thus match
the manner in which the seat-earths and coals usually rest directly
upon the distributary chennel fill sendstone., The occasional beds of
mudstone or siltstone (scmetimes ripple laminated) found below the
seat-earth and coal may possibly represent lagoonal areas an the delta
plain, fomed as a result of differential subsidence. Following
abandonment the whole of the delta plain subsided, gradually fomming
a laterally extensive peat-bearing marsh; as subsidence continued this
peat was flooded and covered by fluvial sandstones.

The formation of coals during delta abandonment, at the onset of
. transgression, has teen described by Fisk (1960), Coleman and Gagliano
 (1564) and Elliott (1974a).

. According to Elliott (1974b) this type of abandonment facies comprise
a laterally persistent coal in the proximal area of the lobe and a thin,
fossiliferpus horizon in the distal area, which reflect relatively slow
rates of sedimentation.

In the fluvial-dominated delta system of the Gokgol section of the
Zonguldak area, abandonment facies marker horiions are extremely thin,
. cémpared with the progradational facies. ' Eowever, in the wave-dominated
delta system of the Tarlaazzi sequence of the Amasra area, basinal
processes appear to have played an important role.,- A relatively thick
sheet of marine sandstones, siltstones or mudstones gradually extends
across the entire area of the former delta. In some cases coal is
not formed on top of the sandstone probably because the immediately

overlying coquina beds shows that storm events have influenced the area



Plate 50.

Fine-grained sequences dominated by laminated,
micrograded siltstone passing up into seat-earth

and coal (C) with mudstone and rootlets. At least

four such sequences are evident in this exposure,

the topmost teing overlain abruptly by interdistributary
channel-fill sandstones (C1b). These fine grained cycles
represent Delta Abandonment Sub-Association (C3). From
the Alacaagzi Formation,

Locality: Alacasgz. Bay, 40 kﬁ west of Zonguldak.

“Plate 51. - Possible Delta-abandonment sediments (C3) with seat- -

earth and thin coal layer developed on top of micro-

. trough cross bedded sandstone and overlain by sharp-

based, sheet sandstone. From the Alacaafzi Formation.

"~ Iocality: Alaczagzi bay, 40 km west of Zonguldak.,
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as discussed in the next section.

4.2.4.4., STRAND PLAIN SUB-ASSOCIATICN - C4

Description: This comprises units almost entirely composed of whole

or broken brachiopods, within en extremely coarse sandy matrix., The
beds from 10 - 50 cm in thickness and are very¢extensive1y exposed in the
- Tarlaagzi section of the Amasra area. Here the units may display medium-
ééale trough cross bedding. The strand plain sub-association is broadly
coarsening upwards (Fig.15 ). The lower part of the sequence is
sometimes burrowed and contains a sparse brachiopod fauna. The upper
‘(éhore-face) part contains abundant trachiopod shell fragments and is
‘dominated by low-angle cross-bedding and horizontal bedding with minor
small-gcale cross-bedding (Plate 52 ).

. Interpretation: The frasmental, coarse and relatively well sorted

nature of the coquinas favours a high energy environment which probably
resulted in winnowing of fine sediment and the concentration of larger
shell fragments durirg major storm episodes, while the lateral persistence
of the facies units suggests that it probably represents an ancient
shoréline. Presumably the shoreline was migrating across the basin.
Hoiever, the truncated and reworked nature of the coquinas found at

| the base of the lenticular sand units indicates that the shoreline was
under the influence of channellized currents, probably of fluviatile

origin Giiven, 1977). In the Tarlaarzi example the strandplain sub-
aséociation may haﬁe accurulated in an iﬁterdeltaic setting, since sand

was transported laterally by longshore currents from a nearby delta

‘(Plétesj ).




Plate 52. Wave-rippled thin sandstones overlain by 60 cm thich
brachiopod-bearing coquina bed (arrowed) of strand plain
sub-association (C4). From the AlacaaZzl Fomation.
Tocality: Tarlaagzi shoreline, Amasra area.

Plate 53. Possible rip-channel structure of strand plain sub-
Association (C4), cut through wave-rippled sandstcnes
- and caused by possible long shore currents, from the
Alacaa®zi Forration,

locality: Tarlaasgzzi shoreline, Amasra area.
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4.3." THE ALLUVIAL COMPLEX

4.3.1. INTRCDUCTION

' ‘This facies association comprises the deposits of broad floodplains

 and flood btasins. Two distinct types are generally recognised, corresponding
t6>mééﬁderiné‘and braided chamnel pattems. The floodplains of several
iiﬁéféyorjof several tributaries within a large river system typically
combine to produce broad alluvial plains. In this study, three

;ééémﬁlaéés have been recognized, two determined by fluvial channel
morphology and the third relating to the nature of the interfluvial
envizerments |

f‘(a)” Nééﬁdéﬁiné’stfeaﬁ Association

“(b) “Braided Stream Association

" (e) { 'Lacustrine Association

4-_3.2.\( L’EAND’ERkING STREAM ASSQOCIATION - D

The phgracteristic features of meandering rivers include:
.ﬁhgimgande;ing shape of the channel, point bar deposits and fining
Upward sequences (Note, hosever, that Bluck, 1980 showed that fining
upwa;d sequences were also present in braided stream deposits in the
0ld Red Sandstone of Scotland). The original model for meandering
rivegs was désqribed by Bernard and Major (1963), based on studies of the
Brgzos Rivg:_ofrsoutheagt Texas. They determined that 1ateral migration
fothe‘point bar produced a typical ;ining-upwafd sequence. Cross-bedding
sets should become smaller uowards towards the top of the point bar. In
small channels, where point bars are steeper, successive increments of
lateral accretion may be recorded as epsilon cross-bedding (Allen, 1963b,
1965¢c; Moody-Stuart 1966; Puidefabriges 1973; Elliott 1976). It is

in the high sinuosity meandering rivers that preservation of flood

Plain deposits is most likely. In addition, the preservation of overbank
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‘f}nesidfpends on extgrnal factors such as tectonic and climatic changes,
Vag_dgppnstra¥édlﬁyﬁAlien (5?74). . Where the rate of subsidence is low,
éf&ég;deéiﬁgvrive:_may_be able to erode away most of its overbank sediment.
quever, nqﬁ all mgandering rivers produce fining upward channel-fill -
sequences. For example, McGowen and Gamer (1970) suggested that, in
meaqdpripgfrivers qarryihg-coarse sand and gravel the normal, fining -
ypyard,sequepce may be truncated or succeeded by one or more thick
tabular sets of cross-beds deposited by lobes of sediment (chute

bars) bpilt out on;the,dowpst:eam part of the point bar by flood waters
passing through a chute cut through the convex bank af the meander,

A small pebbly, meandering river studied by Bluck (1971). showed quite
diffe;ent-features; pebbly rifles were well developed, pebbles formed

the upstream faces of point bars and sand accumulated mainly on the .
downstrgam ends.v Voreover, Jatkson (1975 , 1976b) has shown that
sequences fpr?ed in tighlly curved meanders do not show consistently
fining-upwards successions, He temed this restricted type of meandering
;ive:s,vstreams of "intermediate sinuosity"”.

.~ This review suggests that the classical meandering river model. of
Allen and Bernard and Hajor cannot be aprlied to many meandering rivers.
The following section seeks to relate the various ideas outlined above
to the north Turkish sequences, and especially those in ithe Kozlu Formation.,

For this purpose the teminology of Walker and Cant (1979) has been

adopted in part.
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4.3,2.1., .TEE VAIN CPAFNEL SUB-ASSOCIATICN - D1

Description: Meandering_yithin the fluvial ghannel is maintained by
erqsio?‘on the quter‘bgpks,of mggnder loops,.and derosition on the inner
pé{gs‘éfwthe.loops, The main depositional sub-envi;onment is the point
bar, which builds laterally and downstream across the flood plaip‘

(Walker and Cant, 1979). The channel floor commonly has a coarse "lag"
depos;t;ofnmaterial,that the river can transport only at peak flqod times,
Wa}ker“and Cant proposed that the preserved deposits of the active channel
will pass upward:f:om trough crossfbedded,coarse sands to small scale,
trough cross-laminated fine sands.

f;fdhgnnel lag deposits found in the Formation of the Kozlu Dilaver
sggtion‘of Zonguldak; within sequences attr;bgted to meandering channels,
are ascribed to lateral erosion of bank material. Such deposits include
flakes and blocks of overbank mudstones and plant debris (sometimes large)
(P;ates29-36). Also finer grained sediments were accunulated within
channels, along with subordinate coarse material. Normally, however,
pebbly,cqarse\gandstopes rest directly gbove the basal erosional surface
of_channgl<£loor and are composed of low-angle planar and trough cross
bedding. Beds are either laterally continuous or lens shaped and in both
cases they have sharp tops. The overlying sheet-like sandstone units
contain sigmoidally-bedded units with numerous carbonacous silistone
drapes, .The sandsione sheeis are similar in grain size and internal
strati{ication to the sandstones of the s;gmoidally-bedded units, In
cqlop;.\the sandstones grade from greyish-olive and olive grey to brown
and yellow as*size decreases, Angular, pebbly—qizedifragments of sandstone
and siltstong of intraformgtional origin are common throughout the
Dilaver "Wember" of the Xozlu Formation. It is often possible to

distinguish relatively minor erosion surfaces within these major

sandstones (Plate 54).
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Intefﬁretatioh: ‘The characteristics of this fzcies strongly suggest

‘ defésifioﬁ inlétreéﬁ channels mié&ating across alluvial plains
(Bridé"jét éi;; 168p). The ﬁéjor erosion surfaces and basal breccias
éh;uld be therefore overlain by the deposits of channel bars that have
‘Jﬁigfatéd iafé;éilj. However, Stéwart'(1981j has showed that basal
érosion'suffaéég‘do not always bear lag deposits, and dverléing sediments
ﬁay be coarser or finer than those which are cdt”by the erosion surface.
"fudéiégfa'émohg'the constituents of the cohgldmerates probably originated
:;from‘bank erosion and the destruction of mud lajers deposited during

low stages (Bluck, 1571). In the modern single-channel streams with
sinuoustﬁalwags these deposits are characterised by large scale trough
cross-stratification, produced by sinuous-crested dunes migrating

over point-or-side-bars. ‘

The upward decrease in grain size and systematic variation in intemal
structure within these minor bedsets probably records conditions of falling
éfiéé after a fldod. ' Dessication of exposed "low-flow" deposits provides
a ready source of intraformational sandstone and siltstone fragments that
" can be incorporated into overlying flood deposits.

The deposits described above also have some similarities with the
facies of some braided rivers (e.g. Coleman 1969{ Collinson 1970;

Cant and Walker 1978). The observed unidirectional palaeocurrents within
"~ major sandstone bedsets (see Chapter6 ) suppoff a river channel bar
environment in the single channel streams., Lateral bar migration is
certainly common in braided streams, however frequent channel abandonment
is not common. The multistorey character of the major sandstone bedsets
- is to be expected when lateral bar migration is ccmbined with net

aggradation (Bluck, 1971; Bridge ,1975; Bridge and Leeder,1579).

i
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4.3.2.2. POINT BAR SUB~ASSOCIATION - D 2

Description: The terms "point\bar" and "scroll bar" are a source of

confusion in the 1iteratﬁre.” The secroll bar may be considered to be the

end stage of the evolution in an individual point bar. In general, the

scroll bar is fomed of fine sand and silt derived from suspended loa.

The’term point bar will be used here(in the sense of Nanson, i980) to

indicate the largely unvegetated body of sediment formed‘within the ,e

‘active channel against the convex bank of a bend, Bluck (1971) showed

that point bars consist initially of a platfom of sediment well below

the level of the convex bank, which has a flat or slightly eambefed cross section,
In the Acik Yarma section of the Kozlu Forration in the Zonguldak area;

there are some interesting features of the deposits interpreted:ae point

"~ bar sediments. A few centimetres above the sharp-based sandstones forming

the base of the sequences there are pebbly sandstones (Fig. 17).
This situation may result from destruction of the channel walls, resulting
in transport of pebbles out towards the floodplain.

Some presumed point-bar deposits have been recognised in various parts
of the Kozlu Fozmation, and are best displayed in the Dilaver, Gelik
and A¢ik Yarma section of the Zonguldak area and the Ilyas gegidi dere of
‘Kurucagile area (Platesg4;54,55,56) Generally, these point bar sequences
start with the deposition of sigmoidally (epsilon) cross-bedded coarse
‘sedimente; followed by?progressively:fiher sedimants,laid down on the
raggrading surfaces. Flat bedding with paiiing lineatien is common.
Sometimés the flat bedded sets exhibit erosive bases. On the top of
the point bar deposits silty ané muddyviayefs are present, sometimes with
micro\cross-leminatioh.V However, this fining upwards profile is not
always well developed, The abrupfly\overlying éine gralned sequence is

7

a



Plate 54.

Plate 55.

A

Meandering channel-fill sazndstone (D1), at right,
erosively succeeds sigmoidally cross-bedded sandstone
(see Plate 24 for better view of these) of point bar
deposits (D2) with intervenirg muddy swale-fill (§)
deposits. This entire sequence may represent part of
anastomosed stream envircrment., From the Kizilla
Formation,

- locality: Ilyas Ge¢idi Dere, Kurucagile area.

Thick bedded, sharp-based sandstone of the point bar
sub-association (D2) erosively succeeding muddy,

" possibly lacustrine, deposits (F2b). Frem the Kozlu

.. Formation,
locality: Dilaver road cutting, Z-nguldek area.
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' suéééétive of "sw;ﬂe—fills". Fowe§er, Jaékson (1976a) demonstrates that
céérsé’seéimenfsvﬁan be depoéifedahiéh in the vertical sequence at the
upétféam end of aﬁpoint—bar, probably as a result of higher shear stress
there. |

Interpretation: The sigmoidally cross bedded units have been termed

"epsilon cross—stratification" by Allen (1963), and interpreted as a
meandering stream deposit, possibly representing lateral accretion of
point pa;s. ,Jacksonu(1978) however,{pgints out several short comings of
"epsilon\grgss;stratification" as an indicator for point bar deposits
offgé;héérigg streams. Epsilon cross stratification may be best regarded
as indicating.lateral bar deposition. Several authors have reported
similar }arge-écale, sigmoidal beds in ancient fluvial sandstone units
(Jackson, -1975; Bridge, et al.1980) . Collinson (1968, 1969) described
large scale cross bedding from the Kinderscout Grit in Derbyshire,

and considered the examples to be the deposits of "Gilbert Type" deltas.
However, McCabe (1975) and Jones (1977) showed that these large sets
(giant cross-bedding) lie within channels. -Also, giant epsilon bedding
recently\has,beep observed in coarse-grained.point bars of late
Pliocene fan delta systems near Bologne by Ori and Luccht (1981).

Flat bedding with parting lineation is characteristically developed
in the lower part of the upper flow regime (Simons et al., 1965) while
erosion at the base of flat bedded sets probably occurred éuring flood
stages. Small scale cross-lamination on top of the point bar was
probably produced by migrating ripple trains (Allen, 1963) formed under
lowerﬂflow regimes (Simons et-al., 1965). Consequently, a large proportion
of f;oodplain alluvium will be formed in bends where a high proportion

/ of fining upwards sediments is being accumulated. -Moreover, it is

Necessary to conaider the thick deposits of coarse, undifferentiated
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sediment which Jackson (1976a) found to be characteristic of the upstream
_end‘of'most point bars. . Secondary currents must be.important, moving
diagonally onto the bar and active at least during low.flows (Bluck,
19713 Jackson, 1975), especially in the formation of the large
Vdcwpsf:eam_gc;tion.of(most point bars, for here shear strength is low

and slack-water zcnes sometimes exist.

4.3.2.3. CHANNEL ABANDONMENT SUB-ASSOCIATICN - T3

Descrigtion° Meander loops can be abandoned gradually (chute cut-off)
or suddenly (neck cut-off) (Allen, 1965a)p 118, 119, 156) . Durlng
chute cut-off the river gradually reoccupies an old swale, and
simultaneously flow gradually decreases in the main channel (Walker and
Cant, e79). |

u Lewin (1978, p 32) showed that two types of erosional modlfication .
to the floodplain surface are common. Firstly, flow chutes may cut
Eﬁ%b“hn%égeiétéh gfa;el point bars. A second erosional‘modificafion occurs
%ﬁeié’w;ter‘séérihg through the gravels is sufficient toleutrain and
transport them. M

The asaudoﬁﬁent eub—associafion in the north Turkishscai'bonlferous~

succéssicns'compfises complexl&'interbedded fine to very fine grained,
modefafelf/uccily'soffed sands%ones’and/siltstcues; Najof:bedding
suf}ébés ua} Seﬂplanar or diSplayuchaunel;shafedderosion surfaces, and the
¢oarser units are gradually replaced upwards by fine sediments. Large
scale~crcss;stra%ificaticn is usually of the‘trough type and set
thictness’ranges from 5 to 40 cm, mostly being between 10 = 20 cm.
Isolated sets of large-scale planar cross-stratification occur rarely.

Small-scale trough cross-stratified sets range up to 3 cm in thickness,
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and trough widths range from 4 to 7 cm across. Drifted and in situ
plant fragmenis are common. In general, bedsets become thinner and
finer grained in the down-current direction. Palaeocurrents are
unidirectional, - - -

Interpretation: FEach bedset of a given type is interpreted as the

deposit of 'a single flood on a floodplain. Iarge and small scale cross—
stratification and horizontal stratification were produced by bed load
deposition of sand, moving as dunes, ripples or on a flat bed. The
vertical sequence .suggests a gradual upward change from a waning flood
to ‘suspended load deposition during the closing stage, as suggested by
Casey (1980).

_ -The-sheet-like units of siltstone and sandstone have similarities
to the:floodbasin deposits of modem floodplains (Allen, 1963), while
those filling channels may represent the last stage of channel abandonment,
or even swale fills (Frazier and Osanik 1961; Boersma, 1967). The
superposition of progressively finer and thinner bedsets in channel-fills
can be explained by progrescive abandonment of crevasse (or chute)
channels., lLateral migration of crevasse chapnels by bark 'erosion and
point bar deposition (e.g. Kruit 1955) may explain the common occurrence
of asyrmetrical channel fills with lateral accretion surfaces.

~-In the Kozlu Formation the cut-off process is associated with
meandering streams. The abandoned cﬁénnels are slowly filled by siltstones
and mudstones with some organic material; also some suspended material
is int;oduced during overbank flows. Most of the cut-off channels become

lakes with afuﬁdan% flora, sometimes ineluding freshwater fauna as well,




#

o

125

4.3.2.4. - VERTICAL ACCRETION SUB-ASSOCIATION — D4

Description: The vertical accretion sub-association is developed outside
the main river channel, deposition in the flood basins, ox-bows and
levees faking place by addition of sediment during flood stage, when

the rivef overtops its banks .(Walker and Cant 1979).

Such sediments are represented within the Kozlu Formation by laterally
extensive sheets, although.very brnad}channel fills also occur, Thg
sediment .is greyish-red coloured siltstone, with lenses or thin sheets
of silty, very fine sandstone. Towards the top of the Kozlu section
a flood basin origin is most likely. Sediment was\introduced mginly V~
in suspension, with sore weak fed-load transport befo;e final dgposition.

Interpretation: The distinction between the deposits of vertical

and lateral accreticn is not represented by any significant change in
grain size characteristics, therefore it is difficult to differentiate
thgm.l;Howgyer, the lateral accretion units‘have erosional bases. Tocsibly
individual:accretion units are not simple layers, but consist of a cormplex
of intertonguing beds separated by erosion surfaces,

Walker and Cant (1979) have suggested that lateral accretion took

place within the main channel, although vertical accretion deposits may

* occur near the charnel. Vhere the flood waters sweep along a stream,

the vertical deposits tend to be silty, and are commonly cross laminated.

Further away from the river, the flood waters may stagnate and only

mud -is deposited. .

4.3.2.5. SYANP SUB-ASSOCIATICN - 15

Deééfiption:« In the sfudy area, non-laminated , soft ™uds appear to have

been‘iocalli deposited within seasonallybfiooded envirorments, Coals
with seat-earths are common, which is sugzestive of an mutochthonous
origin. The presehce of thin vertical rootlets penetrating and

homogenising the sediment imrediately below the coal thus constructing
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a genuine seat-earth., Many small siderite nodules are associated with
the rootlets. Stigmaria have been recorded in situ throughout the
Kozlu Formation. The swamp sub-association is composed of mainly very
fine-grained sediment and settles from overbank flows after the coarser
sediments have been deposited on levees and crevasse splays. The size
and shape of the swamp area depends on the history of the flood basin.
Field evidence in the Kozlu sequences suggests that the swamp area was
elongated and trended parallel to the channel. Also the nature of the
_ abundant flora (see pp.w'1 ) suggests that the swamp areas were low, wet
and thickly vegetated (incorporation of abundant organic material in the
afea). Especially in the Karadon Formation there is thick derosition of
clay sediments (Schieferton) which are associated with accumulation of
organic matter, especially plant debris (vhich in some of the levees is
exceptionally well preserved) and coal layers (Plates 57-58).

Interpretation: In the study area poorly laminated mudstones and

rootlet beds are interpreted as deposited from suspension of fines

within stagnant floodwaters. Scott (1978) has suggested that coal
horizons with seat-earths containing abundant stigmarian rootlets indicate
a "swamp" environment. The coals are thought to have formed in situ

as evidenced by their seat-earths and their flora. Locally, the coarse-
grained sandstones may represent point bars. Fowever, the isolated

thin coarser sgndstone units probably represent crevasse splays from
nearby rivers (Allen, 1665). Sediments of a flood basin contain the
finest grades of all the alluvial sediments. There may be a slight
upward fining in each flood basin sequence of silt-clayey sub-association

(the evidence of more prolific vegetation and more prolonged subsidence).




Plate 57, Steeply-dipping sequence (younging to left) displaying
cycles of parallel-laminated siltstones and soft mudstones
capped by coals (C), in the swamp sub-association (D5) of
the flood-basin environment. Note the absence of coarse
sediment above successive coal layers. From the Asma
"ember" of the Alacaafrzy Forration.,

Locality: Asma~Dilaver road .cutting, Zonguldak area. ..

" Plate 58.  Possible drifted coal intercalated within muddy layers
: of flood basin environment, and erosively overlain b
pebbly low sinuosity channel-fill sandstone (at left).
From the ¥ozlu Formation.
TLocality: Road cutting near 320 Colliery, Zonguldak area.
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4.3.3. BRAIDED STREAM ASSOCIATICNS - E

In competition with the meandering river system, the processes and
products of,ldw sinuosity multi-channel (braided) rivers are poorly
understood. The best known studies are: the Donjek River (Williams
&Rust 1969); Brahmaputra (Coleman, 196S); Platte (Smith, 1$70); Tana
(Collinson, 1970); some Scottish rivers (Bluck 1976); South Saskatchewan
(Cant-and Walker 1978).

Some general models for braided rivers in recent years have been
reviewed by Miall (1977), who proposed four general models based on
facies assemblages and veriical sequence. Fowever, Collinson(1978)
proposed two types of braided river sequence, based on their dominant
lithology; namely pebbly braided rivers and sandy braided rivers.

.. There is 1ittle agreement concerning nomenclature of the geomorphological
elements in these rivers. The term "bar" is used here to refer to "long,
low, slipface-bounded features that occur on a scale larger than that of
individual bedforms, such as ripples, sand waves, dunes and transverse '
"bars", (Cant & Walker, 1978).

Collinson (1978) distinguished three types of bars: side bars,
descending.gradually into the channel with no slip faces; mid-channel
bars and islands (the equivalent of the "cross channel bar" of Cant
and Welker, 1978), alternative bars,”which are characterised by slip
faces on their downstream side. Internally, these probably produce
tabular cross bedding. The first and third types are roughly triangular
in plan view and are attacted with regular spacing on alternate sides
of the chennels,’ However, Casey (1080) used the termv"lateral bar",
which is a more general tem, referring to any bank-attached bar. Thus
"side bars"t "alterrate bars" d "point bars" may all be considered

specific kinds of lateral bars.
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Cant & Walker (1978) used "sand Flats" for large transverse bars
}hgt emerge during waining flood stages to form fhe nucleus of larger,
more complexﬂéapd bodies.
Collinsen (1978) has recognized two major groups of large-scale,
asymmetrical bedforms, namely sandwaves and dunes,
Sandwaves have high length to height ratios.. They nommally have rather
sharp-based -slip faces and their‘upper*surfaqes carry superimposed ripples.
Internally, they,giqe‘r;se"to‘tabular,sets‘of cross~bedding which are
,often inter-bedded with units of cross-lamination., These forms have
been called "linguoid bars" (Collinson, 1670) or "transverse bars" (Smith,
;1970).,1Thesg,features can be regarded as bed formswand'are not in the
“trueisgngew?bars".\ . ;
Dunes have low length to height ratios and form at depths and velocities
,above those of sandwaves, can normally be expected to produce trough
cross-bedding on a variety of scales.
.%\SIn_thekstudy‘area,‘braided stream sediments can be grouped into two
.categories:
. (1) Sandy low-sinuosity stream sub—assopiation;

~ (11) Pebbly braided stream and humid fan sub-association.

4.3.3;1. SANDY, IOW-SINUOSITY STREAM SUB-AéSOCIATION - Bl

/ Injthe éfudylarea the upper part;of the Kozlu and Karadon Foimétions
Tcéntéin this kind of suﬁ-association. Such deﬁosité aré gradational
‘5étﬁeéh ﬁébbly bréidea iiver deposits and‘those ﬁhiéh férmedrin éently
ﬁééﬁdeéimg streaﬁs;” Overbank and chanﬁel fill‘sequences constitute the
,majd: pért 6f the déposi%s; togéthér wiiﬁ natural levee, crévasseysplay,

“and flood basin deposits. Sometimes differentiation is not well developed

“and one can recognize only channel fill and overbank deposits.

Y2
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(1) Cverbank Sequences: - Eta
Description: These are mainly represented by silfstones and mudstones
and are generaily horizontally laminated. The systematic vertical variation
is similar to Allen's (1965) "fining upwards" cycle, and changes upward
from fine grained sandstcnes to siltstones and mudstoneé, clays (fine
clays) and coal. The Schieferton with interbedded coal layers have crucial
stratigraphic, economic and sedimentologic importance (Plate 59 ).
Their colour is normally dark grey to cream, but white clays also occur
~ within these deposits, and scattered charcoal has been alsc observed,
~ The upper levels of the Karadon Formation display this kind of deposit,

For example, in the Kozlu-Zonguldak road cutting, near the "Zonguldak 10 km"
road sign, yellowish silty sandstones intercalated with tiny coal layers
also display indistinct sigmoidal cross-bedding (Plategp ). Again, the road
cutting from Acik Yarra section towards Kilimli village (in the Zonguldak
area), the upper part of this sequence includes some sigmoidal beds and
“thin horizontally bedded sheet-like sandstones (Plate 61), Such units,
may range up to several metres in thickness. The sand is usually well
sorted, In addition.to these "sheet-like" overbank deposits there are
also wedge-like crevasse splay derosits. According to Casey (1980), the
majof difference between these two types of flood-plain deposits is |
that "sheet splay” deposits are essentially a continuation of the main
channel and sediment transport is in é downétream direction, whereas overbank
crevasse-splay derosits are formed by lateral overspilling and sediment
transpoft may be perpendicular to the axis of the fluvial system,

Yost of these sequences are capped by coals. In the study area, the coal
sSeams 6f ¥Yaradon Fgrmation's are of this type, and are the product of in
situ plant growth and decay, the seat-earth being the soil on which the

earliest plants gre;. later, plants probably rooted themselves into the



Plate 59. Horizontally bedded siltstone, mudstones and clays
(Schieferton) interbedded and capped by coal layers
(E1a). This sequence represents part of the sandy low=- '
sinuosity stream sub-association of the Karadon Formation.
locality: Near Karadon Village, Zonguldak.

Plate 60 Overbank deposits (E1a) of sandy low-sinuosity stream
sub-association, showing sandstones displaying possible
medium scale sigmoidal cross-bedding. From the upper
part of the Karadon Formation,

Locality: Fozlu-Zonguldak road cuttlng, near the "Zonguldak
' 10 km" [ road sign, - -
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accumulating vegetation or peat. The occasional beds of mudstone or ripple
laminated sandstone below the seat-earth and coal may represent lacustrine
derosits (as seen in the Ilyas geéidi'dere section of the Kurucasile area
and‘in:%he'Yahyébeg and Ozkem section of the Azdavay area ).

Interpretation: The sheet-like sandstone units suggest that sand

deposition occurred outside the main channels. Similar sheet-like
oﬁérﬁénﬁvsanéstohe units have’beeﬁ called‘"shéet-splay deposits™ by
Galloway et al., (1979 p.32) in the Ozkville Formation of Texas.

" According to Casey (1980), during the waning stages of floods,
organib;riéh'fihe sediment was deﬁositéd from suspension, forming thin
drépes on the bar sdrféceg and somewhat thicker drapes on the overbank
sheet séhd§:> The preservation of planar bedding, both on the bars and in
the overbank éreés, suggests that rapidly waning flood conditions inhibited
the formatidﬂ of lower flow regime bedforms., Broad shallow channeling
and some smallér‘séale'cross-beds may have formed during falling

stages.

“ThexdeveiOﬁment of in situ coal in the sandy braided flood plain
imﬁiiéé‘tﬁat the environment must have biad a high water table and may have
been permanently submerged as an overbank back-swamp (Collinson, 1978).

Féwever, in the Karadon Formation the plant fragments are commonly
cbncehfrafed on the top of the abandoned fluviatile channels and thus
. seat-earths and coals usually rest directly upon the sandstones, which
Ma& inéicate that ééal developed mainly within the channel area, rather
than outside it,

W“Thé hluﬁina—ricﬁ Schieferton layer 6riginated through leaching of
Aiﬁminium ffbm ssil in a semi-arid environment: They are attributed to
bprecipitation from slightly reducing groundraters in a pemmanently saturated

soil, comparable to Wilson's (1965) develorment of siderite nodules
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(in Collinson 1978). Therefore the presence of Schieferton may result
from a climatic change, from hot, hurid climate to the semi-arid

climate of thé Karadon Formation (especially the upper part).

(ii) Channel Fill Sequences:- E1b

Description: 1In the study area, fluvial channel-fills are represented
maiﬁly by/massive pebbly sandstcnes and by the trough cross-stratified
and sigméidal cross-stratified sandstone lithofacies of the Xozlu and
Karadon Formations. Palaeocurrent data from low sinuosity rivers
generally have relatively low varience. In the Kozlu Formation the
palaeocurrents display little diSperéion, sugzestive of straight or low
_sinuosity channels of constant grade and sediment supply. Detrital wood
-and clay chips are abund;nt (Plateb62’) throughout, but are concentrated
at/the base of the channel and in the basal portions of individual
scoured units., The channels in the Karadon Formation tend to be very
variable in depth and width, and do not ccnform to any simple pattemn.
The channel floor cormonly has lag deposits, and above the lag, sand

is transported through the system as bed-load., There is little evidence
for the existence and nature of bedforms in the channel., Fowever, some
thick cﬁannel-fill sandstones show cosets of medium-scale cross-beds
wh;ch may represent émaller bedforms in the shallower parts of the river.
The wide lateral extent of the cross-bed cosets, irrespective of the
underlying lithology, indicates shallow water-flows. Moreover, small-
- scale tréugh cross-beds are common. The best examples of this sequence
occur in the Gelik section, Agik Yarma section and Dilaver section of the
Zonguldek area, and in the 6zkem, Kiz1lli section of the Azdavay area,

(Platés28,29,3o).




Plate 61, Sheet-like altemating thin sandstones and siltstones of the
overbank , deposits of the sandy, low-sinuosity stream sub- -
‘agsociation (E1a) in the Kozlu Formation.
Locality: Dilaver road cutting of the Zonguldek area,

Plate 62, Channel-fill cross bedded sandstones of the sandy, low
~ sinuosity stream sub-association (E1b) with "Lepidodendron"
tree trunk, in the Dilaver "Member" of the Kozlu Formation.
‘Iocality: Small quarry between the abandoned Kasaptarla coal
mine and the Kozlu~Zonguldak road cutting,
.Zonguldak area.
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Interpretation: The lack of large-scale tabular cross-bedding in the

Karadon Formation indicates that major bedforms, such as sandwaves, dunes
etc., were not very important in these channels, However, in the Kozlu
Forration under conditions of low discharge, channel fills would be dominated
by cosets of medium-scale, low angle cross-beds as seen in some outcrops,
such as the Gelik section of Zorguldsk area. -Deposition within channels
during waning ‘flood stages mmy cause channel beds to aggrade, @reserving
flood stage sedimentary structures. The massive pebbly sandstones were
probably rapidly deposited at high discharge.,

Bluck (p.452, 1976) ‘showed that Scottish streams of low sinuosity
build a sequence of alternating coarse and fine sediments as they
migrate laterally./ A similar situation has been o“served in the Karadon
Formation and especially in the Acikyarma section, Zonguldak., Fowever,
several criteria indicate that rivers in the Kozlu and Karadon Formations
were of 1ow sinuosity For exanple, the laterally continuous nature
of the cosets is probably due to lateral migration of the braided river,
forming sheet deposits. The undalatory bases and the wedge~-shaped nature
of some,cosets may also suggest a braided nature. MNoreover, the medium-
scale cross-beds in both small and iarge channel associations are of low
sinuosity origin | “

According to the review by Collinson (1078), braided rivers are
characterised‘by wide channels and by rapid and crntinuous shifting of
the iocus of sediment deposition and channel-position. An extreme example
'Of the lateral shiiting‘of a braided stream is the Kosi River (Gole and
Chitale, 1c66) N

Smith (1970) suggests that high regional slopes, variable discharge and
abundant sediment supply are the most important factors controllirg braiding.

Thesa critical points are applicable to the Karadon Fbrmation type of




133

braided river. The geographical setting of the Karadon Formation indicates
that high reéional\slopes may be a‘possibleﬁcontrolling‘factor. Coleman
(1969) "suggested that, in the Bratmaputra River, the migration of braided
channels is due”to a combination of tectonic activity and catastrophic
floods, ‘which are ‘both common in the presentday‘regime. "The lower

reaches are-usually meandering, but if they are heavily charged with °
sediment and at high discharge, they may develop a braided pattemn,
despite-the prevalence of fine-grained material.

"~ In conclusion, ‘the upper part of the Kozlu Formation and the Karadon
Formation display’ the characteristics of low to medium sinuosity river

deposition rather than' widespread meandering deposition.

4;3;3.2. \:fﬁBﬁLY BRAIDED STRFAM AND HUMID FAN SUB-ASSOCTATION . ¥

| ln this section Collinson's (1978) present day pebbly braided rivers
and humid fans model has been taken as the basis for terminology, and
applied to the Karadon Formation. Also, Schumm (1977), emphasised
the importance of wet alluv1al fans and discusses their characteristics
both in the field (modermn and ancient) and in laboratory experiments.
The K081 River fan is considered a good present day example of a humid
alluvial fan, which Gole and Chitale (1966) described as an inland delta.
Present day alluvial fans which occur as c°mplexes along mountain
fronts lose their topographic individuality downstream, merging into
braid plains with the szme mean flow direction.’ According to Rust (1978)
: Lo o ; _— . S \
braided\rivers fail into two parts: proximal and distal. | |
Descriptioni“ The distal part of the pebbly braided stream sub-association
containsxclastfsupported conglomerates which indicate an active charnel-

fill lithofacies. Williams and Rust (1960) showed that the middle reaches

of the DonJek river are also characterised by inactive tracts supporting

abundant vegetation on levels or terraces slightly above the active tract.
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The distal part.of the Karadon Formation sequences are composed mainly
of Bluck's (1967)wfacies p, C and D types of conglomerates. The facies
B type of unit is erosively based and comprises a single cross-bedded
set of rather sandy conglomerate. Fowever, horizontally bedded,
internally 1mbricated conglomerates, which may appear massive where
bedding is thick and texture is unlform in the Karadon Formation, represents
the proximal part of the pebbly braided stream sub—association. This
sub-association presumably developed along the mountain margins.
Deposits are coarse-grained and poorly sorted (Plates31 ,32 ).

Such unitshare almost exclusively bed load deposits. These alluvial\
fan like deposits grade into coarse-grained braided river deposits.
Most abundant are channel deposits which show lenticular shapes. Thin

units of finer-grained sediments were also observed, together with coarse

pebbly canglomerates (Plates31 32).

Interpretation' The generation and preservation of thick sequences of

conglomerates in the Yaradon Formation requires substantial relief and
thus usually implies tectonic acivity, associated with faults or the basin-
flanking uplifted source areas, during or irmediately prior to deposition.
According to Collinson (1978), this type of sediment body may be similar
to present-day humid fans and pebbly braided rivers. XcGoven and Groat
(1971) showed that such successions are often very extensive and are
dominated by stream deposits, compared with those in fault-bounded
settings and highly intergradational, from thick conglomerates to cross-
bedded pebbly sandstones with less pebbles and more scouring on the
bases of beds,

" In the Karadon Formmation, the single erosively based,cross-bedded
sets of sandy conglomerate suggest that the whole unit is the result

of a single flow, interpreted as a sheet flood, which deposited the
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lag pebbles and the sandstcne unit as the flood waned. However, broad
lens-shaped, stacked conglomerate bodies are interpreted as the
products:of continuous or multiple stream flows. 4

4.3. 4. LACUSTRINE ASSOCIATION — F
In the study area, the Kozlu Formation towards the top of the sequence

consists mostly of lacustrlne deposits. The criteria used to distinguish
deposits of this Association in the studied rocks ares

R o=

a general]y fine-grained sequence with moderate lateral persistence,

the absence of marine fauna, no evidnnce of tidal currents, the presence
of abundent suspended sediment and non-marine fauna such as Curvirumula,
fish scales; rain prints and a general coarsening—upwards

secuence. Collinson (1078) suggested that in lake deposits signs of
emergenoe are common, reflecting the frequent, perhaps even annual
oscillations in lake level. Individual shoreline facies, such as those
associated with beaches, legoons and barrier islands are never thick

rr'wo‘types of\lake sub-associations have been recognized in the Upper
Carboniferous successions of northern Turkey, namely

(1) Fining upwards sub—association, and

(2) Coarsening upwards sub-association.

4.3.4.1. FINING-UPWARD LACUSTRINE -SUB-ASSOCIATION - 'F1

Description:  Sequences of this type have been recognized in the
Kozlu-Zonéuldak road cuttings (Plate63,7). The sequence commences with
sharp-based, fine-grained sandstones and gradually passes upwards to
siltstones. The top of the section comprises finely laminated medium
grey mudstones capped by black fissile shales, which contain fish scales

According to Riley (pers corm., 1980) these fish may be of lake type.
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The total thickness of this sub-association is approximatly 30 metres
and it is overlain by thick conglomeratic beds.

Integpretation:x The absence of any carbonates or marine fauna suggests

that these‘lakes were smrall and may have developed as ponds in the

alluvial plain environment. The erosive base to the succession displays

.'the typical upward-fining pattem with siltstone and mudstone, suggesting

the develoyment of a shallow pond., The overlying conglomerat;s suggest

renewal of active stream flow across the former lake environment (Platees} ).

Discussion: The fining-upwards aspect of these lake deposits is somewhat

confrDVersial in view of the generally accepted concept of coarsening

upwards sequences characterising lake deposits. In this section two
rossible solutions are offered for such a fining-upwards sequence in

lake deposits:

(8) These lake deposits may have been of "playa" type (Collinson, 1578)
wvhere the lake was very shallow and local, ahere one flood brings
sedirent into the lake and deposits coarse material at the bottom,
the waning energy resulting in deposition of finer sediments from
suspension nearer the top of the sequence.

(b) Altematively, a "nommal" coarsening upward sequence was developed
in the lake (see below) but the succeeding fluvial channeling,
represented by the overlying conglomerates, erosively removed most

of the upper coarser parts of these lake successions,




Plate 63. Fining-upward lacustrine sub-association (F1) at top of

- Kozlu Formation of the Karadon Formation, At the base
are siltstones passing up into dark shales which contain
fish scales. There are abruptly succeeded by pebbly
braided channel-fill deposits which mark the base of the
Karadon Formmation and belong to the Humid Fan sub-

 association (E2). ‘

- Iocality: Kozlu-Zonguldak road cutting, Zonguldak area.

" Plate 64. Upper surface of wavy-bedded silty sandstone showing some
irregular mud cracks infilled with carbonateiand rain-
- drop impressions, within the Fluvio-lLacustrine Interaction
~ and bay sequences (F2b); from the Kozlu Formation.
‘Locality: Agik Yarma, aprroximately 400 metres north
- of Kirat Tepe, Zonguldak area.
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4. 3 4.2. COARSENING-UFWARD TACUSTRINE SUB=ASSOCIATION - F2

These sequences con81st of medium grey mudstones at the base, passing
upwards to 811tstones and s11ty sandstones. Two main types of sequence
have been recognlsed- | ' |
(i) /Lacnstrine shelf sequences -‘f2e
Descriétion: These sequences 1nclude grey, green and red siltstones
and rudstones in*units tbat may be finely laminated or massive: |
The upper portions of the sequences are mainly sandy siltstones with

avyéand flaser structures. The colours may represent different
o;id;tion states of iron. The cross-laminated lenses in the Kilig
',"ﬁenber;Aof the’?oaln Formation of the Zonguldak area, especially in
the Aclk Yarma and Gelik sections, are composed of 1ight grey, coarse
siltstone to very fine sandstone, and dark grey mudstones to silty
mudstones displaylng "flaser" bedding (Reineck & Wunderlich, 1968).
Tge‘fiaser structures are similar to those describved by de Raaf et al,,
k1§77):and Allean.A.; (1981b). Linsen structure alsc oceurs, i.e.
sand‘intercaiated in nnd,wusually taking the form of flat, connected
lenses, although isolated lenses of sand are also found. Upward gradation
: from sandy siltstone to silty sandstone is accompanied by a change from
w;;e-to current-produced structures, preserved mainly as nicrotrough

oross-lamination.

Interpretation- ﬁeposition of the lower part of thistlacustrine shelf

sequences was fron suspension with negligible traction current activity below
effective wave base. A similar situation is recorded from Permo-Triassic
lacustrine deposits in the Fastern Yaroo Basin SoutV Afrlca by Pijk

et al., (1678) Despite tbe presence of graded-lamination there is no
@evidence of density flows, The sedimentation rate was low, with a varying

contribution of orgsnic matter. In the upper part of the sequence the




138

"flaser" structures are interpreted as being generated under conditions
of modest and .rather continuous wave activity by de Raaf et al., (1977) and
Allen P.A. (1981b).  The . "linsen" structure has been interpreted hy

de,Raafﬁetmal.,x(1977) as being formed under conditions of moderate but

‘rather continuous wave action on a partly sediment-starved substrate.

However, Allen P.A. (1981b) has noted that linsen bedding comprises

-connected unidirectional lenses with a form-discordant internal structure,

-a feature commonly. associated with current ripples, rather than with wave

generation (Clifton, 1576).

.(i1) . Fluvio-Lacustrine Interaction and Bay Sequences - F2b

Description: .. These sequences include parallel bedded, fine-graiped

‘sandstones,. medium to dark grey, with parallel'laminatipn and thin

g(up,to‘ﬂolcm) very low. angle planar cross-sets and small scale cross-

In

stratification.

}pe Fozlu Formation. of the,Agik Yarma section, Zonguldak, wavy bedded

'silty sandstones show sore irregular mud cracks (Plate 64). A sample

of this material was discussed with Dr. Eagar (pers comm., 1981) who

.agreed the features were "dessication" cracks infilled with carbonates

1rathgrﬂthan{trace fossils, a conclusion confirmed by Prof. Chaloner

(1980) who suggested that the "negative surface" (i.e. upper) "shows

dessication crack infills and rain-drop impressions". The upper part of
this section displays plant rootlets and beccmes more silty, the

laminated to massiVe siltstcnes being overlain by interlaminated siltstones
and mudstones. These features are common in intexrdistributary bay

environments where overbank flooding has introduced fine sediment

" (Coleman and Gagliano, 1965; Home & Ferm 1976), The interlaminated

siltstones and mudstones contain plent fossils and thin coals are some-
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times present on the top. In most cases the overlying sediments contain
sideritic layers, especially in the Gelik section of the Zongu]dal area,
Above this section, siltstones and very fine-grained sandstones display
wave ripples, and lenticular flaser bedding. Finally, all these

beds are cut by erosively based, upward—flning channel-fill sandstone
sequences which display pebbly bases. |

Interpretation: These sequences are interpreted as resulting from

progradation of a smail delta system into temporary lakes (Scott, 1978;
Hyne et al., 1$79; Surdég &Stanley,1979;>Dijk et al., 1978; Link
and 6sborne 1978).

The fauna and fléra suggest a freshwater lake enﬁironment, uninfluenced
by marine processes., The rivers deposited bed-load silt and sand as
distributary mouth bar and delta front sediments, together with considerable
quantities of suspénded-load ruds in the centre of the lake,

Such intermontane-type lakes are not necessarily saline, in nature, thus
indicating the prevalence of an épen-basin hydrologic regime, and deposition
within a continuously subsiding basin. The concordértlybased silty
sandstones are commonly succeedéd by highly carbonaceous siltstones and

and mudstones witﬁ plant fossils. This probably records the gradual change

to marsh and bay ccnditions.
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4.3.5. DISTRIBUTION OF PLANT FOSSILS IN THE ALLUVIAL COMPLEX

4.3.5.1., INTRODUCTION

According to many palaeobotanists, the terrestrial realm can be
divided into areas of erosion and areas of deposition. Geologically
speaking, areas of deposition are often referred to as "basins", even
though it is not necessarily implied that these are well defiged, down
warped areas, For instance Pfefferkon (1980) suggested that "the
term basin designates an area which is low enough to receive and keep
sediments", There are two types of flora in the depositional
basin: the first type are the floras growing in the depositional
basin, termed the "basinal flora"; the second type, the "extrabasinal
flora" consists of plants derived from the erosional environments,
which are transported into the depositional environment and are
ultimately preserved and fossilized. Also according to Pfeffexrkon
(1980), there are two types of extrabasinal floras. The first type
is the "Extrabasinal lowland flora", while the second type is the
"Extrabasinal upland flora". The term "upland flora", introduced by
Chaloner (1958), includes those floras growing in elevated mountainous
terrains. As Chaloner has pointed out, the upland areas are characterised
by net erosion and the preservation of fossil plant assemblages is thus
very rare, compared to the lowland aresas,

In the study area, most of the plants collected clearly belong to
the basinal flora and there is no indication of extrabasinal flora (pers .
corm,, Wagner 1981). Moreover there is no trace of the Gondwana flora,
and all the plants are of Furoamerican types (Plates5-70 ).

4.3.5.2. L1OCAL OCCURENCES

Zonguldak area: More than 30 differmnt plant species have been

found in this area and their localitys are shown in (Enclosure 1) and

illustrated in{Plates65,66) . These occurrences will be briefly described




Plate 65; Fossil plants from the Zonguldak area.

(A1l magnifications x3).

© " a - Diplotemema adiantoides (Schlotheim) GOTHAN

"Alacaagzi Formation: Gokgdl section of yUzulme'Z'dere.

b - Neurodontopteris cf. beraliana (ZALESSKY) comb. nov.
Alacaag21 Fornation- 37 south of - 520 Colliery. ‘
¢ - Karinopteris acuta (BRONGNIART) BOERSMA

Kozlu Formation: A¢ik Yarma 8, north of Kirat Tepe.
" 'd - Paripteris gigantea (STERNBERG) GOTHAN

Kozlu Fomation: Acik Yamma 8, north of Kirat Tepe.

" e = Sphenophyllum amplum KIDSTON

Alacaagzy Formation: 37; south of 520,Célliex'y.

'f - Sphenopteris (Renaultia?) of. typica (STUR)

Kozlu Fomation: Acik Yarma 7, west of Guntepe Colliery.

g - Lyginopteris baeumleri (ANDRAE) GOTHAN

Kozlu Formation: Gelik 1, road cutting near Gelik CollieI'Y'

" h - Neuralethopteris schlehani (STUR) CREMER
o ‘~Kozlu Formation: Gelik 11, upper. levels of locality Gellk : 1'

i- l’ariopteris beneckei EUTH

Alacaagzi Formation: 37; South of 520 Colliery.






: Piate 66; TFossil plants from the Zonguldak area.
(A11 magnifications x3)

a - Mariopteris moaana WILLIERE (big one)

Asterovhyllites ef. palaeaceus STUR ( ‘

Kozlu Formation: Acik Yarma 104, north of Kirat ’I'epe-f

b - Sphenopteris cf. pseudocristata STERZEL S

Kozlu Formation: Agik Yarma 10B, north of Kirat Tepe. /

¢ - Eusphenopteris schumannii van Ameron

Kozlu Formation: near Ki1li¢ Colliery. o

d - Neuralethopteris schlehani {STUR) CREMER

" Kozlu Formation: Aqik Yarma 10B, north of Kirat Tepe. ¢






Plate 67; Foseil plants from the Zonguldak area.
 (A11 magnifications x3) /
a - Linopteris neuropteroides (VON GUTBIER) POTONIE

Karadon Formation; east of the Kasaptarla Colliery in the

- road cutting.

" b - Sphenorhyllum emarsinatum BRONGNIART
Karadon Formation; 10 Temmui l!e\;kii, Just behind the
- Primary School garden. ' ‘
¢ - Sphenophyllum cf, ‘cuneifolium STERNBERG

Kozlu Formation; East of Yesildag Tepe.

@ - Sphenopteris coriacea Marrat

Kozlu Formation: Kokaksu dere, /

e -— Alloiopteris sv,

Karadon Fommation: 10 Termuz Mevkii, just behind the

Primary School garden.

f - Sphenopteris limai ZEILLER

Kozlu Formation: North of Uziilmez.

"h - Palmatopteris sturi GO’fHAN

Karadon Formation: 10 Temmuz Mevkii; just behind the
Primary School garden.

1 - Paripteris linguaefolia BERTRAND

Karadon Formation: 10 Temmuz Mevkii; just behind the

- Primary School garden.






Plate €8; TFossil plants from the Zonguldak and Azdavay areas.

(an magnifications x3) A
a - Karinopteris (Sphenopteris) sndraeana (V. ROEHL) BOERSMA

Karadon Formation: 10 Temmuz Mevkii, just behind the

Primary School garden.

b - Lonchopferidium karvinensis (Pdrkynoira). comb. nov.
"Karadon Formation: 10 Temmuz Mevkii, just behind the
~Primary School garden. o , ,

c -"‘Sphenoptei'i‘s (crossotheca) schatzlarensis (STUR) KIDSTCN

Karadon Formation: 500 metres south east of Ozkem village,

in the Azdavay area. !

d - Sphenophyllostachys sp.

Xaradon Formation: 10 Temmuz Mevkii, just behind the '
Primary School garden.

‘e - Same species as b, from same locality.

" f - Paripteris linguaefolia  BERTRAND
" Karadon Formation: 10 Temmuz Mevkii, just behind the .

. " Primary School garden.






Plate 69; - Fossil plants from thg‘Zonguldak, Kurucagile and Azdavay areas.

(A1l magnifications x3)
a = Fusphenopteris obtusiloba:(BRONGNIART) NOVIK

Karadon Formation: 10 Temmuz Mevkii, just behind the
Primary School garden. (Zonguldak)

b - Eusphenopteris neuropteroides (BOULAY) NOVIK

Kizilli Fomation: Ilyas gegidi dére, of Zonguldak area,

¢ - Fusphenopteris obtusiloba (BRONGNIART) NOVIK

-Karadon Formation: 500 metres south east of Ozkem village

 in the Azdavay areé.

d - Annularia jongmansi WALTCN

Karadon Fomation: 26; south of Kilimli in the Zonguldak ared.

e - Asterqphyllites'sp

Karadon Formation: 26; south of Kilimli, in the Zonguldak area: -






Plate 70;

- Fossil plants from the Azdavay area

(A11 magnification x3)

Neuropteris attenuota LINDLEY &HUTTON

K1z1111 Formation: Near Yahyzeg village, north .-

of Azdavay area.

Neuropteris ovata VHOFFMANN vé,r. ovata,

- Ki1z11l1 Formation: Near Kizilla village,

Azdavay area,

Néuropterisnvata HOFFMANN var, ovata.

K12z111l1 Formation: Near Kizilli village,

the Azdavay area.
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here in chronological order.

The Alacaagzi Formation is a fluvially dominated deltaic sequence
mostly composed of coarsening upwards muddy siltstones with plant
fragments that are comminuted and are not well preserved. Only a
few of these have been identified, and these imnclude Diploimema

Adientoides and Lyginopteris Larischi, found in. the. interdistributary

bay facies of the deltaic sequences. In the upper part of the delta
top facies, fluvial cycles consisting of upward fining mudstones contain
indeterminable carbonaceous material and many are capped by thin coals.

In the carbonaceous seat-earths rootlets of Stigmaria, and Lepidedendron

floited twigs have been found. This association resembles the
abandonment facies of Elliott (1974a, 1975).

The Kozlu Formation contains abundant, laterally continuous thick
coals and seat-earths, All the flora indicate Alluvial-plain environments,
and basically they can be divided into two types: swamp flora and
floodplain flora. flants,assigned to the swamp flora occur in a sequence
of sediments interpreted as lacustrine and commonly succeed either a
coal seam or previous lake/delta fill, éince these small lakes may have
formed by subsidence of a swamp area., The derivation of the sediments
rust be by rivers or floods from outside the lake area and the plants
incorporated in the lake deposits may also have been brought in with the
sediments or may represent a local flora, as suggested by Scott (1978).
Another example of the swamp flora environment is found in the upper
delta plain-fluvial coals which have been described from the Appalachian
Region by Home et al., (1978), and from the Durham coal field by(Haszeldine,
anquqdif?QEAj980)‘ Rapid subsidence duriné sedimentation seems to have
played a major‘role in this environment, which aprears to be well

represented in the lower part of the Kozlu Formation.
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Only a few identifiable plants have been found in the sandy delta
fills and interdistributary bay deposits of these sequences, probably
because the strength and turbulence of the.currents tended to break
up the plant material. Thus layers of comminuted plant debris are
common., Moreover, the channel-fill sandstones include large wood
fragmentis, mainly stems of Calamites and less commonly Stigmaria.

The second group, the floodplain floras, contain the richest
plant assemblages, According to Allen (1965) poorly laminated shales
containing a large znd very variable flora and thin siltstone bands are
best interpreted as floodplain/crevasse splay deposits. The Kozlu
Formation floodplain mudstones contain the richest and most diverse
flora in this formation, forming the so-called "roof shale flora",
These overlie coal seams and contain abundant fern-like foliahe

such as Eusphenopteris,Neuropteris which are typical members of the

flood plain flora.

In the Karadon Formation, coal seams are intimately associated with
multi-storey conglomeratic channel-sandgtone bodies which are
interpreted as the deposits of braided rivers and contian lowland floras.
However, they sometimes occur as separate groups of coal zones which
may contain upland floras. In the present study, no upland floras
have been found (Wagner, pers corm., 1981). Jongmans (1955), however,
recorded several floras in northwestern Turkey, without attaching
any interpretation to them. However, Leary and Pfefferkon (1977) in
their study of an early Pennsylvanian flora from west-central Illinois
recognised several species similar to Jonggans's species such as,

Mesocalamites cistiiformis, Asterophyllites equisetiformis, Asterotrhyllites

longifolius, Alethopteris lonchitica, Alloiopteris quercifolia, and

Cordaites principalis, and intertedded them as upland floras.

Amasra Area; The Alacaagzi Fomation in this area is composed mainly

of wave-dominated deltaic sequences, capped by delta-plain deposits
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including some seat-earths and thin coal seams. Apart from comminuted
plant fragments, no other identifiaﬁle flora has been found.

Plant specimens coliected from boreholes in the Bartin area and
kindly made available by M.T.A. personnel, unfortunately do not
provide any additional information. concerning the sub-environments and
floral distriﬁution, although they have proved to be of stratigraphic

value (see Chapter 2).

Kurucagile Area: Floras collected from the Kiz1lli1 Formation in

this area are mainly of the basinal type and the flood plain {loras
are abundant. The carbonaceous mudstones include finely comminuted
plant ffagments as well as leaf and stem fragments, plant imprints,
and some randomly orientated tree trunks. In some \lake:-fill
sequences fossil floras have aiso been found,

Azdavay Area: It will be recalled that the situation of the Upper

Carboniferous rocks in this area is rather different from that of the
more northerly outcrops and they are greatly affected by post-
Paloeozoic tectonism. However, most of the ﬁainly Westphalian D

fdssils collected from these outcrops display basinal floras,
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considered and he pointed out (Folk 1974, p.125), "the perfect
classification of sandstone will never exist", Fe icrored the
percentace of clay matrix in his classification.

The most convenient schere for the present purpose is that tvroposed
by Pettijohn (1954) and modified by Dott (1964) and will be used in this
chapter. Basically the Pettijohn (1954) clascification uses only
framework grains of quartz, feldspar and rock fragments of sand size,

As a secondary criterion, the classification distinguishes between the
"clean" sands or arentes/sands with less than 15 matrix and the "dirty"
sands or wackes (those with more than 15¢ matrix).

The first petrological description of the Upper Carboniferous rocks
in Yorthern Turkey was that of Tayramgil (195)). He observed that the
Upper Carboniferous rocks are partly composed of arcose and grayvacke
and partly of conglomerates in which silllranite-bearing quartz g~a’ns,
pebbles of metamorphic and isgmeous rocks, such as ouartz-porphyry and,
more rarely, dacite and ardlesite are present. Accordirg to Rayramegil
the Alacaazzi Fomation formed of alte;nations of psammites ard pelites.
“e considered the psarmites to be micaceous arkoses, and rarely noted
toummaline needles in the quartz grains., It was stated that the arkoses
may pass vertically upwards to graywackes. He also sug-ested that the
source rocks were mainly granites or sneises with som» volcanic debris
Probably derived from guartz-porphyry. Rayrarzil (195]) pointed out
the existence of andes‘t’c pebbles in the uppemost part of the Faradon
Formation, which he used to distinguish the Keradon Formation from

the other formations.
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5.2, DESCRIPTION OF ROCK CONSTITUENTS

5.2010 UARTZ
Vany of the sandstones studied are dominated by mineral quartz

grains and the siltstones also commonly contain abundant quartz grains,

The mudstones may contain as much as 20% of quartz in silt-size

particles. For the giscrimination and description of the quartz types
involved in this study, a modified version of the "Empirical Classification"
of Folk (1968) has been used. -The genetic significance of each type has
been discussed according to Krynine (1940), Blatt and Christie (1963),

Blatt (1967), Folk (1968) and Young (1976). The main eriteria for

such a classification are the extinction character and crystallinity .

(1) Monoerystalline, straight guartz, MQI: Within the area studied

monocrystalline quartz grains have a slightly undulose extinction.

The percentage of nonundulatory quartz among monocrystalline quartz

grains in the fine and very fine sand grades is considerably greater

than that in the coarser-grained sandstones, This contrast could be

due to the destruction of the less stable, strained quartz, but large
updulatory grains, when broken down into small fragments, may appear to
give straight extinction. The crystals commonly contain variable amounts
of microlite and a few fluid inclusions. In rare instances, the microlite
inclusions can be identified as rutile, zircon crystallites or carbonaceous
matter (Plate 71). Vemmicular chlorite is also & cammon inclusion,
Provenance: This type can be compared to Folk's (1968 p.74) empirical

"A" type. It is also similar to the "non-undulose stable quartz" of
Young (1976). Although the monocrystalline straight quartz was first
assigned to plutonic rocks by Krynine (1940), later Blatt (1967) showed
that it is an equivocal type. It may come from sny relatively unstrained

or recrystallised source rock of plutonic, vein or metequartzitic origin,



Plate 71 - Monocrystalline straight quartz (¥Q1) with carbonaceous
inclusions. Grains are subangular to angular. In the‘
~ lower 'part of the photograph a psammite (rs) grAain'also

‘occurs. ~ From the Kozlu Formation. (x200, P.P.L.)

Sample GE5; Gelik section, Zonguldak area.

 Plate 72 - Monocrystalline straight quartz (¥Q1) with vemmicular
chlorite. From Asma "Member" of the Alacaajza .
' Fommation. (x200, P.P.L.) o

'rﬂSarixple;N G624, Gokgol section,Zonguldak.
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Some of the crystals counted as ¥QI have undoubtedly a volcanic origin
as deduced from erbayed idiomorrhic or hyridiororphic outlines and

from the relative clarity of the erystals (Folk 1968, Blatt 1567, 1°72).
Yoreover, the vermicular chlorite in the quartz grains is thought to be
of hydrothemal origin (Blatt et al., 1972), (Plate 72).

(it) ¥onocrystalline Undulose Quartz, ¥02: The grains again aprear to be

single individuals with xenomorrhic outlines, displaying a distinct
undulose extinction with variable intensity. Yaximum undulosity of
t'e extinction in some grairs causes a semicomposite appearance

(Polk, 1968) (Plate 73 ). Subdivision of this type, with respect

to the range of extinction an~le, is possible but has not been undertaken
here due to invalidity of undulosity determinations mhen carried out
on a normal microscope stage (Blatt ard Christie, 1963; Blatt, 1067).
Provenance: This type again can be compared to Folk's (1968) "A3" and
"A4" typés, and they are alsc similar to undulose and polygorixed-
unstable types of Younr (1976). This is again one of the equivreal
types that may have been derived from any relatively strained rocks of
plutonic or more prohably metamorphic origin (Platt 1067, Folk 1068).
According to Young (1976) this type of quarté crvstal delineates thre
prelimirary stages of deformation and thus they possibly rrflect an

origin in low srade metamorphic rocks.

(4) Polvervstalline fuartz, P2: The grains are composite and wade up of more
than three subindividual crystals with widely Ai“ferert optical
orientations. Strairht or ~ore comronly crenulated (sutured: cortacts,
and straight or almrst straight extinction, are the other irporiart
characteristics ~f the subindivicual comnenents, but recrvetallized areas

within polycrystalline fr--wents are urcormen. More, the average size

ot

of tre rrlyerystalline quovtz z=zine is t~ice as coarse as the monocrystalline



Plate 73 - Monocrystalline undulose quartz grain (¥Q2), .displaying
a distinct undulose extinction., From the Kozlu Fommation.
(x200, X.P.L.)

Sample GE9; Gelik éection, Zonguldak area.

Plate 74 - Polycrystalline quartz grain (PQ). The grains are
composite and common to abundant micaceous and chlorite

inclusions are ubiquitous, From the Kozlu Formation.

- (x500, X.P.L.)

Sample GES; Gelik section, Zonguldak area.
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quartz grains as suggested by Platt (1667). Corron to abundant micaceous
end chloritic inclusieons are ubiquitous in these composite grains
(Plate 74 ). ‘
Provenznce: This type of quartz ié sirilar to Krynine's (1¢40)
"stretched" or "schistose retamorphic” type, or to Folk's (1968) empirical
"A6" type composite quartz, It also recembles the "newly crystallized
unstable type" of Young (1976). All the authors quoted above agree that
this is a definite retemorphic type, derived rrobably fro~ schists,
Fowever, Rlatt (1¢67) suggested that massive élutonic rocks also can
supply eppreciable am~unts of polycrystalline quariz to the sediments.,
According to Young (1976) elongated polycrystalline crystals represent
mild deferration and low srade retamorphic rocks., The zrains with all
elongated subindividuals are similar to the "sheared quartz" of Folk
{1¢68, p.77) and probably indicate an origin fror gneiss, ﬁetaquartzite
or sheared granites,
5.2.2, FELDSPAR

In the study area several types of feldspar have been recognized.
Thgyninclude orthoclase, microcline and a variety of plagioclose
corpositions. Orthoclase occasionally shéws sirple twinning of the
Carlsbad and Bavens type. Perthitic orthoclase is comron, but perthitic
microcline is rare., ¥-Feldspar grains display fresh and slightly
sericitized surfeces. Plagioclase grains occur in the form of idiomorphie
6r hypidiomorphic crystals, and most plagioclose exhibits albite twinning.
Yost of the feldspar has been altered to sericite (Plate 75 ).
i?rnvéncé: Feldspar has been widely used for the study of provenance
and dispersal in sandstones (e.g.Emanovic,1967; #Allen 1665; Friend and
Yoody-Stuar%, 1972). Yuch of this work has concentrated on plagioclase,

~which promises to be useful in provenance studies




Plate 75 - Plagioclase (P) replacement by sericite, The clay minerals
are growing along cleaveges or twin planes. This is
believed to be formed by the in situ alteration of
- plagioclase., Flakes of mica are randomly orientated in
the Asma "Member" of the AlacaaZza Formation. (x200, X.P.L.)

Sample G37; Gokgdl section, Zonguldak area.

Plate 76 -~ Plagioclase and Alkali Feldspar with quartz inclusion,
suggesting a granitiod source for this grain, Asma
"Member" of the Alacaagzi Fommation. (x200, X.P.L.)

Sample G54; Gokgol section, Zonguldak area.
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The relative rarity of the feldspar may be due to prolonged

abra31on and a high rate of weathering, or it may s1mp1y nean that

little feldspar was aveilable in the source area. Schlsts, vhyllites

and slates or older sedlments prov1de llttle or no feldspar (”olk, 1968,
p. 83) However, tbe undeformed nature of tbeAlkaliFeldspar sugzests

a granitoid source area (Ders conm,AR A, Roach, 1981), (Plate 76 ).
ﬁoreover the presence of some zoned plagioclose grains suggests a

volcanic origin as well (pers comm., Engen 1979).

5.23+ ROCK FRAGENTS

Rock fragments are usually polymineralic., It is difficult to
‘assess whether some smaller fragments were originally discrete grains
of separate minerals. However, most attention has been paid to the
identification of rock fragments, Like quartz and feldspar, rock "

fragments have been used for studies of provenance in sediments.

‘Currently they offer the most direct evidence of the nature of source

* rocks and due to the varying degrees of stability of many rock fragnents

(1)

" they are potentially useful as dispersal indicators (Cameron and Blatt,

.1971). The rock fragments are presented here in four categories with

respect to their source.

Meta~ornhic Rock Frasments: These are the most comron rock fragments

for the entire area. ost of the polycrystalline quartz grains
described above represent small clasts of metamorphic rocks although

tﬁey have been counted as quartz resistates for ease of classification.

- The quartzite rock fragments are also cormon; these are crey coloured,

" fine to coarse srained and may centain a few mica flaekes. Some of the

quartziﬁe grains are pylonitized, as a result of extreme deformation and
these grains*éonsist of alternative subparallel bands and lenticles of

finely granular quartz and sometimes feldspar. Both schistose and
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phyllitic rock fragments are»presentiand‘were combined in point counting.
‘Micaschist, chlorite schist and actinolite schist fragmenis are also
present (Plate 77). : . A

(i) Voleanic HockiFragnents' ‘The fine aphanttic nature and pre-, or post—

depositional alteration render precise determination difficult All o
through the Upper Carboniferous succession in northwestern Turkey o
volcanic grains are observed, and acid yolcanoes are especially abundant;
‘ Devitrified glass fragments and glassy‘shards are also common; together
with a few basalt grains.' Somepof the volcanic\rock fragnents‘were)A
,'subsequently iractured,rstrained“and veined nitn quartzgﬁrIt is“particularly -
, ‘difficult to. distinguish the devitrification products of glass-rich
volcenics and sedimentary cherts. According to Potter (1978, p 425)
Aalso some argillaceous low-rank netamorphic grains can be confused with
the grains mentioned above, especially in those grains too small to be
effectiVely recognised by elongate fabrics (Plates 78 79, 80). '

() Sedimentary Rock " Fragments" Three main types of sedimentary rock fragments

‘have*been recognised- pelitic rock fragments, chert'and sandstone'(Plates 81 -
82) fragments. * Dark, fine grained, nonfoliated detrital particles are
v: designated as pelitic rock fragments.t'Some of these grains are clearly
k composed of s1lt-size quartz and clay'minerals and sericite or : |
muscovite'iS~present. These grains probably are shale fragments or may
"'have been derived from slates./ The chert grains generally display |
a mosaic texture and sometimes contain finely dispersed iron.

Several chert grains are veined with polycrystalline quartz. The" )
aggregate nature of the grains is reVealed by the typical pinpoint bire- “~a *
f;; fringence under»cross—nicols. There is’ 1ittle textured evidence with which
to distingursh between a source from chert nodules or from bedded chert /
/’but some indicetions of fossils may suggest a bedded chert origin (Plates ‘i“5;~

83 - 84) Sandstone fragments are nore




-+ .Plate 77 - Possible micaschist (MS) rock fragments with surrounding

silicaeous (opaline) cement. From the Kozlu Formation.

~(x500, X.P.L.)

Sample D.1; Dilaver section; Zonguldak area..

Plate 78 < Altered mafic volcanic rock fragments (VR), possibly
" of spilitic origin. From the K1z1lly Formation,
(x200, X.P.L.)

'Sample 1GD.2; Ilyas Gegidi Dere, Kurucasile area.






Plate 79 - Altered voleanic rock fragments (VR), possibly devitrified
glaésy shards, From the Asma "Member" of the Alacaa3zi
Formation (x200, X.P.L.)

Sample 637:'Gékgél section, Zonguldak area.

Plate 80 -~ Volecanic rock fragments (VR), possibly basalt grains with
small stellate plagioclase laths, From the Alacaagzi
' Formation. (x200, X.P.L.)

Semple G62 A; Gokgdl section, Zonguldak area.

-~






Plate 81 - Sedimentary rock fragments (SR), possibly semi-psammite,
~ From the Kozlu Fomation. (x200, X.P.L.)

Sample GE5; Gelik section, Zonguldak area.

Plate 82 - Chert (C) and recrystallised sandstone (S) grains embedded
in a clay ratrix. From the Kiz1lli Formation. (x200, X.P.L.)

" Sample K1 B; Klleli'sectién, Azdaiay area,






Plate 83 - Chert grain (C) displaying mosaic texture and veined by

polycrystalline quartz, From the Alacaagzi Formation.
(x200, X.P.L.)

Sample G62 A; Gokgdl section, Zonguldak area.

Plate 84 - Grain probably of partly silicified fine-grained lime- -
stone,~d18playing fossil shells, clearly indicating
‘the sedimentary origin. From the Karadon Fomation.

(x200, P.P.L.)

" Sample 05; Ozkem section, Azdavay area.
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comron towards the upper part of the succession and at the topmost level
(in the K1z11l1 Forration) a few Carbonate frasments also aprear (Flate 85).
Igneous Rock Frazgments: Apart from the straight-extinction quartz grains
described above, that represent small clasts of igneous rocks (Basu

et al., 1975), some undeformed alkali feldspar and granophyric feldspar
grains (quartz and feldspar, together) may suggest an ieneous rock

origin (granitoid source). Some grains have a pseudo-clastic texture,
consisting of angular to subhedral quartz, orthoclase, and sodic
plagioclase set in a finely banded cryptocrystalline groundmass.

This texture is typical of quartz-feldspar porphyrys.

5¢2.4.MICAS

(i) Biotite: In general, biotite is the most comrmon tyve of mica, and is a
very duratle mineral, extremely difficult to round and almost‘impossible
to fracture, because it is so elastic (Plate 86 )., ILarge mica flomws
can be obgerved in hand specirens, and they are very well oriented
parallel to the bedding in most cases, In some samples the biotite
aprears to have lost some titanium and have acquired a slight green tinge
(GQgen pers. comm., 1979). However, Folk (1974) has suggested that biotite
may become bleached to a pale colden colour through loss of iron (not
titanium) in weathering, or throuéh hydrothermal attack may tum from
brown to green (sreen biotite) representing an intemmediate stege in the
rassage of biotite to chlorite, probably under reducing conditions,

ﬁﬂ Yusecovite: uscovite is one of the minerals most resistant to weatrering and
general alteration ard,as secicite, is itself a stable alteration product
of other minerals. According to Phi]lip’and Griffen (1981, p.273),
muscevite is rore characteristic of metarorrkic rocks thar of ignéous

environrents, where the alimina content seldom exceeds that required by




Plate 85 - Secondary siderite patches (SR) within immature sandstone
with scattered quartz grains. From the Kizilli Fommation,
(x200, X.P.L.).

Sample IGD6 B; Ilyas Gegidi Dere section, Kurucasile area.

Plate 86 - Possible micaschist clasts, accompanied by mica flakes (}).
'From Kozlu Formation., (x500, X.P.L.)

Sample X.10; Kozlu-Zonguldak road cutting, Zonguldak area.

CEw
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feldspar. They a2dd that primary muscovite is a "plﬁtonic" mineral
favoured by high pressure, especially directed pressure, and is not
found in volcanic rocks., Metamorphic rocks of nearly all kinds and
grades contain muscovite, and it«is typical of schists and gneisses,
but at higher grades the muscovite tends to dissociate in favour of
microcline and sillimanite, In the studied rocks, muscovite occurs
abundantly as sericite (Plate 86 ) interlayeved with clay minerals.
Inclusion of accessory minerals (such as zircon, opague) in some
muscovite grains may help to identify their prirary origin rather than
a secondary origin (2lteration products).

Chlorite: Ferrous iron is usually present to supply the green colour
(Plate 87 ). This mineral occurs as detrital grains with well-defined
outlines (flakey) or as irresular, structureless patches. The latter
are vermicular in shape (Plate 72 ) ard could not have withstood
transport and thus presurably result from diarenetic alteration of

clayey material. Therefore this secondary chlorite has been counted as

ratrix. Other varieties of chlorite group rinerals (penninite and

serpentine groups, pers comm., éngen (179) exist in the Upper
Carboniferous rocks of No;thern Turkey, although they have not been
discririnated here due to insufficfency of micrescoric criterie, Primary
chlorite occurs in low-grade metarorthic rocks (especially the creen schist
facies) and in hydrotherral environments (Frillips and Griffen, 1981),
There is little doubt that the chlorites of the Upper Carboniferous
sandstones of nérthwestern Turkey haﬁe a twofold origin. The flakey
chlorites probably were derived from low-grade retam~rrrhic rocks of schist
or greenschis% facies while the prisratic chlorites ray represent the

alteration products of ferrorasmesian rinerals and right hove beer derived




Plate 87 - Bent chlorite flake (CH), showing well defined outline,
probably derived from low-grade metamorphic rocks.
- From the Kozlu Fommation. (x200, X.P.L.)

Sample GE5; Gelik section, Zonguldak area.

Plate 88 - Clay/siliceous coatings around detrital grains, possibly
altered K-Feldspar (F), From the Asma "Member" of the
Alacaagz1 Formation. (x500, X.{P.I..)

Sample G54; Gokgdl section, Zonguldak area.






from ultramafic rocks, such as serpentihites.,

5.2{5. ACCESSORY MINERALS

Heavy ¥inerals: The accessory or heavy minerals are not najor
studied

constituents of the rocks, Zircon is the rost abundant

3 -

aniso%fophicfkeavy mine;éi éna s£o€s pink to pgrple»coloqrs in thin
sections, tSomeyzifconé aée rounded and may indicate derivation from
metamorphip (high orade metamorrhism) or sedimentéry sources, A few
euhedral zircon crains occur, |

Ovanue Vinerals: These are corronly black, enzular or conchoidally

fractured grains; or{sometimes paté@y grains are abundaznt., & few

coai fragﬁenté also may have been counted in this class. Yo atterpt was
made‘to differentiate opaque minerals and carboraceous material in this
study, because of the relative rarity and identification difficulty

in the microscore.

Secondarv ITren Yinerals: This category includes brown, red, orange and

vellow iron rinerals which may be hematite, siderite, geothite or
lironite, urless these rinerals are clearly pseudororrhous after another
mineral, e.g. biotite. Siderite forms as a replacement, as a directly
precipitated ooze, or as concretions from iron minerals. fecording

to Fhillips and Griffen (1981, p.53) sedimentary siderite represents the
precipitatioh of soluble ferrous bicarbonates in oxygen-poor
environments, Siderite alters to iron oxides and hydroxides, usually
geothite or limonite., Tematite is steel grey to black, with a re*allic
lustre in reflected light, and a tendency to a rmarginal red hue. Most
occurrences are red and translucent, Fowever, their earthy-smorvhous

appearance indicates that they are secondary in origir (Plate 71).

153
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Clay minerals: Clays are sheet structure silicates closely allied

to the micas, and nearly all clays are crystalline and display similar
optical properties. Thus they are difficult to distinguish microscopically,
Folk (1974). 1In the studied thin sections clay occurs most commonly
as a coating on detrital grains (Plate 88 ). Kaolinite is the most
common type of clay mineral in all the sandstones examined. Although
it is difficult to recognise in thin sections, and is somewhat
variable in character, most of fhe kaolinite recognised here is a
fibrous, colourless material with weak birefringence . KXaolinite
aggregates frequently occur in intimate aésociation with decomposing
muscovite, suggesting a genetic connection, but kaolinite has also
been observed to form from the alteration of feldspar. Nany of the
’clay mineral aggregates in the studied sandstone consist of both

kaolinite and sericite.

5.2. 6. ASPECTS CF CEI'ENTATION, DIASENESIS AMD ALTEPATION

The term "cement" is used after Dickinson (1970) and includes, in
grder of abundance, carbonate, silica, feldspar and clay minerals. Cnly
Vcarbonate and silica comprise more than 10% in some thin sections(Plate 89).
Carbonate cement is more common inﬂthe lower part of the succession
(AlgcaaQZ1'Formatlon) and also ;n the tormost levels (K1z1111 Formation).
Quartz and feldspar often show corroded margins when in contact with
calcite cement, and in some cases feidspar has been replaced by calcite(PlateS0)
Generally, the entire interstitial space has been replaced by calcite
cement., Especially in the Kizilla Fbrmat%on sandstones the carbonate
bccqrs as plates which are slightly larger than the mean grain-size of
the sandstone, thus enclosing several detrital grains and providing

clear evidenpe for post-derositional growth of the crystals.




Plate 89 - Carbonate cement (@) around Quartz (Q) and feldspar (F)
grains showing corroded margins when in contact with - =
‘calcite cement. From the Alacaagzi Formation. (x200, X.P.L.)

Sample TA5; Tarlaagzi section, Amasra area.

Plate 90 - Plagioclase (P) grain partlally replaced by calcite cement
(cr). From the Kozlu Fornation. (x200, X.P.L. ) /

Sample GE11; Gelik Sectlon, Zonguldek area.
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Eowever, in the lower part of the Alacazgzi Formation this kind of calcite
overgrowth has not been recorded. Cementing iron oxides occur in many
thin sections and especially in the Kozlu and Karadon Formation samples.
Siderite is the dominant iron mineral but hematite also occurs, MNost
commonly iron oxides occur as grain-coating granular veneers which

may coalesce to fill small residual interstices, and also form larger
irregular patches and stringers. <The actual amount of cement depends on
the grain size and packing . Siliceous cement occurs as optically

* continuous overgrowths in some thin sections but this is not (Plate 91)
quantitatively important. Especially in the upper part of the Kizilla
Formation, some quartz-rich sandstmes contain quartz overgrowths which
appear to have developed at a time when abundant free pore-space wés
available and they clearly pre-date the formation of pla‘&’y

carbonate cement. It seems that pressure solution plays an important
role in generating authigenic silica. Heald (1956, 1959) showed that
the dissolution of quartz and the effects of pressure solution can be
influenced by the clay content. The exﬁerimental investigation of Renton
et al., (1969) also indicated that the effects of pressure solution
increase markedly with decreasing grain size. Chalcedonic silica

is a legs common cementing constitﬁent, and occurs interstitially,
'filling srmall, sub-ovoid rores either partially or completely. It is
most frequently encountered in sandstones of the Kozlu Formation,

In most of the sandstone examined K-Feldspar appears particularly
susceptlble to alteration, Marginal corrosion of the grains by clay
minerals and iron oxides is common. It is'possible that some of the
alteration of these feldspar grains took place during weathering or
fransport rathér than through diagenetic alteration, as suggested by

Greensmith (1957) from the Upper Carboniferous sandstones of Derbyshire.




Plate 91 - Siliceous cement, occuring ,‘as\optically continuous
- overgrowths on.the edge.of a chert (CH) grain. From the
'K12z1111 Formation. (x200, X.P.L.)

Sample AZ8% Kiz1ll1 section, Azdavay area.

" Plate 92 - The corroded margin of chert (Ch) in contact with
" mesocrystalline calcite cement., (x125, X.P.L.)

’Sample AZ8; Kiz1lli section, Azdavay area, Kizilly

Formétion.
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However, in the #lacaagzi, Kozlu and Karadon Formations the small amount
of feldspar present may exert a marked influence on diagenetic changes
(Plate 88)., Microscopic identification of clay minerals has proved to

be difficult due to their extremely fine grained-size. Nevertheless, some
feldspar grains appear to have been completely.pseudomorphed by clay
mineral aggregates or sericite flakes, Moreover, some clay minerals
commonly occur in the cracks of fractured feldspar.

Alteration of muscovite is common, and sometimes it is almost
entirely replaced by sericite and illitic flakes.

It can be concluded that the high initial porosity and vermeability
of the Kozlu and Karadon sandstones promoted formation of clay minerals,
mainly through diagenetic alteration of detrital feldspar grains by
circuiating ground water. Permeability was the basic control of the
degree of diagenesis. Moreover, it is possible to distinguish two phases
of diagenesis in these rocks:

Early Diagenesis -~ This term refers to changes occurring during burial

to a few hundred metres, where elevated teﬁperatures are not encountered
end where uplift above sea level (or lake level) does not occur, so that
the pore spaces of the sediment aré continually filled with water (Bemer,
1580). -

In the studied area some destruction of lamination by burrowing
the formation of siderite concretions, the infiltration of clay and
iron oxide precipitation are regarded as early diagenetic effects.

. Siderite nodules are abundant in the lower part of the Alacaagzi
Formation. According to Berner (1980, p.210); in the marine environment
the authigenic iron minerals most commonly formed during the early
diagenesis of organic-rich, anoxic sediments in pyrite (FeSz). However,
in the interstitional waters of anoxic, organic-rich, non-marine

sediments cne.commonly encounters high concentrations of dissolved iron
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' that results in the formation ’ during early diagnosis, of reduced

_Aauthigenic iron minerals such as siderite.

The more or less sxmultaneous infiltration of clay and iron oxide
%“precipitation are both important in the early diagenetic history of the

'rj:studied areawalker,waugh&Crono(1978) found such an association to be

i* typical of mechanically infiltrated clays, deposited from waters
’containing clay particles in suspension sinking into dry and very

‘vpermeable sediments. 4‘

/“ This early diagenetic phase may or may not be accompanied by growth

“of authigenic quartz and feldspar.

v

Late Diavenesis - In the studied sections, replacement of detrital

' feldspar by colourless clay minerals may be assigned to this episode,

‘ﬂSome clay minerals appear to be related to marginal corrosion of quartz
. and feldspar (Plate 88 ) This phase of the clay nineral formation is
}rbelieved to have occurred late in the diagenetic history of the
sediment The other indicator of late diagenetic events is the growth
‘hof secondary quartz in the Klzllll Formation. This mineral fills pore-
q;spaces left after growth of colourless clay. Possibly the K+ activity

~ was too high for silica precipitation and instead quartz dissolution

’«;ﬂ'took place because of increases in PH, as is suggested by Dypvik and

‘V‘Vollset (1979) from the Jurassic sandstones of the North Sea. The

} other evidence for late diagenesis in the Ki1z1ll: Formation is corroded
;/‘margins of quartz (especially chert) and a few feldspar grains by
AHLCAIthe cement which provides post depositional evidence for this
‘w\{ormationi(Plate 92).
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5.3. " SANDSTONE COMPOSITION OF THE ALACAAGZI AND KOZLU FORMATIONS

The triangular diagram for the Alacaagzi Fommation sandstone has been
~plotted with the following poles: @ pole - quartz, F pole - feldspar,

R pole - all rock fragments (including cherts). Plots for different sections

\""

are shown in Fig. 26 According to this scheme the Alacaag21 Formation g
sandstone falls into theycategories of subarkose to sublitharenite of

) Pettijohn (1954) In tenns of the areal distribution of. these different

"'\

categories, the Gokgol section sandstones (Uzulmezdere stream-cut of Zonguldak

‘‘‘‘‘

area) mainly. i‘all into the subarkose category shile the Gelik and Agik Yama =

wx

:sections (Zonguldak area) sandstones fall roughly between the subarkose -

o~

~and sublitharenite categories.“ However, the Ulutamdere section samples

-~
R

‘fall mainly within the sublitharenite field These differences are

mainly due to grain size, sedimentary environment and transportation

- L

factors.f‘Grain siZe is also important in determining the sandstone

L

composition. For instance, a ‘bivariate scatter plot (Fig. 32&) demonstrates

- that coarse grained sandstone samples of the Alacaarzx and Kili¢ "Member"

/"“

\ of the Kozlu Fonnation‘sandstone tend to have higher quartz content than
‘fine-grained sandstone samples, as has been observed by Flores (1978) in

Pennsylvanian rocks of northeastern Kentucky. Also the very fine grained

‘e‘; «‘b"‘% )

sandstones contain more feldspar than the other coarser—grained sands.

&,‘k

‘This is consistent with the work of Fuchtbaner (1960) who also condluded that::” >

,&x

detrital feldspar/quartz ratios are strongly dependent on’ grain size, The ‘
depositional environments of the Gokgol, Tarlaagzi and Asma "Nembers" of the%
Alacaagzi Formation also have exercised a significant contrcl on ouartz/

g feldspar ratios. For example, most of the Asma ."Wember™® of the Alacaagz. .
, lFormation falls into the subarkose category, because these sediments

' were deposited under fluvial conditions. On the other




( , KOZLU FORIATION (Lower ).
) 90‘ (K1lag "Member" ) ‘
GE (-) Gelik Section.
‘ ‘AY (©) Acak Yarma Section.
80 ALACAAGZI FORMATION.
G (o) Gokgdl Section.
‘A (a) Alaﬁaaén Bay Section.
U (s) Ulutamderd Section.
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Fig 26. QFR diagrams for sandstones in the Alacaagzi and the Kilig "Member" of the Kozlu Fommation,
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hand, if the sedimentary environments have been influenced by marine
activity, the sandstones, such as those in the Tarlaagzi member, for
instance, fall into the lithic arenite and sublitharenite fields
(Fig.26 ).? Fnrthermore, the labile grains are concentrated in the
finer fractions ana are relatively depleted in the coarser grades, a
relation. that results from the mechanical breakage of grains during
grain-to—grain collis1ons during transyortation (Cdam et al., 1 76)
Some samples are very close to "wacke" class, because the matrix
component is about 1%% or above (Fig. 28) The Q L ¥ triangles

for the Alacaagz1 Formation sandstones have been plotted with the
following poles, Q pole -‘quartz,'L pole - labile, M pole - matrix.
Feldspars, micas, opaque minerals, heavy minerals and unstable rock
fragnents are counted as labile components, and only clay minerals

are counted as matrix. The mineralogy or composition of the cement

is nzptincluded in this classification (cement-free basis). The

high percentage of matrix (Fig.28 ) is probabdly due to the diagenesis
of feldspar, nccording to Pettijorn, Potter and Siever (1972, p.166)
"matrix may not resultgfron primary deposition and it may be introduced
by infiltration shortly after deposition or it may be of diagenetic
origin". Yatrix is possibly produced by the transfomation of argillaceous
and volcanic rcck fragments after deposition in the Alacaagzi Formation.
Also it may well be that feldspar altered diagenetically to clay after
transportation.

Q L M diagrams (Fig.28 ) reveal that the Alacaazzi Formation
sandstones are generally quartoze and contain high amounts of labiles
and relatively smaller amounts of matrix. In contrast, the Tarlaagzi
"Member” cf the Alacaagzi Formation contains comparatively more labile
material, whereas the Asma "Member" contains relatively more quartz

and less labile material.
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Qst-u-p diagrams (Fig. 30 ) show that the Asma "Member" of the
Alacaagzi Formation and Kilic "Member" of the Kozlu Formation contain
less undulatﬁry quartz material than the Gokgol "Member" of the
Alacaagz. Formation. Also polycrystalline quartz is more abundant
in the Ta;laééz1 "Member" of the Alacaagzi Formation. The proportions -
of straigﬂ; éxtinétion quartz grains are not significantly different
in those grdgps of sandstones. The relative abundance of polyerystalline
quarfé)inithg éoarse grained sandstones of the Asmg:"uember" is
possibi} due’ to tﬁe following factors; |
i) tﬁé”lnéiﬁid%al:grains of the finer sandstones may be derived from the

breakdown of aggregates of ﬁglycr§stalline grains or
ii)the difficulty }n ideﬁtifying polycrystalline quartz grains in

the fine-graiﬁea,sandstones.

5.3ﬂ1, - PROVENANCE — GENERAL CONSIDERATIONS

fhé Qst-u~p diagrams also may be used to understand the provenence. o
Accordiné'¥§‘Basu et al., (1975, p.873) the plotting of the relative
vercentage of four’tariables (1 - undulose, 2 - nonundulose,
3 - polycrystalline qﬁartz and 4 -~ numbers of crystal units per
Polycrystalline grain ) on a single diamond-shaped diagram enables
one to discriminate sands of plu¥on1c and low-rank or high-rank
. metamorphic parentage, both for recent and ancient sands. However,
in this study, the crystal density of polycrystaliine quartz has not
been differentiated. According to this diagram, (Fig.30 ), the
quartz grains in the Alacaagzi Formmation were derived mainly from a
highly heterogeneous metamorphic source area, Similarly MacK et al.,
(1981) have suggested that the relative abundance of metemorphic rock

fragments and unstable polycrystalline quartz indicates that the
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Hartselle and Parkwood sandstones (Mississippian) of Alabamawere
derived primarily from low rank metamorphic source rocks.

The Alacaagzi Formation sandstones are mainly poorly sorted, immature,
and their lower parts:contain significantly more calcite cement than the
upper parts, probably because of the envirormental differences.
Similarly, Flores (1978) pointed out that delta-plain sandstones
commonly have more cement than alluvial plain sandstones in the
Pennsylvenian of northeastern Kentucky. The high cement content and
commen occurrence of calcite cement in the delta-plain sandstones are
diagenetic changes that resulted directly from their proximity to
open marine conditions. Partial removal of the matrix by winnowing
probably created pore space in which interstitial cement precipitated
during diasenes1sof the sediments.

In the Alacaag21 Fcrmation eand°tones, quartz grains are mainly
lineated, ancular to subangu ar in shape, ard show °t“ain-1nduced
features which might indicate the existence of major shear zones
in the source area. Also some quartz grains contain secondary
vennicular chlorite. In most of the thin sections Perthitic K -
Feldspar had been recognized and is mainly replaced by calcite.
Plagioclases are mainlyoligoclase and show some inclusions. The
most abundant rock fragments are chert, micaschist chlorite schist
actinolite schists, siderite, lithic fragments (basalt), volcanic
grains (which may suggest a minor emount of volecanism), and towards
the'top of the formation, old sedimentary rock fragments such as
AIllate; siltstone and mudstcne. This secondary sediment contribution
%és"séoviéea"by sedimentary source rocks into the Asma "Member".
Micas often appear to have been deformed by compaction. Sometimes
oiotiteﬂlaths“may contain rutile needles, possibly due to overgrowth,

and sometimes their colour has been changed to green due to loss of
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%ifaniﬁm}"EUhedfal‘zircon is the’only heavy mineral observed, and
may possibly indicate an igneous source,

" Briefly, ‘the source area was composed of low to high-grade
metamorphic rocks, incorporating some igneous rocks, and the whole
édmﬁlex'wés:ﬁériédiéélly‘charéétériéed by volcanic activity. The
sedimentary rock fragments also suggest a subordinate sedimentary
source. However, although compositional maturity of the sandstones
varies within the Formation, the grain types and relative proportions
of fhévnon:quartz fraction are essentially consistent, suggesting that

all of the sandstones were derived from the same source area,

-
N 3

5.4.  THE KOZLU AND KARADON FCRMATION SANDSTCNE . CCMFOSITION

... Sandstone of the Koz;u and Faradon Formations range from very fine
ggained to coarse grained and are generally dirty, immature, and
@ede;ately sorted. AlsoApercentage of quartz against grain size
(Fig.32b ) illustrates that more or leas gentlg line than the
Alacaagzi Formation -example,

According to the Q F R diagram (Fig. 27 ) the Kozlu and Karadon
Forﬁétion sandstones mainly fall into the sublitharenite class, However,
a few rock samples of the KozluqFo;méfion fall into the subarkose

and lithic arenite categories. Therefore the Kozlu Formation rocks

show a wide compositional range. For example, fine grained sandstones

6£”£hé KlilngemberJin ﬁhe ﬁozlﬁ Formation méinly bél&ng to the
éuiliiharenité éétegofy.’ Quarti gfaiﬁs showAmoétly straiéht extinction,
énd are subangular to angular, but they aleo may show 2 zonal innlusion
system.‘ In the sandstones quartz grains are generally lineated and

secondary porosity can be seen. Tn the lower part of the Kozlu

Formation potéssium feldspars and a few plagioclases are recognizable,

RS
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the percentage of plagioclase increasing towards the top of the
sections. Muscovite and biotite are rare. The rock frzgments include
muscovite schist, actinolite schists, mylonite, abundant siderite,
chert and some sedimsntary rock fragments (especially siltstone and
sandstone) are fepresented. Also abundant volcanic grains (porphy;itic),
together wfthfsome bssalt grains, were observed. )

QLM dsaéraos;inéicate that the Kozlu Formatioqussndstones contain
40 ~ 60 percéﬁt‘of qﬁartz, 40 - 50 percent of labiles and a high matrix
oontent Generally speaking, these rocks contain less quartz and )
substant;ally higﬁer labiles than the Alacaazzi Formation rock samples(Fig29).
Similarly, the Karadon Formation contains more quartz, less matrix and
40 - 70 percent labiles. The Qst-u-p diagrams (Fig.31) show that
the Dilaver Membes of the Kozlu Formation contains less undulatory
qqaryz»gfs;ns than the Karadon Formation sandstones, but more straight-
ei%ioction quartz grains: The distribution of polycrystalline quartz

Lot

grains is more or less the same.

?.4.1. PROVENANCE

The Qst-u-p diagrams may also oe used to understand the provenance by
using the diagrams of Rasu et al.,»(5975). However, these diagrams do
not give a clear indication of lhs source afea.‘ For instance volcanic
quartz grains cannot be included within this schéﬁs; and the passage
from low rank to high rank metamorrhic source~rocks is not realistic,
but only gives some general idea of the nature of the source rocks.
According to the interpretation of Basu et al., the Kozlu Formation
sandstones were probably derived from a low—rank metamorphic area,
while the Karadon Formation sandstones were derived from both low-and-

high-rank metamorphic areas.

Detailed analysis of this section shows that the lower part of the
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Kozlu Formation sandstones has mainly a calcite cement, whereas the
upper part of the Kozlu Formation contains more chert and clay matrix,
In the lower Kozlu the plagioclases are mainly Na rich (albite),
undeformed alkali feldspars (orthoclase - microcline) and granophyric
feldspar (quartz and feldspar together), sometimes replaced by calcite.
Some of the rounded and fractured quartz grains may indicate a volcanic
origin, - In some quartz grains, parallel inclusions and some liquid
inclusicns were observed, which may. indicate a metamorphic origin
(pers. comm., 5ngen, 1979). . Polycrystalline quartz and radial chalcedony
have sometimes been changed to chert. The lithiclasts include
micaceous sandstone,. psammite, actinolite schist, micaschist, quartzite,
mylonite, acid volcanic grains, devitrified glass fragments, glassy
shards (Roach pers. comm., 1981), siderite patches, chert and coal
fragments. Evhedral zircons are also observed. Randomly oriented
micas and ohlorites have again been deformed under compaction (Plate 87 ).
Sandstone composition of the upper part of the Kozlu Formation shows
xlittle variation. Most of the feldspar grains are altered and coated
by hékmatite.4 Plagioclase grainsmare rare,naltnough some are seen in
oonoination'with qaartz‘grains and are oftengreplaced Byﬂserisite.
Sedimentary micaschist and fragménts are abundant. Some of these
sandstone samples belong to the Karadon Formation whlch contains mostly
clay matrix, orthoolase (Perthitic texture) plagioclase and vermicular
chlorite. Some rutile inclusions are observed in the mica grains as
well The micaschist clasts contain granular strained quartz with
small muscovite plates which define the schistosity.' Apart4fr0m these
ﬁétaolasts;”fraénents\of siltstone, sandstone, chert, diobase, volecanic

glass and possible serpentine grains were observed.
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Briefly the wide variety of rock fragments indicates thét the Kozlu
and Karadon Formation s:ndstones were derived from a source area which
included medium-rank matamorfhic rocks,‘granitic material, acid volcaniec
rocks, and an unmetamorphosed sedimentary sequence. An interesting
" point is that the lower part of the Kozlu:Formation‘contaihs abundant
myolinite fragments. This possibly indicates that some paft of the
source area indluded a shear zone, probably a thrust zone (pers. comm.,
R.G. Park,:1981). Park (1964) showed a similar situation in the
Torridonian rocks, similarly Williems (1969) suggested that the
provenance of mylonite pebbles inderridonian rocks éuggested their
localized derivaticn from mylonite zcnes within the Lewisian complex

in 'northwest Scotland,

5.5. TFE KIZILLI FORVATION SANDSTONE CCMPOSITION

According to the QFR diagrams the K1z11l11 Formation sandstones
fall into the subangse and lithic arenite categories (Fig.27 ).
The QLM diagrams show a moderately high content of iébiles and quartz
(Fig: 29 ). ' The K121111 Formation rocks are more uniform in
character than  the other formations and show a close grouping on the
compositional plots. Q,S —p ; _ diagrams revealed that the Kizilli
Formation contains a mixed series of quartz grains; some samples contain
a high arount of straight-extinction quartz. Therefore it is difficult
to apply the diagrams of Basu et al., (1975) to the X1z11l1i Formation
sandstones. B
"* The K1z1111 Formation sandstones mainly contain clay matrix fut in
the upper part of the section calcite cement is predominant. 'Generally
speaking the Ki1z1111 Formation sandstones are immature, poorly sorted,
with angular-to subangular grains which become more rounded and sorted

towards the top of the section,
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Quartz grains are mostly scattered within an abundant cement and
somefimes a faint nicro-lamination and imbrication are obsgrved.
Orthoclase, secondary feldspar overgrowths and a few plagioclase
grains (often replaced by calcite)can be seen, Micas are only xarely
present. ﬁbst;of~the gquartz grains are coated by iron, and often the
sandstones are organic-rich. .Rock fragments of chert, siltstone,
mudstone, siderite patches and especially abundent micritic limestone
grains, micaschist and some volcanic materizl (volcagic glass and few
basalt grains) were observed. The upper part of the Kizilli Formation
sandstcnes generally show bi-modal grain size distributions, with
well-rounded and lineated quartz grains, which sometimes show overgrowths,

Volcanic and sedimentary rock fragments can also be seen in most samples.

5541, PROVENANCE
The maturity of the sandstones in the upper part of the Kizilla

Formation sandstone is a function of their medimentary envircnment,

The well-rounded nature of the quartz grains reflects a high degree
of reworking in the alluvialplain environments. However, the quartz-
rich sandstones are possibly the result of numerous cycles of
transport and erosion, each cycle contributing a progressive increase in
roundneés and a loss of unstable minerals. However, the lower part of
the Kizilli Formation is dominantly composed of lithic arenites, the
composition of which is similar to that seen in some modern river sands.
Also ﬁhe rarity of coarse micas may well indicate an alluvial plain
environment. Similar comparisons have been made by Flores (1978) in the
Pennsylvenian of northwestern Kentucky. He also suggested that the
high cement coﬁtent and common occurrence of calcite cement in the

delta-plain sandstones are diagenetic changes that resulted directly
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" from their proximity to open marine conditions.

In summary, the variety of rock fragments in the Kizilli Formation
’j(see DP. 166) most ofﬁfhe; are indlcators that they derived from a

| metamorphic gpq;pe area, However, the abundance of 1imestone clasts
"towards the top:of- the Formation: probably results from reworking ‘of
olderﬁcarbénate plétform sediments,\togetherfwithfafsmall amountof
volcanic: activity, in.the intermontane area.uTThé matufity and‘wéll

~ rounded nature of. the grains in the red ’ sandstones of :the K121111“‘V“*
Formationlsuggests a-high~degreefof rewo;kingfincthe‘intermontané

alluvialfplain‘énviroﬁments!(possibly withfassoéiated"wind‘adtidh).&““



CHAPTER 6

. PALAEOCURRENT ANALYSIS

" 6.4. INTRODUCTION

" ‘Palaeocurrent measurements have been derived from a variety of

sedimentary structures w1th the aim of studying regional variations

in palaeoslope and relating this to the lithologic variatlons and

A environmental associations observed in the studied area. Palaeocurrent

analyses were made to determine the overall direction of sediment

transport and the sediment dispersal patterns that were obtained during
the dep031tion of Upper Carboniferous rocks northwestern Turkey.

The implications of these general transport directions with regard to

P

environments of deposition,‘palaeoslope and location of the source
area Will also be discussed briefly. Most measurements were taken

from cross—bedding and orientated plant debris (particularly large

"stem fragments) Primary current lineation and ripple cross lamination
" were used to a lesser extent L However, a detailed discu531on of the

entire dispersal (palaeocurrent) system of the basin is not provided

here, since limitations of time made it impossible to carry out the

’ systematic mapping of all the sedimentary structures (yielding vectorial

data) which would be necessary for such a comprehen51ve study. Instead

vectors were obtained from a number of localities regarded as critical

in interpretation of the basin,

¢

6.2,  VECTOR ANALYSIS

~». Most published rpalaeocurrent studies have been based on cross-

. bedding, -Most cross-bedding is produced by the migration of sand waves

and dunes (Potter and Fettijohn, 1S63).

Allen (1968) suggested that tmo main sources of variation occur:

168
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(1):.variation of cross-bedding within individual channels,
and . . .- o Lt

(i1) variable orientation of different channels.

Most-of the fluvial channels are orientated almost parallel to each other
and also parallgl;to the regional slope. Deltas are certainly a

separate case because of their tendency to radiate. The subject is
complicated,  because of the different types end scales of structure

which may be measured (Allen 1966, 1967, Miall 1974), and which give
different palaeocurrent patterns. . For instance Selley.(1968) has suggested
that an epsilon cross-bedding type of large scale cfoss—bedding presumed
to be:the most typical of point bar deposits in high sinuosity streams
(Moody-Stuart, - 1966) is built up -ih a direction perpendicular to the
primary -current direction, owing to the outward migration of the point
bar on the concave side of a river meander,

- - Smith (1972) measured the foresetdip directions of lobate sendwaves

in the Rivei Platte and found there was a considerable dispersion, and
argued-that ancient sequences with tabular cross-bedding fommed by similar
bedforms should also have a wide dispersion because of this in-channel
variability. Therefore the nature of river hydrography may have an
important effect on-palaeocurrent.range and variability,

K Jones: (1977, p.31) suggested that the present methods of palaeocurrent
analysis, usually involving measurement of crqss—bedding orientation and
thé.calculﬁtion"of'variance and vector magnitude, do not provide a very
reliable means of distinguishing béfwee; meandering and non-meandering
rivers-in "ancient sequences.  Other techniques, such as concentrating on
trough cross-bedding, or considering only higher rank structures such as

channel -walls may prove to be more reliable.
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6.3. VMETHODS-OF STUDY

Measurements of engles of‘inolination, maximum dips,razimuths
or directions of maximm dip :of foresotaand maximum thickness of the
cross-bedded layer’are relatiteI& straightforward "The accuracy with
which these, properties ‘can be measured contrasts sharply with the
difficulty of precisely defining cross—bedding.l If true bedding -
originally has not been deposited horizontally, this dihedral.
angle may be slightly larger than the angle of inclination following
Potter and Pettijohn (1977, p 99) 'I‘he bearing of ‘the maximum dip

direction is the axrount of the foreset 'bed

- -

Nany geologists prefer to measure up to 200 measurements of a single
outoropl Unfortunately, in the present study only a few measurements
could be obtained for each outcrop.‘ HoweVer, every major outcrop was

5,

visited and palaeocurrent measurements were made if conditicns were

considered suitable. , ”é‘fdﬂ“:?f~ fii,jfftfﬁ

The palaeocurrent data is presented as a regional map (Fig. 33 )
of Zonguldak area. On’ both the maps and cross sections, the palaeocurrent
data has been plotted on circular rose diagrams.mYReadings have been
grouped in forty deéreerintervals and all the readings presented and .
corrected to "Grid north":: No measurements were taken for the orientation
of the erosive bases or co—sets, which thus means. that all the readings
taken are attributable- only the the depositional aspects of the palaeoflow.
As many measurements as possible were made in exposed cross-beds. The
vector mean szimuth of these readings was then calculated for each
outcrop., The variability of the palaeocurrent pattern usually can be
assessed by preliminary sampling of a few outorops.g VMore measurements

are required (for a given level of accuracy)vto estimate a varience then

& mean.
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In regions of tilted or folded strata, directional sedimentary
structures noylonger retain their original orientation. It is necegsaxry,
therefore, to correct their present attitude for tectonic deformation
and to ﬁrestore" them to their nriginal position before any palaeocurrent
analysis can be made (Potter and Pettijohn, 1977 p. 371). The graphic
solution may be accomplished by the conventional methods of
descriptive geometry or by the use of stereographio projection.s“

These observed data are grouped into appropriate class intervals from
wHich a "current rose" is constructed. The current rose conventionally
indicates the direction toward which the current ,moved. In the N
present study a class interval of 40 degrees has been ghosen in view of
tne relatiVely small size of the vector populations measured The
midpoint of the modal class can serve as a point estimate (a specific
direction rather than an interval estimate) of avarage current direction.
The midpoint of modal class is primarily useful for making regional and
subregional complications, for it is usually inconvenient a regional

map, even if enough data were collected at each outcrop, to construct

such e current rose (Potter and Pettijohn, 1977)"

6.4, ANALYSIS OF RESUITS

The measurements taken from different formations have been treated
separately.” In the case of ripple lemination and cross bedding,
measurements were taken in the vertical planes and the aszimuths
of ‘maximum dip directions of the forests have been measured., For
solitary cross-bedding, measurements were taken from each set oncountered.
For the grouped type; if the coset was composed of uniformly directed
sets, one averaze measurement per coset was recorded. If the sets

indicated different directions, the reading given by each set was recorded,

S .
. N 4
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“-In the Alacaagzi Formation flow vectors of both the flutes and
the crose-bedding show the same preferred direction, transport being
towards' the south-east in’'the Zonguldak area, although in the Amasra area
other factors were also effective such as north easterly long shore
currents and northwesterly wave directions. A summary of these
relationshipe is depicted on the palaeogeopraphic map of northwestern
Turkey (Fig.36 ). Probably the strand line also migrated towards the
southeast with-time, together with -delta progradation.’ Incofsr ac this
association has been interpreted as' the product‘of”ﬁrodeltaic _
delta front and delta top environments, highly variable or at least
divergent vectors could be expected: (Klein, 196;). " Nevertheless, the
significantly unimodal overall current direction ‘implies that the -
palaeoslope that controlled flow systems in the upper delta plain
and ‘fluvial environments was ‘still effective and persistent in time for
the lower delta platfomm currents. Consequently, it is tentatively
suggested that the "fluvially influenced offshore downslope" palaeocurrent
model of Se11éy(1968)‘preva11edidurihg-the deposition of this deltaic
sequence of ‘the Alacasgzi Formation. -Especially in the western part
;f the Zonguldak area, unidirectional palaeocurrents suggest a south-
westward progradation, possibly across the regional palaeoslope, and a
wide spread of ripple trends such as is commonly found in fluvially
dominated sediments, could indicate a meandering style delta-top feature,
Further support for a general southeast facing palaeoslope is obtained
from flute-oasts ~  orientation which'is 165° in the Zonguldak area.
However, in the eastern part of the area (Amasra) where the Alacazgzi
Formation sediments were exposed to the influence of marine processes,
the dominant vectors are more frequently aligned parallel with

palaeostrike (NW - SE) and have more subordinate ebb -and flood vectors.
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Féaigré;'gfxihié§£ype aré'inferpretéd as the products of longshore
drif%ﬁ Their dominant north-easterly orientations therefore are
attributed to ‘longshore currents which are believed to be responsible
for the oblique and sub-parallel oriented cross-bedding, with respect
to the shoreline. Moreover the apparant oblique orientation of ripples
is attributed to a combination of longshore and wave induced currents

(Fig. 34 ). |
Additional evidence for a south-easterly facing slope in the Amasra

g rd
area is provided by the flow-vectors derived from fluteg on the

L

base of prodelta turbidites measured in the Tarlaagzi Bay coastal
exposures that yield a mean vector value of 1450. This presumably
(reflects erosiye‘activity by density currents moving down the prodelta
slope. h f:

1A11 fhe palaeoéﬁfreﬁt directions detailed above consistently suggest
that a dominantly SW - NE trending shoreline was a characteristic
controlling feature of the Alacaagz: Formation. While fluvial discharge
appears to have been uniformly directe&itowards the south-east, the
western parts of the area are less effected by longshore drift,
compared with the Amasra area, where longshore currents were operating
with a dominant northeasterly trend which may be related to the
prevailing wind direction.

In the Kozlu Fomation the overall direction of fluvial transport
appear to have been towards the SE but:a high degree of palaeocurrent
variance was also observed, especially in the Zonguldak area (Fig. 34 ).
Although the precise reason for this high variance could be established
_ only after a much more exhaustive anal&sis than has been possible in
this study, the sum of the observations is consistent with the vector

R

pattern to be anticipated from a meandering stream cystem characterised
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ﬁy’rélatiﬁely low falling stages. MNoreover, the anomalous series of
northwesterly current directions in the southem part of the Zonguldak
basin (especlally in the ¥1li¢ "Member") are derived mainly from
ripple-larinated ‘sandstones within the lacustrine Facles Associations, ond
presumably reflect the directions of wind and wave-generated sediment
transport within the Kilig lekes and lagoons. Nevertheless , even
excluding these lacustrine deposits, there remains ‘a high variance for
fluvial sequences’ ‘The interpretation of the palaeocurrent variance
10 rather complicated. For instance, Allen (1965) suggested that
anciénf?ﬁeahdéfingAriver'seqﬁéﬁcé’éﬁoﬁldwéhow a palaeocurrent pattern
with a high variance. thlemani(1969)JShoﬁéd that crosp-bedding orientation
in the ﬁéihiytbraideé Bratmaputra River has a low variance, but Smith
(1972, 1974) established the high values of variance of‘crossébeddihé
in somé braided rivers and thus demonstrated that not all braided’
river regimes have a low variance. Cant and Walker (1976) suggested
that " “straight and braided rivers with lobate sand waves may
éﬁawdé*highe;“vaiiénéeiﬁhere there is substantial‘lateral movement =~
during low and falling stages. However, Telsseyre (1978) observed
that in mountain meandering streams,sand is transported as bed-load "
arid- forms channel ‘sand bars in the Quarternary and the Lower Carboniferous
fluvial deposits of Intrasudetic Basin. The ‘resultant current roses end
grand'vector means pointing upchannel. o

In the Karadon Formation, palaeocurrent analysis does not provide
a very reliable means of distinguishing between meandering and non-
meandering types of sequences. In the study area palaeocurrent
measurements rely on trough cross-bedding, or tree trunks orientation.
Vector means indicate current directions towardé the west-southwest

suggesting sediment derivation from a northem or north-easterly source.
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However,)there are some palaeocurrent directions towards the north-
west and the south-east (FigJl5), and this variability presumably

is a consequence of the highly meandering nature of the Karadon stream
sysiem, which nevertheless appears to have shifted significantly in
‘orientation by comparison with the underlying Kozlu Formation.
Additional evidence for slight change in the palacocurrent orientation
in the Zonguldak area is provided by téctonic\actiQity. Conglomeratic
\naturé of the Haradon Formation suggest tectonic uplift begun in the
Westphalian B time in the Zonguldak area.

In the K1zi1ll: Formation the palaeocurrent analysisvshows somewhat
anomolous directions, especially in the Kiz1lli Section of the Azdavay
area. In this locality current transport is towards the NW, which
suggests that during Westphalian D times a more southerly source area
may have become more important, a conclusion that is also confirmed by
the appearance of limestone rock fragments in the sandstones.
However, it is noteworthy that in the Ilyas Gegidi Dere section of
the Kurucagile area southeasterly current directions prevail, suggesting
that this area remained within the general basinal framework established
for the Amasra and Zonguldak sequences. In interpreting the evidence
from the Azdavay area it is necessary to bear in mind the severe tectonic
effects that have subsequently been superimposed on Carboniferous

rocks, with as yef unknown consequences of rotation, deformation etc..
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oo w....-CHAPTER s  COMCLUSTONS .
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7.4.  TNTRODUCTION'

L.

" The combined etratigraphical and aedimentolopical analysis deeoribed

and palaeogeographical evolution recorded in’ the Upper Carboniferoue ‘rocks
of northwestern Turkey. “The results of the etudy ‘are summarised in this
chapfer ln>the following manner: “ |
A) 'St55€1g£a§H3651 results
B) f"“Sedirnqt":ifﬂ:\c;loé;.:l’ceilﬁ":."e“sul*l;s“‘”m'ﬁk
€) Palacoenvirormental reconstruction on'the basis of the vertieal
" ‘and lateral distribution of the different facies a?ébéfaiieﬁé”“#“
b)thSynthesis of ‘compositional-data- relating to pattems of sediment
provenance, to determine the principal controla on sedimentation,
E) ’:The overall depositional history ‘and regional eignifioance of the

r;paleeoenvircnmental and palaeogeographic results.ﬁ

- ,x,f,ai.'s‘ﬂw. - G e <

7.2. , STRATIGRAPHICAL RESULTs;x T

... As a result of this study,four different,Formatione_haverbeenvdefined-
and described for the,entlre‘basin,,«TheseAareubriefly described below

in ascending order of relative age.

A) Alacaapz1 Formation_ipnpermoet Visean - Namurian C)

This comprises four members. The. lowermost of these is ‘the Kokaksu rw
Member and prcvides a traneition from Visean to Namurian, conmencing
~with platform carbonatee and rassing upwards into goniatite-bearing, ﬁ
dominantly clastic eediments. The boundary with the overlying muds tones
and siltetonee of the Gokgol "Nember" is gradational while the. upPer |
boundary of this member is marked by a sharp contraat with the overlying

Tarlaaszl "Member" - The fauna and flora found in the Go%gol “Member" again\‘~
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édggeét én«earlyrnénurian’age;"ThewTarldéézi "Wember" includes good
coarsening upwards écqucnccé”and‘polaéontologicnlmdata’indicate a lower
Namurien age. However thé‘bédalTBoundoiy'6f‘thé’éucceeding’Aama'"Member"
ig marked by the appearance of éroéionéi”chénncl-fili’6éndstonéd, forming
a serles of fining-upwands sequences, The posgible age-range for this
member is from middle Namurian (B) to the lower part of the Uppes =
Namurian (C). | | S

" No evidence for a’widéépfoad break in sedimentation has ﬁé;n observed
at the base of the Alacasgzy Foimation. The top of the Visean sediments
icimaikéd'oy the rapid replacement of marine deposits, by nearshore; - -
deltalc and epicontinental deposits, including coaly beds with early

Namurian plant remains;aqchwas,Diplotmema adiantoides.

B) . Kozlu Formation (Namurian C - Westphalian A): o l‘,r B

LN

The. baaal contact of this formation with the Alacaagzi Formation
is not readily identified here. The mudstones below the Kurt Serif
Conglomerate (formerly considered to fom the upper part of the, AlacaagZi
Formmation in the Zonguldak area) are here. asaigned to the Kilic "Nember"
of, the Kozlu Formation. According to the. floral evidnnce (see Chapter 2)
the lower port of the Kilic "Member" is best assinned to .the Nnmurian c ‘
(Ycadonian), while the upper part of this member is of lower Westphalian A
age. The second member of the Kozlu Formation comprises a aucceasion of
oevenhmajor fining\upwardawcycles with’important coai,oeams.‘,Theso teds
are here assigned to the Dilaver Fuember". The upper boundarycof this\“,
formation is ‘marked by, thick conglomeratic 1ayers capping the Agop Cod
geam. According to the fossil evidence thia member may be approximately

assigned a Westphalian A age. .. .. ... ..
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c) ‘Karédén)ﬁorﬁétion\(Wenfrhanaﬁ B-0)s

" "The lower boundary of this formation is taken at the abrupt M
lifhological“changé’representéd by the ébnglomefatéa.“”The’ﬁreséncéq

of trensitional layers with compdsite‘fibfaé‘b}ovés that deposition

was continuous. The uprer boundary of the Karadon Formation is
transitional. However, it is convenient to lééafehthiéllitﬁéétfatigfaphic
boundary at the "Tavan" cosl seams in the Amasra area. The Karadon:
Forﬁatibn‘comprises a complex assemblare of“hbﬁLmariﬂé'cghglo&eiétee,

- gpandstones, éiifstones, ﬁudétoﬁés;'édéléAdnd'refraéfbry“61a§§;'.Thé"
fossil plents clearly indicate that the Karadon Formation belongs mainly -

to the Westrhalian B and may extend into the Westphalian C stage.

D) Kmlii- Fé'ma'tion (Westphalien D):

Rocks éséignéd“to this formation occur only in areas’éés£ of
Zonguldak, such as Kurucagile and Azdavay. ‘The‘Kiziill‘Féfmétioﬁ'is’)wv
covered unconformably by Permien and Mesozoic rocks. The Formation consists
of alterrating "coarse members", with sandstone end intraformational |
conglomerates, end "fine members", dominated by ‘siltstones and mudstones.
The fossil flora indicates that thé‘KlzlliliFofmafioﬁ may be'assignéd
to the upper part of the Wéstphalian C, but is mostly of Westphalian D

age, as defined by the presence of the plent fossil Neuropteris ovata.

The Némurian successions of‘northwestefn Turkey“show close similarity
with western European successions, apart from the paucity of ﬁérine
bands (whicﬁ only occur in the lower part) and poorly developed cyclicity.
The Turkish successions are also broadly‘simiiar,to*the'Némurian‘(eérly
 Bashkirian) of the Donetz Basin of the U.S.S.R.. ?ﬂowevgr,vtﬁere;is’ﬁogr'
_evidence of the Bashkirian-Moscovian (Namﬁfién‘A/B) bféak*in sedimentation

to be observed in the Turkish examples. The Westphalian A, B;vana‘c
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stages in northern,Turkey displaj;close stratigraphical and sedimentological
similarities,with\coeval successions in northem Furope, such as the
presence of abundant coal seams, sedimentological successicns,and floral
evidence. Ondthe basis of mega and micro-flora the Westphalian B -C

can - be correlated\withAthe‘lowerﬁPennsylvanian rocks. of the U.S.A.,.

(Artiz, unpubliched data 1980), and may include the entire Moscovian .

of the U,S.5.R., together with the upper part of the Bashkirian,
However, the correlation potential of non-marine bivalves is not as‘

good assin,NW<EUrope. The Westphalian D sequence of nortberanurkey

also can be correlated nith the Upper Moscovian substage,of the U.S.S.R..‘

7.3.  SEDIMENTOTOGICAL RESULTS

Eighteen indiridualflitbofacies'havejbeen recoénired and‘interpreted \
according to their composition, colour, grain size, sedimentary structures,
orgenic remains and boundary relations (see Chapter '3), These lithofacies
have been assigned to two broad facies complexes (coastal and . alluvial)- and‘
 these two complexes haye been divided into six Associations, name1y° |
prodelta, delta front, delta plain, meandering stream, braided stream\
and lacustrine. These ‘associations. have been further subdivided into
sub-associations and’ sequences (Bee Chapter 4) The stratigraphic T‘
distribution and environmental significance of these associations is k
discussed in a later section’ (7 4 ), Here I will mention only a few -

more general aspects of the arransement and compositional character -

% a

o

of the sediments. l

(1) The Alacaagzz Formation fumishes unusually complete examples /
of the delta-plain ‘association with interdistributary bay, distributary
channel, natural 1evee, crevasse splay (channel and lobe), delta oo

| abandonment and especially strand-plain deposits all well developed-
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A noteworthy feature of the delta—plein sandstones is that they ‘
contain significantly more calcite oement than alluvial—plain sandstones,
probably because of diagenetic changes that resulted directly from
their proximity to open marine conditions. o (

(ii) The development of the lacuetrine deposits shows considerable i
variations.p The criteria used to distinguish deposits of the lacustrine
association in the sequences include° the generally fine—grained nature
of the sequence with appreciable thickness end moderate 1a+eral
persistence, the absence of marine fauna, the presence of abundant
suspended sediment and of non—marine fauna Although most of the 5
sequenceshereattributed to laoustrine environments display the heteroyenous
or coarsening#unwards arrangement generally accepted as typical for

these deposits, ‘some associations of this type display a fining-upwaxds
aspect. This unusual arrangement is attributed to small ponds in the
alluvial plain environmant (Collinson 8 playa type, ‘1978) o

(iii) As Ven Fouten (1977) has stated "in recent years. the increased
understanding of the behaviour of modern streams has provided a great
deal of data to analyne deposits of some ancient ones" In the ‘

light of previous studies such as those of Padpett and Fhrlich (1976),
Cotter (1971), Leeder (1973), Puigdefabregous (1973) end, Nemi (1976), ~
it is possible to ascribe the fluviel sheet sandstones of the type seen,t“
for example, in the Yozlu and Y121]11 Fornations, either to lateral .
accretion on point-bars within a meander belt (as in the models of Allenifl
1965) or to constant shifting of anastomosing channels in a low-‘v;
‘sinuosity or braided river system (Smith and Putnam, 1980) It is -
difficult to distinguish between these two models of origin on the basis -

of existing Vertical profile models (Allen, 1970 Cant and walker, 1976’
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etc), However carefu) assessment of theﬁinternalparrangsmont’of,the
sande-bodies and;ogit?e“nature andlrpiationships“of the interyenjng,\y
fineegrainedwdepositgnenab}esithe Koziu}sandstcnestcf;tnisltype tovoe)
assignedﬁto‘alpointfbariaocretion nodel whereas the Fileli ssnd-bodies
appear to represent superposed o fills of enastomosing stream-channels.,
Noreover, it is possible to determine some very appropriate palaeo-
hydraulic data from aspects of, these. sandstones, using particularly
theﬂdimensicnswogpthe epsilonwcross-beds.‘UThuswtne(agerage;height%9§Wm};
}he'epsi}onmcrossfstratificationlcorresponds‘roughlymto”oankfullrcnannei
depthﬁ(h);andmthe average horizontal extenttofhausingieqsccrction'ssrface
represents the point-bar width to bankfull channel width (w) used by .
previous workers (Moody-Stuart, j966;’Cotier 197 gnd_ﬁilictt;1976l5A

It is possible. to calculate that the ‘average width of the Kozlu channel
i]lustrated in (Plate 56) was about 18 metres and the minimun bankfull
depth was abont/2.5hnetres. _In"a*sini}artiashion thewtnickness(ande
distribution of the epsilon cross beds indicates that stream depth ﬁr*q
was. greatest in the K1z1111 Formation (3 metres), while in the Klllq
smgmbe?uftheXaverage‘riverﬂdepth naswatwleast:i:s metresthrising;toM

- 2 metres in the Dilaver 'Member". . . 4\ h;ayr
(iv) | The development of coals and seat earths in the different facies

- associations is also of }nterest. For example, in the Alacaa321 Formaticn
nost of the coals occur in interdistribntarxjareas,vand are*reiatedwto
deltakiobewabandonment,,cappingNcrpdelyﬁ{ipipsjupwardﬂ“§999929?9;5339W°Y¢r’
coals are aiso developedwintthe‘lake margin{enyi;onmeptsanprei;heyqiL
fom the topmost units of smallfscaleécoarsoing ppga§d§,§9¢9985%°§8@9f;gi‘
emall delta fills, ., .o e |

‘ Most of the . important thick coal seams and seat earths charecterize

the floodplain associations of the Kozlu Formation and are associated
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with laterally\variableicomplexJsandstone bodies. Between the thick anal
seams there are thick nuostones with ahundant horizons of stipgmarian
rootlets and‘if;h;t;né’kééﬁiBa. This type of thick coal and seat-earth

1s interpreted as a swemp deposit, In'meny respects the Kozlu coal-
séqueﬁcés‘ciasély“résémsle‘thé“Wéé£p551iAn“C“ﬁéﬁha;t Measures of South
Wales (Owen et al., 1968}‘Ke11ing;m1968;5f97i)if B

“ “'However, in the ﬁéraadnﬁréfm5£iéh‘%hé’dé&éiaﬁméni”OEfié’éi%&’éééiiiM‘
in’ the sanéylhraided’floodfplain implies that the environment must
have had a high water table and may have been semi-permanently sutmerged

a8 an overbank back-swamp (Collineon, 1978). The sedimentary model

T

for Karadon coals resembles that for fﬁé:téééoﬁi6511y’édntr611éé‘i££e
Carboniferous basins of Cantabria, Spain (Heward, 1978), except that the
Karadon Formation is dominated by stream-flow rather than debris-flow

types of alluvial fan association and includes in situ coals rather than

the allochthonous seams typical of the Cantabrian sequences.'

In the K121111 ‘Formation this impersistent coal occurs in the h ’

e +

interfluve regions of an anastomosed stream network, now represented by

a succession consisting of several units of large-scale, sigmoidslly
cross bedded sandstones that may represent side-filling of channels or
lateral accretion, interbedded with thick siltstones and mudetones. “

(v) Although subtle Veriations in clast content may be attributed‘to
provenance factors (see section 7 5), the petrographic character, and :

particularly the mineralogical and textural maturity of the sandstones in/,

tE.
these Upper Carboniferous successions appears to be closely controlled by

environmental factors (see Chapter 5) e diagenetic history of the

. e # F
sandstones’ (including the nature and abundance of the cementing materials

-also appears to vary according to the nature of the original site of

1,:‘,‘;7,)* o
! i PR L.

deposition.
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T.4. PALAROENVIRCNMENTAL RECONSTRUCTIOM

T.4.1. ALACAAGZI FORMATION

In the study area the Alacaagzi Formation marks a change from deposition
of platform carbonst;s”to a clastic shelf . succession and a cradual upward
increase in fluvial lofluence.e The dominance of fluvial sandstones in
the uprer delta-plain sugoests that these deltas were fluvial-dominated.
The sheet-like geometry and wave ripples of the delta—front sandstones,e
however, indicate that there was significant reworking of channel mouth
sands by wave action.< In tn? Alacaagz, Fonnation, flow vectcre derived
both from the flutes end tbe ripples show the same direction, trensport being

tomards the south east in both the Zonguldek and Amasra sreas. The
gradual southwards progradation of a riVer-dominated delta—syetem, is
attested by crudely alternating coarsening and fining upwards sequences,
reflecting periods of delta construction and shoreline progradetion.
However, in the Amasra area other factors were also effective such as
northeasterly long-shore currents and northwesterly wave directions.
A summary of these relationships is depicted on the palaeogeographic
map of’northwestern Turkey (Fig.36) Probably tbe strand line also
migrated towards the south east with time, accompanying the’ delta
progredation. Generally speaking, the progradational episodes are
- indicated by the proximal delta—front sub-association, which generally
succeeds the distributary complex sub-association.i Delte progradation
took plece into a shallow messive basin, Varine processes were limited -

V

and sedimentation was mostly controlled by processes at the river mouth.

e, o

Presumably subsidence ‘rates were reistivnly high during accumulation of

W

the Alacaagzi Formation, resulting}in formation of thick‘sequences of

delta-plain depositS(Fig.37).
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7 4.2, KO7LU FORMATION - ; | N
Durinéﬂformstion of the bssal Kllzq "Member" of the Kozlu Formation,
scttve rivers constsntly rej uvenating snd cutting into contemporary
lacustrine deposits, spread ’luvial sequences lsterally and vertically
across much of the Zonguldak and Amssra area. Constant channel
switching and abandonment, the lateral migration of channels aorosslthe ‘
‘flood-plains, oupled with a gradual isostatic adjustment of tre floor |
in response to ths weight of the acoumulating sediment all probably
promoted the repetitive sequences of fluvial deposits. In the Kozlu
Formation the overall'direction of fluvial transport appears to have
teen. towards the SE but.a high degree of‘paleeocurrent variance was “ -
\:épserved, especially‘in‘the~Zongu1dak‘areat(fig.‘34);‘ZMoreover, the
snomolous~serie3<of:northwester1y current directions in the southem’ "
part of the Zonguldek- basin, especiallyain‘the“’Klllq'"Menber"\are derired(
mainly from ripple-laminated sandstones within the-lacustrine facies |
associations, and”presumsblp reflect the directions of nind;snd wave-
‘~generated‘sediment‘transport within the Kili¢ lakes and lagoons.
Nevertheless, even excluding these‘dacustrine“deposdts, there remsins‘s?‘ﬂ
high varience for’the‘fluvial”seQuences, which is discussed {n Chapter 6.
Also in.the Kozlu Formation rapid basin subsidence maintadned slopes .
in the meandering thalweg range as spgradation took’ place. ‘Many of
the meandering sandstone units exhibit vertically alternating sandy
~ braided stream deposits and lateral bar deposits, indicating‘that’slopes
‘intthe’Zonguldak area were very near to thresnoid-value.‘ A-slight °
increase ‘in gradient due to aggradation, therefore, induced a shift from~
| a meandering thalweg patterm to a braided:patterni 'Conrsrsely,“anlinorease7
in subsidence. rate caused a change in" the opposite sense,fas reoordedib&?f

Casey (1980). Most of the small lakes appear to have formed onatop"offthe -
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same fining upwards cycles within the flood basin asscciation.
The swamp deposits are related to this sort of envirorments.

In summary, many of the Kozlu Formation sediments are alluvial, :
incorporating the products of meandering or low-sinuosity and occasional
braided rivers, either as point bars or as cverbank fines. Over large aness
of these flood-plains, swamrs developed following subsidence, snd peat

~dcpcsits were formed, while with additional local subsidence. small lakes

were formed

7.4.3. - KARADON FORMATION

" During Karadon Formation times the north Tﬁrkish area wasrtrasersed‘
by coarse braided streams (with Alluvial fan-like conglomerates) and
low-sinuosity rivers. . Systematicdlateral migration ofithe braidcd;strsmn
channels and thefupner.raaches of the low-sinuosity channels aver broad,'rv
low-gradient fans (humid fans) resulted in‘theldeposition of laterally
persistent sheet like sandstones..*As Miall (1977) has pointed out,
the distinction between alluvial fan and braided streem deposits is .
somewhat arbitrary since‘sedimentfdispefsal on alluvial fsns, particularly
on the distal parts, generally takes place by means of ephemeral biaidcd

streams,

In the Karadon Fbrmation~asymmetrically filled scoufs,;formed asfsedimént'
moved downstream or laterally into small;“abandonedvbraid*channsls,oro~ o
cross-bar channels. »Large-sculexsignoidsl ‘ cross-bedding may represent.
lateral accretion on bank-attached bars. iThezléns-shaped geometry of ' the :* '
pebbly sendstone units may indicate that the rivers4shifted'position”by'
major avulsions rather:than: steady lateral migration, - Friend etaley:”

(1979); have suggested that this may ‘be ‘typical of streans withwextremelyk

“flsshy"discharge.tiThe bi-modal”grain-sizs‘of:sandy°conglomeratcs could

PSR N

L
+ ¥



186

| result from matrix infiltration after the pebbdles were deposited or from the
simultaneous deposition of sand and pebblea.‘yThe“very coarse sandctone |
lenses interbedded with these conglemerates were derosited elther in small
interbarqchannelsuduring‘periods of 16wer;discha:g9“orwasjsmallfwedgga
marginal to longitudinalmbaraﬂsimila:ito&theﬁéahd:ﬁedgesideacripedﬁby Rupt

s

TIn therKaraQon Eormatiqn, palaeocux;gnt“analysis?doeé\qot prq?ide a véry
relioble means of distinguishing between dgposits)pfﬁmeander}nggégdﬂ .
non7meanderingwtypga;9f:riVer. %Vacﬁornmeans¢indicata”cu:rgnt,direétions
towardsvthe,wgst-squthwgst,,suggesting*flu{ial transp&;tf{#cmwa northem
or north-easterlyxsqurce.a,However,£theré;a?e éomg,palgeoqurreﬁt1directiéns
towards_the north west and south east:l(Fi‘g.x.‘Ss )\,7 and this:vagiabil‘itym
presumably is a consequénce of‘the?highlyfmeandering‘fartfofjthqfkarann,‘
'st:gamwsystem,,nhich)neve;thelesg appeqrs,to_havgﬁsh;ftedysignificantly”
in orientation by comparison with the underlyiﬁg Kozlu Formation.[
Additional eviaence for a slight change in the palaeocurrent orientation

in the Karadon Formation suggests. that. tectonic uplift .began in WEStphalian B

times at.least.in the Zonguldek area, . . . .. . .

. B 4 .o - FYE ., I L ‘ - N
. P . s U R L P d - R “ Sl e PN . EUTIEE
> {“r" " o SR . S L. S e s p . . . . .

7.4.4.. KIZILIT FORMATION. .. .. . . . .

.. Rocks assigned to the K121111 Formation typically occur only to the

eaet of the Zonguldak area, For example, in the Kurucagile end Azdavay
area, However, the original extent of the K121111 Formation is unknown,
therefore environmental reconstruction‘can only be limited. The Yllell
Fomation displays two major facies associations: "coarse member".
association and a "fine member" association. The}loﬁer part of the Kzg;ilx~
Formation is«charaéterised by aeposits forﬁed in moré meandefing types of -
sequences.with epsilon cross bedding. Such aequences Bho“ °1°8° fv |

similarity with the preseht’day anastomoeedrfluvial sequences.» Possibly .
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the system consists of rapidly aggrading channels and adjacent wetlands,

caused by a rising local base—level downriver or by basin subsidnnce.

¥ i . M

In the Klzllll Formation the palaeocurrent analysis shows somewhat

anonalous directions, especially in the K121111 section of the Azdavay

-~ i ri .
¥

area where fluvial transport is towards the northwest. This suggests that

Lk

during Westphalian D times a nore southerly source area may have become

P Ay o g

more important, a conclusion that is reinforced by the appearance of

Kl 2
X

limestone rock fragments in the sandstones. However, it is noteworthy

R e’ J

that in the Yurucasile area, south easterly fluvial current direotions
prevail, sugaesting that this area still lay within the general basinal

framework and southerly flowing drainage system established for the

,8 - B

Amasra and Zonguldak sequences. In interpreting the evidence from the
Azdavay.area it is necessery to bear in mind the severe tectonic effects
that have subsequently been superimposed on the Carboniferous rocks with

as yet unknown consequences of horizontal translation rotation and -

I

e

deformation etc.

-

Finally, the distribution of the Kizilli fluvial pattern suggests a
unique fluvial style, probably controlled by rapid subsidence probably
along the margin of an uplifted foreland, coupled with high sediment loads-j -
from nearby mountain building. These conditions suggest that K12i111

| deposition took placa in en intermontane basin.
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7.5. PROVENANCE AND CONTROLS OF SKDTNFNTATION

The cbmpdsitiaﬁvof the AlédaaéziJFoimafioﬁ sendstones is maihl&‘
controlled S& thélfaégdimentaiyyéﬁ?irﬁnméﬁté”(see Chapter 5) and
diagenetic history. However, a detailed study of the clast types
(sé; bp;161)\perhifgﬁéoaz"ééﬁéiglxésseééhéht”6f the nature of the’ source
area. Théwsedihéﬁté';fmfﬁezAIécéééil‘Fofﬁitibﬁ were derived from a
Eoﬁfcé“aréaﬂcémposéd}dfxio;{;gfé 4'médium-gfédemhétamérﬁhié‘;ockg,
incorporatingsone igneous i‘btéks and fﬁte}‘vw}isle E:Bi;piéic"wérsm'pe;'isdically
ch)z‘i’raci:éfiséd/ byvolca;'tic éctiﬁlti; : Afew saéa\irﬁ‘eﬁ‘{:ar}" élagfs also
‘suggest the presence of a'discontinuous sedimentary cover. ‘ Throughout
the entire area in which the Alacaagzi Formation is exposed, the relatiVe”‘
proﬁor¥idﬁ§wdf'¥ﬁe ﬁgh-éhé;fé”;igét;tyﬁéb‘éfé{eééen%iéliyfgbhétéht;‘&1
sugresting that the sands were derived from a similar source ares, indicated
by the fluvial’ palaeocurrents to have lain to the north.’

‘The wide variety of clasts ‘present in the Kozlu sands (see PP .164)
indicates that these sediments were derivéd\fiém‘é#séhrbe‘hrea'ﬁhiéh\,v
included ex‘po/sﬁ’re's“of medium-rank metamorphic rocks ,“Lgryahitﬁékmajté‘ri‘éli:“
acldic voleanic rocks and unmetamorphosed sedimentary sequences, An
' interégtingipoiht<1é that é;naéiégééﬂffbhmihé\IAQGfMﬁaif of the Dilaver
mrember" of the Kozlu Formation contain abundant myolinitic fregments.

P L B T R P e
This may indicate that some part of the source area contained a shear belt,
‘ R e DA

pr&béﬁl&va“tﬁrué¥h26nei(PéréﬁEoﬁﬁli’PAfk, 1585);ﬁ“‘”’
' The Karadon Formation sandstones are iéfng;éﬁhicéllyw§BiydEimiiéf)to

those of the Kozlu Formation, while the Karadon conglomerates yleld

pebbles mainly of quartzite, chert, volcanic ;o;ké;’féidébai}“ahéh

subordinate amounts of sedimentary rocka such as sandstone and siltstone.

Sandstone is the ﬁbbérﬂbaff of the Karadon Forration éontaids‘uhﬁéuélly
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kigh proportions of secondary clay (see Chapter 5).: From this evidence
it appears that the Karadon sediments were derived mainly from sedimentary
sequences with subordinate outcrops of low to medium-rank metamorphio,
and acid volcanic rocka.;,i _ ) |

The variety of rock fragments in the K121111 Formation (aee pp.166),

indicate‘predominant‘deriyat}on from a metamorphic source area. . .
However,_the abundancevofplimestonenclaata”towarda thehtop of;tnel’
formation,probablyhresultsjfromzreworking ofvolderlcarponate‘piatforn
eediments,ftogather,with,aiamall_emount‘of volcanic acttvtty,uinwthel
npliﬁted,borders\of:theilate_Carbontferous_tntermontane areaeVof““"

P P A S ) 3
T ¥ RN T e T, gy E sE ey R T
. ? . . : Fal R e

qepqsition. .

.. In the Namurian and Westphalian A sequences whilewtheﬁcompoaitional
maturttydof!the eangatonea‘varieawaccord;pgﬁto the environmental association,
the relative proporttonaof,quartzrgrain‘typeerand$o£‘tne“non:quartar; |
clasts remain essentially constant, suggesting that a11 the aands ‘were
derived from a similar _source area, only the abundance of myoliniteh”%y
fragments in the Westphalian A sandstones rarking any change.» However,
during the Westrhalien B end C 929899,°h3n899a{n.¢b9 E:QQQ{Qha?gQF?E of ,

the sediments .(appearance of conglomerates) in the suite qfvrockgqragmentsl’
andthe slightly different;palaeocurrent data (towarda;SE)lwallﬁindicateﬂ
teetonicinplt{t,of‘the(eonrce:area, acoompanied,bydslightvchangesﬁtngits |
nature (more sedimentary rocks exposed). This general pattemn remained the -
same until the end of the Westphalien c stage for—the entire tasin,gwtgi :
Fowever, during. early, Weetphalian D times _the somewhat anomolous co i
pelaeocurrent directions of the Azdavay area (flow towards the NW) suggest
that a aoutherly source area may have become more important, a conclusion P; )
confirmed by the appearance of limestone rock fragments in the sandstones.

HoweVer, it appaers that _the Kurucaeile area remained within the general
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basinal fremework ‘and southwards=flowing drainage cystem previously

established for the imasra and Zonguldok sequences,

& . oy

R

7.6. ... PATAFOGFOGRATHICAT, EVOLUTTON AND RFGIONAL SIGNIFICANCE

T.6.1.  PALAFOGFOGRAPHICAL EVOLUTION, .,

AN 2

During the'Yisean,times thquarbog;fe:qﬁsAaea‘appgars‘to?haye .

~ transgressed tpwardp the northﬁénd occup}ed the nofthern part of Turkey
(Br;nkmagph, 1971),2pro§pcinghplatfprmﬁca;ponatgg, Eventually the
‘gntireﬂregionZformgdtpa:ﬁqu an extensive ghallow epicontinental sea, . .
A few areas may havexremained,eﬁergenteandqp:ovidedllocalasburceaﬁfo:ﬂ‘¢,$
srall amounts of clastic sediment that are represented in pcpasionalé
Aclaspic“inte;cala}ionswinthq)Yiseén limestone succession. During the
late Visean and‘egflyvuamuxfan!the:e”wasiincrggqeq»fgcton}c gctivitywhfwy,ﬂ,jf
throughout the Black Sea land mass,(Brinkmann's Pontien Macsif, 1972) ..
leading to.renewed clastic input&andxformatioﬁ»ofﬂg”repressige:sequence.
The Black Sea land mass was up}ifted,:gnd‘cqgrge eed;ment~yasfghed/;mmﬁgiﬂ;}‘g
ﬁsouthwgrdqvinto,the shallow sea, rapidly fq;ming a series of coarsening -
upwards deltaic sequences. Rapid subsidence coupled with recurrent,
shitting%deltaV;Obpsiprodugedéa vertipalrsﬁacking o£z§e{ta comp}exga and
caused lateral facies changes. The western ae;tion (Zonguldak) was

formed by the gradual southwards progradation of a river-dominated delta
wrile the Amasra succession (to the coast) was formed by progradation of‘f
a wave dominpted’delta,yyith#associatedtshp:elino epvircnment§$diqplaying
more evidence of }ongshorevtrangport, hqy¢veg\themcomppgitionglxuniformiﬁy}1
of‘ﬁhe\nands‘cohtainedﬁinboth deltaic sequences iﬁdicatep;fhgthfhex qepe:‘
suppliedfby the;eamghfluvialainput gnd thus'pr9bab1yV£p;m partgépf,gng&;;%
major delta system, which was thus at, least 100 km wide.. Towards the end éf i
Nemurian tires (Namurian C or Yeadonian) the nature of the. Asm "Member" o

of the Alacaagzi Formation indicates that fluvial cycles became '911 o
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established in.the.delta plain envirorment. Marine procesces were . .
limited and sedimentation was mainly conirolled by reworking in.the
viciniﬁy(of the. river mouth.;,Progradetion was termlnatedeby,delta~
abandonment, in some.cases producing  thin beds of fossiliferous.siltstones,
mudstones and rootlet beds with or without coals. ,Possible correlation
of . the members of the’Alacaaézi Formation accordingztoitheir facies .
associations is provided in Fig ( .7 ). o
Abandonment was followed by a new fluvial input, which brought pebbly
material and coarse sands southwards into the area, . Faunal evidence suggests
that,byﬁbheeenddof the Alacaagzi deposition the deltas maywhave‘diechargodh
into a brackish, rather than a fﬁllyimarine:basin, ~Later still in the. -
Nerurian, -the Kllio "Member" of the Kozlu Formation records esteblishment
of a delta plain environment displaying well developed lacustrine environments.
Westphalian A times were marked by widespread eccumulation of coals, well
represented .in. the Dilaver "Vember" of the Kozlu Formatlon,,and\formed
on the floodplains of:rapidly\migreting hlgh-sinuositypstreams.tﬂThe meandering ;
streams responsible for depositing these fining,upwarde Kozlu,seqdences
- (which are correlated throughout the Zonguldak area Fig.‘38 ) flowed
southwards across areas that previously formed parts of a delta—plain
and rapid basin ~subsidence probably controlled the general topographic )
slopes in the area. . . R SRETN ﬂfxif;@» ’
During Westphalian B and C times (Karadon Forration) the appearance '
of sandy low-sinuosity and%breided rivers was(followedﬂby_coaree pebbly -
braided streams and finally again by low-sinuosity streems. Syetematic
lateral migration of .the braided stream channels over broad, low-gradient
fans (humid fans) resulted in the deposition, of laterally persistent eheet
,sandstones,‘:The‘distribution‘pf&Keradonffacieelaeeoclatione,\forldiﬂferene,

rarts of the study area is indicated inM(EiBeégf)-f The generation and
\ ) l" . =5 ’ o
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presexrvation of thicktsequences‘of conglomerates and coarse sendptone in
the Karadon Formation: requires: substantial hinterland relief, attributed

to activity on basin-border faults,- This process of episodic uplift caused
a slight-chenge in the braided .streem pattern which induced streams to-
flow in a southwesterly direction, This episode of tectonic activity
culminated in the late Westphalian B with the deposition of peveral

extremely coarse and laterally persistent conglomerates. Sandy low—

Wy

sinuosity and braided stream complexes, with conspicuous fine-grained

sequences and thin coal beds were developed in the Westphalian C time
interval, sugvesting a tenporary pause in the tectonic activity. A similar ‘
‘situation has been recorded in the coal-bearing Upper Cretaceous strata

of Central Alberta, Canada, by, Jerzykiewicz and Mc Lean (1978)

w; g 5 ‘;'

During early Westphalian D times (K1z1111 Formation), the northwestern

El

Turkish basin was characterised by a complex of meandering streams with

S e e

wide floodplains on which vegetation flourished These meander-belt

PR

deposits pass upstream into sedimnnts formed in low-sinuosity river ,

channels, and ultimately are succeeded by possible anastomosed stream

.. somde e B

sequences. The peneral features pf the ViZilli Formation sequences

resemble those of Schafer's (1081) freshwater molasse basin in the

cre 7

Permocarboniferous of Saar—Nahe. Schafer has suggested that the prime
sedimentary control involved increasing aridity of the climate. As a

result, eedimentation in the Saar—Nahe region became more alluvial in-.

&

character, combined with tectonic activity and intrusives. Similarly,

Bow » o PR ooy IS

the maturity and well rounded nature of the grains in the red sandstones

- R

of the KlZilll Formation suggests a high degree of reworking in the

-k

’intermontane alluvial plain environments (possibly with associated wind

i w s -

ection), which may also indicate a climatic change from a semi-arid to an -

=w&

arid environment. Possible evidence for an earlier climatic chanBG mey o



193

be provided"byﬁtne occurrence within fhe upper part of the ¥aradon
Formation of thick units of refractory olay ("Schieferton"), attributed
to prolonged/leaching of paleeoeole,(mgyhaloo reflect a climatic chengd.
This suggests aﬂchenge_from‘e hot, hurid climate to a semi-arid. climate

durﬁngiWeetphalian C times,

7.6.2. 'REGIONAL SIGNTFICANCE'

" Some tenative palaeogeographic maps heVe'been:presénfed in“ihetprebioue
sections for”e“snallraree of northern Turkeya(Flg;36 ).; Beoaﬁse of the
lack of detailed and accdfaié“géelbgieal’”infofﬁaiién‘f?&mIefﬁéilpéris of
Turkey, 1t is not possible here to provide a broaahnoiaeoen;ironmental—
picture ‘which would display the precise poeition of northwestern Turkish
Upper Carboniferous successiona within a regional setting. However, ”
since Turkey is related to the Alpine-Fimalayan mobile belt, fﬁere héée _
been several at erpts to explain the yeological features of this country
in  tems of plate tectonics (Ketin , 1966 Brinkmann, 1971, Sengor et al.,\'
19803 Sengdr ‘and Yilmaz 1981, among others) A theee attempts have
involved considerations of gross etratigraphio and etructuralydnta but none
of these analyses hiave been based on detailed sedimentological studies.
Moreover, most of thééeﬁetudieg'heﬁe beénvconoernedlﬁifh thé‘AiiineJ o
orogenic belt and the Tethys Ocean, and’ there hae been little treatment
of Variscan - (Heroynian) teotogenesie. e T
" Brinkmann (1672, 1976) has outlined the effects of the Hercynian °
tectogeneéie that 6éeu£&éd“§u£iﬁg"thJCQrbohffeédua'Ena Pérhién'iﬁ the
Black Sea area, Brinkmann's map (eee Fig.3 )y irdicates that durdng the
late Palaeozoic the area north of the North Anatolian fault was | e

characterised by continental deposition, while equivalent“sediﬁentﬂ south

of this line are of marine eugeosynclinal facies, passing southwards into.
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étenélf seqﬁence.w
‘ ﬁéﬁirtag1[ (ﬁ981)?55915ﬁnnarinen‘%he/PdleeezdicUEtrafigraphy‘and Variscan
é§85£§ ih fnéifaufue‘ﬁelf’ef‘gnninernkTﬁ;Eey: fﬁ;sxef the Upper
Carbenifereus‘eneeeeeien i; nieEinéj;na”id;er:ﬁpnefM§5inien”fesfé i
diecenfernably on Visean shelf carbonates end clastics in the eastern
part*af“fhéiéaarué.'\ﬁowé9£},‘gﬁélf'éeqhéaeeé”sf‘ﬁaééoﬁi2&‘aha"k§;1mov1an
age wilh a rich marine microfauna, are known in the Gentral Tauris, In
western Turkey, similar rocks of Bashkirian to Moscovian agé may te
correlated with the Karlik Formation of the Fasimlar ’éiea‘"(nuiﬁent “and
xé?éyf”¥975), which iefa’}egfessi;e?eeq&ende:ef’ied“éandétenee end
conglomerates. It is clear from Demirtagli's study that in the
Céiﬁdnifefeﬁs‘fhe‘eeﬁ}hern‘ﬁéft of Turkey belonged to édrééion'%haf¢was
etratigraphically and palaeontologically distinct from northern Turkey .
and is plausibly linked with the Gondwana succeasions. o ) ’
Sengor et al., (1980) have’ sugaested “that the evidence from’ the eaetern
Pontides indicates ‘the existence ‘of 'a Permian-Jurassic ocean, bordered by
a south dipping subduction zone. Regignal considerations ‘sugzest that
f#é‘gu€££é”farmé”part”5f enyefegenic belt resulting from the' cloeure of the
Permo-TriassicAFéiéeo-Tethys and the oceanic aﬂsemblage in viewed as part
ofwa’bfenioﬁsiyffoined*éimnerian‘centinentf” Presunablyﬁtﬂfé“Cimmefian
continent (§engdr 1979) was equivalent to the "Bontian Yaseif® of
ﬁrinknenng(f97é)*éndtnne“Blaek“éeéflena’naeéﬁ(ae‘ﬁ§eé“in‘;hfs:stha&):
B ﬁeeénly‘Sengbr and Yilmaz. (1981) have suggested that during the
Pernienntﬁe eAtiié ﬁréééni area of éufkéy:ééhetit&Qéd é‘ﬁa;fwef1%£35;iw
nertne;n%naiéinfof ééﬁaﬁéﬁéiaﬁéf K\HeweQef{ﬁfheffieréi:and faunal éGiéeﬁéé’f~
| p;eeenfed;infiﬁieﬁsfﬁay;%iogeinefﬁwitﬁ the é&fﬁ%ig;;pﬁié;iwand”:"'
eeéln;nteiegie;i:findinén; have béﬁoﬁétéaébd‘iﬁai”éﬁ ienéifinkﬁipef“

Carboniferous times northern Turkey was not part “of Gondwanaland’ and

L
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in'more’ f]aunibiy-regarded’as‘paft of the Laurasian Carboniferous
a;sgmblagef(e,g.;Smith et al., 1681), Similarly, Bergougnond and _ . .
Fourguin (1980)%hgve,§uggestgd‘thatvthe_Nopﬁh knatolian belt (Pontids)
Abelongedftpmjhe Eurasiatic”continentpfacing,}hq ?eghxan‘Ocean during
the mesozode. . . . . . o
_%Inﬁrncgntﬁygara,nuch work haSLPBQU doqe“r§garﬂipg$Varisbaﬁvplatevi$~
tectonics and:i}*hgs:begopeTclgar%thgt“thg‘gedimen#ary:and‘strpctqral
features,of‘this“orogenha:é not(rgadilyaaccountcdch:mby\cpnventioﬁal :
p}ateftegtonicﬁmodels{invo}ving :ectiliqearMcoptinentaiﬁcoll&siona; E |

For example,. I,e_afpr\t»tan*d Ven Voo .(“1‘981,) hav’ei gugges‘ted;uka‘kinematic
"modeljforpthegoblique‘collisiop\anducombletefsuturipg betweén e ;ui”
Gondwanaland and Laurasia inﬁthe‘Carbon}ferdts} based on the general .
cliﬂs}:ribu'cigm‘‘of;;r4najox,j,hstrikke-sl‘ipA,f‘aultzsiin‘Wes/t(ern»\F.uvrope,Hnort'.,htragm:,E
Mrica, and eastern North America. Scotese.et gl.,g(1979)&gndéRau‘andM
Tongiprgi'KJESJ) also have suggested continental collision, between.. . ?;;”
_A{rica*and;Ng;th'Europe/gsétbezprime pause;q(ﬁVggiggantpgogeny.mw?héy%qu
QQUSi¢Fr:QOPthFMrQPe to be parﬁ:of,Gopgwaqglandfandeprqfe:Y§§‘exclude('
the hypothesis of, an infragPalaeozoiq”qceanicwprotorTethygiiq‘ﬁouthweétern :
_Eq:épc,wiqﬁac@q;dancqui}h FIUgelﬂg;(1975)(suggpctipn“for~Turkey.andeith
the lower Palaeozoic maps of Scotese et al., (1979). . Yoreover, the. .
‘P:oﬁnggditgrraneaa Qr/Proto-?eﬁhysagnd*Midgﬁu;op;an{pcegnwcoeexist in

the models of, some authors, puch as Dewey and Burke (1973) and Flugel |
:Finally,xasbindicatediabpyéiﬁhe,depositipn,pf:theilg}q‘Cagbgniferpug .
'succeesﬁonsLvijbin‘jhe4northyest Turkish, basin probably was. fault controlled. :
Whilg,thglfault-mptiops;responsiblgvfoxqthe supply of sediment were.. .
escentially vertical, this does not exclude the possibility that,the

major controlling‘fractureé were of strike-slip §haréctér, for example‘as‘itf

“in some modern basins of this tyie such as the ©San Andreas féult{zoneoﬁ,f
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end meny others (see Reading 1980)., . .

The: final question is what happened to the Black Sea land mass which
supplied the great volumes of detritus to the late Carboniferous .
of -Northwestern Turkey? Thére aﬁpear»to be' two main poseibilities, 'The
landmass4ﬁay have ‘been subducted southwérda'beneath*the‘Turkish”Plate* *
during the Vesozoic or it may have been removed laterally (to-:the eaat?)
by major, strike-slip faulting, leaving' this part of the northweatern
Turkish Upper Carboniferousyas a remnant of the former Cimmerian
microcontinent. Although there is no incontrovertible evidence for a
strike-slip fault system in the studied area, the proxinity of this basin
to the North Anatolian Transform Fault, which appears to have éome into
existence in the Mesozoic (Dewey et;él., 1973), supports the second of
| these hypothesis., Moreover, the upliff and deformation which followed
Late Carboniferous sedimentation, would render the identification of any |
lateral displacerent of the basin margins. Heward and Reading (1980) have
used the present separation of alluvial fan and associated sequencea frcm |
their source areas as evidence for lateral displacomnnt of early
Stephanian basin-fill successions in Cantabria4 northem Spain.a
Since the sedirentological evaluation of the northweatern Turkish basin
shows close similarity with the northwestern European Upper Carboniferous>
successions, it may indicate a similar geotgctoﬁic history, inﬁolvihg
significant strike-slip faulting, |

" In summary, the stratigraphical, sedimentological and faunal data

prosented dn this study indicate that the various small, structurally
separated outcrops of Upper‘Carboniferous rocks in northwestern Turkey,were:

originally deposited within a single, large basin of deposition, formed

on the southem margin’of the Laurésian plater(perhaps as part of thg
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Cimmerian’microcbntinenf)‘r.” The ]dte Carboniferous sediments record the
gradual fragmentatioh of'this besin by uplift and faulting, probably
reflecting the initial ntages of a late Hercynian rhage of large=-

scale wrench-faulting caused ‘by the post—Carboniferous oblique collision
of the Purasian ard Gondwantm plates (I.efort _VanVoo [981). Subsequent
Alpine deforrmation has'further‘disrupted and%displaced the Carboniferous
gequences, as ia)n‘:anifee,ta in the eaAstemTI’mrht of the study area

(Azdavay; see Plate 93). ‘
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/"’- Clay,rich in plant frogmmls cal accretion qEPOSIlS. Dlo
AOrgomc rich mudstone with snderlte nodules and coal layers. Flood basin deposits
< Sigmoidal cross bedded sandstone:110m thick coal layer on top. Point bar deposils. D2
Parallel laminated sandstone with coal layers on tbp. . Possible vertical accrelion deposits. D4 |-
Iron coated, altered sandstone,organic rich. / |
Pebbly sandslone with conglomeratic layers. Low sinuosity stream channel fil. JE1b <
Mudstone passing up to s:llstone with clay chips and coal bond Possible overbank deposits Ela
Coarse grained,pebbly sondstone,heovly altered & vegetated. . o | | - =
Conglomeratic sandstone with small coal tragments. Sandy low Sinuosity stream channets. | E1b
_ Sandstone with erosive base & large coal clasts. o
_ Siltstone wnth siderite nodules,current ripples &coal band on top Possible dnslnbut ary channel on the
Mncro-cross laminated siltstone with obundont plant frugments lake -delta top. F2b
Seat-earthand coal with roof shale flora. Possible lake margin. ®)
Paratlel taminated s:llstone with iron nodules .
Seat-earth and coal. Flood plain or swamp de_posits.
hPorollel laminated sandstone passing up to seot earth &cool with flora ™
Erosive based sandstone with well preserved wood p:eces Possible multistorey meandering D1
" Sandstone. with oriented coal pieces and clay chlps channel till sequences.
Pebbly -sandstone with wood fragments.
\Th:ck bedded pebbly sandstone with coal Ienses D2
Epsilon cross bedded pebbly sandstone with coal clasts. Point bar deposits.
Sandstreaked micro cross laminated siltstone with burrows & root marks, ; ; : )
‘| coal and siderite layer  on top. . Possible lake margin deposits. F2b -
Feldspathic sandstone with large coal clasts. .
Heavlly altered sandstone. Possible low sinuosiiy stream chamnet | E1b 3
: fill deposits. :
Erosive based pebbly sandstone with coal and clay chips. ' -
Plant fragment - rich siltstone alternating withmudstone,coal bunds ontop] Flood plain deposits
; , . N
Sheet-like sandstone with trough: on top coal layers. ) . )
Micro-cross laminated,plant rich siltstone capped by coal. Possible ox-bow lake deposits. Ela
Mostly covered with vegetation. ) \
Parallel lamindted sandstone with silty layers. Overbank deposits.
Pebbly sandstone with erosive base. Sandy low?sinuosity channel fill.
S»ltstone pcssmg up to mudstone with rootlets and coal. - o v
Thick-bedded iron-coated.miaceous sandstonewuth commlnuted e T ‘
plant fragments on the beddmg surface. - Sandy low sinuosity channel fill. Eib
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Elg| -

Coal
Siltstone inferclated wuth sand layers cnd

( contcnnmg mica 3 comminuted plants

Sigmeidd cross bedded s:znds.one with mica &
wood pteces.

Undulctcry bedded scndstone mth cec!
fregments.

Polygenic ccng!cr"erc(e clterncting with pebbiy
sandstone ond wocd peces.

Pabbly sandstene with large woed pieces.

Sitty mudstone with;

Petbly low-sinuosity braided | WU

Levee deposits passing upward
into back swamp deposits(?).
(revusse spluy Lobe.

Lens shaped smdstone cenvclute to unduldcry
laminated, plancr-cross beddad. - Repid deposition dmng flood
Micaceous percilel to undulctory laminated sfnge
sancdstone with micro-cross lemination. foes
' Siltstone, parcllel to micro-cross leminction
| St o mereres .
Eia " Micaceous, ﬁ-:in bedded spndsione\. ’Ovefbcnk sequen(es\ ¢t sardy low-
: o - _ sinvosity strecm deposits. - |
" Covered. - ‘ ‘
Thick becdded sandstone =
Pabbly sandstone with woed pieces and Sandy low-sinuosity stream w
cecal frogments. channel fill.
Carkenacecus ‘mudsicne c.iefncmg with Chamel abandonment sequence.
miccczous piant fregment—ricn siltstone =

Pointber deposits.
Meandering channet fill.

* Possitle pebbly breided strecm |-

channel fill.

stream channel fill.

Neurclethopteris schiencni >
Sghencoteris limai ZEILLER
Asterochyilites pcleccaus STUR « 4 /
Ela Parcllel Iaminated sandsicne gradually Overbank sequences of sandy <|
passing upwerds to siltstone.’ low-sinuosity streams.
31
Pebbly sandstone containing cong!omerahc Channel fill-- 'possibli | ow-sinuo
Eib layers cnd coal pieces. sity sandy braided type. P
Plenar cross bedded sandstone with organic (]
rich mudstone partings, reverse greding.
D2 Pebbly sigmoidat cross bedded sendstone ¢ | Lateral migration cf the point
with large wood pieces. bars.
Mudstone contcining large plent fregments, Lcke deposits with tractional
F2b siderite nodules & microcross lemination. or suspension flow.
Mainly carbongceous mudsione. o
-y : : w
Parcilel to cross laminated siltstone with :
siderite nodules
Mudstone [Seat-earth?) alternating with Emergent phase of the lcke @
F2b coal layers. deposits or lake margin.
Sandstrecked siltstone with ;
Lyginopteris baeumleri (ANDRAE) GOTHAN
Neuralethopteris schlehcni (STURJCREMER s
D4 M%dsiptne gggt?inhg large coal pieces cnd Deposition from suspension |1y
siderite uies ‘ under low energy conditions,
Mainly siltstone with current ripples, mica possible ox-bow lakes.
flckes end cbundent plant fragments. =
D3 Parcllel aminated carbonaceous sandstone Possible cut-off channels
(Chennel abandonment).
Trough cross bedded.micaceous sandstene Pessibla ?iransversa bar.
with some plants&cocl fregments.
D1 Large sccle planar cross bedded sandston Stacked channel fill sequence |—
| e with lerge wood pieces of high-sinuosity(?).
: : —
D2 ‘“‘“‘.“ Sigmoidcl cross bedded scndstone with Point bar depesits.
X : large wocd pieces.
D1 - Pebbly scndstone with coal fregments.- | Meandering chamnel fill.
a3k Mudstone with csal bend o .
=il Flgser cross lamincled siltstone,abundent. Lacustrine shelf sequence.
’ F_ZG . ’-‘:Z—':‘-/ plant2 mica fragments ~i1th scmeron s Y
\ Om = layers. : 4 /

Fig 16 . |
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Molnx-supporled pebbles ure poorly sorted lmeated E) " Pebbly braided étreum deposits. - - |E2
occcsnonolly lmbncated : L

;}ifi'mff‘v

£00m _

- Smcllscole lrough with abundant lant & fragments. /Ovefba’nk sequences. ‘

Clay rich carbonaceous mudstone a'l)termhr?;o‘v;ﬂh g&tstone quencey . Ela

sondstonelwuth current ripples)and coal layers. 4 , :

Thick bedded conglomero!e lo sandstone, pebbles ure Son‘dy,low-sinuosity stream deposits. Elb
| | mostly lineated. . S ‘
A Plcnar Cross bedded pebbly sondstone

Congdlomerote clost-sUppbrted with loading &coal pieces. | Stacked, sandy low‘-.sinuosity stream 'E"?

channel fill sequences.

Pebbles are mostly quorlzue chert&volcomcs matnx-supportai . \

' KOZLU FORMATION

~ Fault

Large sccle sand lenses contommg communuted plonls " Crevasse splay seqﬂences. C2b

300m 5=
Mosswe,mncoceous sandstone lenses ollernohng )Nllh siltstone

Parallel to undulatory laminated,micaceous with large plant Interdistributary channel sequences. |C1b
fragments and some loading(erosive base?).: -

|
U B lilaR

FORMATION

ALACAAGZI

1% Siltstone dlternating with iron ricb sand lenses(siderite?) Cu;evnsse splay deposits. C2b
T — Massiveto microc;rbss laminated w‘ithrsome lodding. tnterdistributury channel fill. rC"b
il * Parallel laminated micaceous sondslone o\ternotmg with P°55“’,‘° natyral levee “ daposits. C2a
TES : siltstone. : : ) :
“ 200m. g:-::‘::’z Orgcmc rich siltstone with mica tlokes o . IR T
N == f ‘Puraue( laminated, micaceous, organic’ nchf’( ? : ) B .
1-_3_;-2 ; ’ B )
Jfﬁ - Folded sand streaked siltstone. .- A f Possible slunp deposits.
1;.;::?:_’? : { Undulatory laminated snltslone con!cmmg obundcnt plant & Crevasse splay sequence. " . |C2b
] mica fragments. - \
" Covered with vegetohon 1
Unddlolory lominoled sandstone band yvith'f;lont pieces. Interdistributary bay or lagoon.
Organic-rich, micaceous silstone with;sidefiié nodules. B C1(]
Micaceous sandstone layer with mud dropeé(:erosive base) Crevasse channels. ° : a 62-b
Flaser bedded siltstone. o B Interdistributary bay or lugoon.' - {C1a
Parallel laminated, micaceous, lens- shuped sondstone with Distributary channels and levee
wood pieces alternating with plantfrogmen!-nch siltstone. deposits. , ¢ ~ |C2a
Trough cross bedded, micaceous sandstone o ‘ C1b
Mudstone containing abundant plant frugments &siderite Interdistributary bay deposits. | C1
nodules. ' a
Massive sandstone with mlco&plant frcgments and erostujve
ase ,
Siltstone dlternating with mudstone: conlalmng abundant Distal delta front deposits. B1
comminuted plant tragments. 3 ) .
Falded silt strecked “mudstone. ’2 Possible slump deposits.
Mudslone alternating with siltstone und 1solated sand Prodelta and possible distal 1A
. turbidites. _
loyers :
Midi Faull S

{
j
i
Mg 2. . i
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> * " Mudstone with mica end comminuled Interdistributary bay or logoon,  |C1Q
_ plant frcgments - - o i -

r 7 . . ;’ - . ) ’ v ’ « :
Parcllel kominated sardstone alternatingwith]  Pessible natural levee sequence. |C2a
comminuted plantrich siltstone. T

100m = Micoceous scnds_tcne layers Marginal delta front.

0 -

Thin bedded sandstone alternating with Possible proximal delta front.

> micg and plant fragment -rich siltstone 7 B2

90m ‘ ‘

>

Q)

80m | )
Folded , ccmminuted plant fregment-rich Possible slumped-slope deposits(?l
sandstone cnd siltstone .

N .

— = Distal delta front . B1
Mudstone alterncting with sitstone and Turbidite-tke prodelta:pessibly A
scndstone ’ delta progradation starting from

mn here (Regressive sequencel.

Micaceous lens-shaped sandstone aiternating Crevasse splay deposits, C2b

o with plant frogment -rich siltstene .

Mudstone containing lens-shaped sandstone Lowlying interdistributary area. C2b

o) ’ (Crevasse channels or splays).

3 B - A ) C e . —
Mudstone with abundent comminuted plent Interdistributery bay o lagoon. T1a]

<z fregments and chert fenses.

Wave ripple merks
Mudstore ;Commln%:t,ed plent&mica frogments Prodelta and shallow muddy shelf. A

> Abundant Bivclives B
Mudstone with limestone nodules, commiruted ) )
plant fragments, goniatites and bivcives Possblemuddy strend plain, 4

— Mucstone dternating with timestone contdning]  Possibly end of the transgressive
plent fregments, goniatites end bivalves sequence. .

Sandy limestone Prograding sandy mud flat
Limestone with corcls end brachicpods, : ’

Noduler micritic imestene with lens-shaned Storm-dominated (3) beach ridge.
mudstone and gbuncant brachiopods;

o Gigantooroducius cf. tulensis
Mudstone Prograding mud flat.

2 L
Brecciated limestone with corcs
Nodular micritic limestone wilth corals and Beath ridge.
brechiopods Giggnteproductus elonogtus
Chert Giggntopredustus expensys Storm-domincted shelf.

Carcl-rich limesione cditerncling with chert
Corclerich fimesione with brochiopod Shatlow marine shelf.
LY fregments.
10m P T==1
T«
LR
- | e
___'T VISEAN Limestcne ; thick-beddad.cord-rich,
-— with chert layers.-
___L__47 = ’ ’ '
1
. -] —

F‘ig11o . -
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Cla

130m.]

Cib

{C2a-

c2b!

Cib

Cla

Cla

Cla

el

Covered with veqgetation & Alecaadzi bay
recent sediments.

Siltstrecked mudstone with comminuled
plant tragments & root marks

Micaceous, trwgh cross bedded sundstone

~ coal pieces.

" Seat-earth and codl.

Mudstone with siderite rjodules&rbot marks.

_ Miro cross laminated sandstone

' Mudstone, seut-éarth and coal

Lans shaped scndslone wuth ceal paeces

Scnd strecked sdtstcne ‘with wave ripples
and current ripples.

Carbonaceous mudstone.
Sitstone with siderite nodules & wave ripples.

Mudstone with comminuted plant frcgnents
& sect-ecrth.

Lerge scdde troughcross bedded sandstone
with mud dropes mica flckes & burrows.

Mediurrscdle trough cross bedded sandstone

with coal2mica flckes cccrs,xmc:ly clterrat-| -

mg with wave ripples

Madium sccle trough cross bedded sandstone

with coal chips. .

Volc:mc&orgamc clast-rich, parcllel lkeminct-|

ed scncstone c!temctmg with codl layers.

Miccceous scndstone wnth tr::ugh to rarciiel
lemination

Large sccle frough criss bedied sandstene
with m;ca,plcn!&vo{c:mc fragmants.

p——

Mudstone aiternating wnh cod lcyers

Micaceous, carbonaceous sandstone with mud
crapes & wave ripples. :

. *
Mudstone with root marks & coal band.

Parcllel laminated siltstone with siderite
lenses,comminuted plant fragments & seat-
earth

Mudstone wuth sxdente nodules,seat -earth

- and coal.

Sandstone, with que rippies 2 muddy sideritd
lenses.

Clay rich mudstone cltemctmg with coal
Carbonaceoussiltstone  with root marks.

Undulatory & large scale trough cross bedded
sandstone with wave ripples & burrows on
the top

Micaceous trough cress bedded scrdsione.

Massive to parallel laminated sandstone.

Parallel laminated sandstone to silistone
with lens shaped siderite.

) Seartr-earth and coal

Sendstone containing smcll scale plarr
cress bedding end wave ripples..

Seat-earth end coal

VPcrqul lamingted sandstone grcduc‘l/

passing upwards to siltstone.

‘Trough cross bedded scndsfone with wave

ripples on the top.
Ercsive bcsed scncstone.

Scndstone dlternating with siltstone.

" Sandstone with wave ripples

" Interdistributary bay (svampl deposits.

_ Wave rewerking of outer bay deposits.

) Svump ar mursh in the mferdlstnbul’-

j Interdistributery or iui;oom! degasits.

!nrerdishibutnry.buy deposits.

Possible interdistributery channel fill.

Crevasse channel,

xntérdish-ihqmry bay depesits. -

Crevusse channel depnslfs.
chve worklng of ﬂuvnully fmnsported

detritus in the naturcl levee saquencef

Interdistributary bey deposits.

Swamp or marsh depasits of interdisiri-
butary bay sequence.

Possible migration of subaquecus dunes

asscciated with interdistributary channd]

Dunes particlly eroded cnd washed
out in mederate-high energy candlien
associated with interdistributary
channel s.

Naturcl levee deposifs.’

Possitle crevasse splay depasits.

Possible migration of subagueous
dunes by longsacre currents,

Interdistributary bay deposirs.

Wave-reworked sands; abundart pene-
contemporaneous erosion of mud
{crevasse channel).

*

Swamp deposits (low energy suspension).

Back-barrier swamp deposits.

Swamp  deposits.
Possible abandonment of crevasse
channels.

Wave-~formed lummhon associated
with high energy condition.

Swamp or marsh deposits.

Suna dunes; storm and fair weather
increments may be recognized.

Possible migration of cunes by lengshorel
currents.

Wave-or current- formed lamination
associgted with high energy condition
in the proximal dalta front environment.

Possible delta lobe abandonment.

ary bay area.

Passible washover cycle of barrier
sands(? with ﬂuvml xnmf

Distributary channel fill depesits or
charnels cuts 3y storm surge  ehd
currents, and filled by fine sardsicne,
reflecting low energy conditicn,
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SN e T ’
SR IR ‘f; Pebbly conglomeruhc sandstone E
280m @5.‘,"6 .o‘n:, -
: Sandstone clgermlirg with thin sillstone Chcmnel abandonment or prasm:(
R " < levee )
Massive green sandstone ‘ A Ela
_Undulatory Abminated sandstane Crevasse splay lobes developed
. in the channel cbandonment.
Micaceous lens shcoed (trough cross beds’) 'Possible. longitudinal sand bars
purple scndstone o . . .
Sandstone with wood frcgments )
Trough cress bedded sandstone; ’ . o
on the top, muddy layers. Sardy, low sinucsity channel fill
Pebbly sandstone ' E1b
Sigmoiddl cross bedded micaceous Point bar deposits. D2
pink sandstone
i,—
250m | Covered
et 2 o] <
Epsilon cross bedded sandstone Point bar deposits. D2
2L0m | :
3 =
Pebbly sandstone Meandering chcnnel fill. D1
- ot
230m
] SEE KN T cm
NN | o ©
N = Epsilon cross bedded sandstone Pont bar deposits. D2
\ ——
Purple’ sandstone ) .
220m L.
Pebbly sandstone with irregular scoured Meandering channel fill. D1 |~
210m base ‘ ’ ‘
-
Purple to green mudstone Depbsit{on frdm suspension uhder D4
: ) low energy condition, poss:ble
200m ox-bow lakes. - i
Pcraﬂél laminated sandstone with mica o Deposition ct low flow power D3 |—
flakes from trcctionat /suspension flows
190m Possible cut-off channels.
Pebbly sandstone with siltstone chips. Meandering or low sinuosity D1?
stream chennel fill. N
Purple pebbly sandstone cutting info minor{ Ercsion in thalweg of possible |D1
fining upwards s2quences. meandering channel.
180 m Mudstone,green with comminuted plant
fragments. —
\\\;\\\\ -\»‘ N "’
A\ AN . . .
;""*'-—""" Sigmoidal cross tedded scndstone with Meandering channdl fill ceposits | D2
ﬁi\u-z?, / volcanic rock fragments with accretionary ber davalepmeny
SR x
170m J7=70 Pebbly scndstone with u-regulur scoured ' ) Lo
T Fesiage base. Mecndering channel fill. D1
Covered I
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Covered . mainly folded mudstone.
1SOm J2 Folded mudstane alternating with siltstone
“and containing coal lrcgments& micro cross Possible lake margin deposits F2b
laminaticon .
Carboncceous mudstone wlth !ens shaped ~ Crevasse sblcy lobes develbped inthe |Ela
sulty layers. . " overbark of low sinucsity streams -
120m | ‘ ” 5 ‘
Dark grey s'l(stone con!cmmg lers shcped Crevesse splay deposits. =z
scndstone. . . ] ;
130m | Mudstone ) Overbank deposits of low sinuasity Ela
‘ - stream sequences.
- . o
120m Feldspathic sandstone mostly altered. " Possible lcke filled by progrcd:ng small F2b |
- deitas. ;
; =
1‘10m = ‘ . ‘ o ' ’ | - :
‘ YY) Seat -earth and coal Emergence phase of the lake deposits.
: <
Parcllel-laminated saendstone gradually Fluvio-Lacustrine interoction end bay F2b
passing upwards to siitstone. sequences.
Green undulatory Iemingted mudstone. o =
Trough cross-bedded s'ltstone with some Possible crevesse splay lobes in the
branch pieces lacustrine bay.
© 0m.]
- o4
Covered
€0m Coal Overbank back swamp. Ela|o
i Carbonaceous ,micaceous sultstoﬁe with B % R o
some leaf pieces. . .. .
Massiveto parcllel lominated sandstone. Overbank sequences of scndy low Eia
S L smuos;ty streams. - . - LS
- 70m.._._ "
Matrix- supported conglomerates with chert Possible small fan delta sequences. E2
pebbles drifted coal pmces&wood pieces. -
Parallel-laminated sandstreaked siltstone Progradation cf levee and crevasse
‘with abundant plant pieces,mud drapes,silt splay lobe into an interdistributary bay F2b
- clasts & loading. of the lake deposits.
Paratlel to microcross lamingted mudstone Lacustrine wave rewcrking in the river
to silistone contcining comminuted plcmt generated sequences. F2b
fragments &wave npples ‘
Paraltel tominated siltstone )
\ . o
Green pcrallel laminated mudstone with Possible Icke margin deposits. ' .
comminuted plant & branch frogments.
(]
Grey parcilel laminated siltstone Overbank deposits of low sinuosity Ela
. stream sequences.
<
Felds;;cthic.iron slgined sﬁndstone, ' Possib(eAchannel iy
Elb
Saltstone folded, micaceous with dnﬂed
coal frcgments ] )
Conglcmerate with criented chert pe::ies Pessible fcn delta progrcdmg ito the | E2
uwood fragments. - lcke <
M»ccceous.undulatory lammqted scndstone :
S-Hstone with current ripples .comminuted - o ‘
plant fragments cnd scndstone byers Fluvio -Lacustrine intercction and bay F2b
Mcriopteris muricatg - sequences. :
Eusphenopters obtusiloha :
Sphenopteris [Crossatharc) schatzlarensis x
Sphenopteris artemisicefclicides :
Cordaites sp.
Mudslane,fclded,ccrbonate cemented - Possible lecustrine shelf sequences. |F24
Road cutting (ME of Ozkem villcge) - i
. - |
Fig. 23 f
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200m

190m ]

180m

170m |

160m_,:

130m ]

120m

“110m

80m

" Parallel fo undulatory laminated micaceous

Micro-cross lkaminated sandstone
clterngting with siltstone

Purple mudstone

Covered

Peraflel leminated sandstone graduaily
passing upwards to siltstone & mudstone

N

siltstone alternating with lens shaped
sandstone (trough-cross bedded 2)

Sanqs(one;wefl sorted.qu}ortiitic.

-

Siltstreaked mudstone

Green to purple mudstone.

Micro-cross leminated siltstone

" singosity stream sequence. o D4

) fluv:ul irputs. -

Sandstrecked pcxraﬂel Icrmnated
siltstone

Mudstone, fissile, platy.

Siltstregked mudstone.

Purple, peretlel lamingted siltstone -

Pebbly scndstyone :

~area of the lcke deposils.

Siltstene with mxccceous sandstone
layers.

Parallel Icminoted‘ sandstone.

’Mudstone.slighuy micaceous

Purple siltstone

Parallel laminated sandstone

Green to purple mudstone

Parailel laminated purple siltstone with,
tiny mica flakes

Reddish parallel laminated sandstone

Mudstone with small wood & branch pieces,
Neuropteris ovata HCFFMANN var. ovatg

Micro-cross laminated scandstone -

Red paratlel laminated sandstcne grcduully
passing upwards to siltstone & mudstone.

-

Covered, mainly mudstone

- 60 metres gap

Covered
Parallel taminated sandstone

Green parcilet tcmmqted siltstone wuth,
micq flckes . L

Pebbly scxﬁdstone

" Planar cross bedded scndstone wuth

iron coctmg

Kizilh willage

" Possible transverse Sars in the low-sinu-
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