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ABSTRACT

GEOTECHNICAL EVALUATIONS AND DETERMINISTIC DESIGN
CONSIDERATIONS FOR PITWALL SLOPES AT ESKIHISAR
(YATASAN-MUSLA) STRIP COAL NMINE

ULUSAY, Resgat
PhD in Geological Engineering Department
Supervisor : Prof. Dr. Vedat DOYURAN
September 1991, 340 pages

In this study it is aimed to reveal +the geotechnical
characteristics of the lithological units exposed at the
Eskihisar strip coal mine, to establish +the causes and
mechanisms of slope failures, to estimate shear strength
parameters mobilized along the sliding surfaces at the time
of failure, and to determine optimum slope parameters for

safe and economical operation of the mine.

Paleozoic(?) schist and Mesozoic(?) marbles constitute
the basement rocks in the mine area. The Neogene deposits
comprising Turgut, Sekkdy and Yatafan formations overlie the
bagement rocks unconformably. The coal seam having a maximum
thickness of 20 m occurs at the base of the Sekkdy
formation. All wunits are crossed by normal faults and

numerous joints.
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Geotechnical investigations involve core drilling, in-
situ and laboratory testing to determine material,
discontinuity and mass properties of the lithological units.
Groundwater level measurements, slope monitoring and back
analyses of various possible modes of failure are also

performed.

Slope instabilities are mainly controlled by structural
features yielding multiplanar and plane shear failures, and
small-scale wedge failures. Mass failures occur in soils and
highly jointed rock wmasses. The parameters derived from
laboratory shear tests are compared with those obtained from
the back analyses of instabilities encountered in the pit.
The results suggested that the residual shear strength of
discontinuities and of soils are mobilized along the sliding

surfaces at the time of failure.

Stability analyses involved kinematic approaches and
limit equilibrium analyses incorporating dry and saturated
slopes as well as effects of tension cracks. The results of
analyses indicated +that the overall stability dis most
sengitive +to toe configuration, weak clay bed appearing at
the basin margins, and orientation of wmajor structural
elements. Design considerations for multi-bench sidewall
slopes, highwalls and individual benches are discussed with
the consideration of the initial pit design plan proposed by

Turkish Coal Enterprises.

Keywvords Slope stability, Eskihisar strip coal mine,

Back analysis, Failure mechanisw, Limiting
equilibrium, Sensitivity analysis, Design
evaluation.

Science Code 606. 04. 01
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OZET

ESKIHISAR (YATASAN-MUSLA) KOMUR AGIK ISLETMESINDE
JEOTEKNIK DESERLENDIRMELER VE ISLETME SEVLERININ
DETERMINISTIK YONTEMLERLE TASARIMI

ULUSAY, Regat
Doktora Tezi, Jeoloji Mihendislidi B&liémil
Tez Y8netcisi : Prof. Dr. Vedat DOYURAN
Eylil 1991, 340 sayfa

Bu caligmada, Eskihisar komir agik igletmesinde
yUzeylenen litolojik birimlerin jeoteknik ©&zelliklerinin
arastirlmasi, sev duraysizliklarainain nederilerinin ve
mekanizmalarinin belirlenmesi, duraysizlik sirasinda kayma
ylizeyleri boyunca etkin olan makaslama dayanimi
parametrelerinin saptanmasai ve glivenli ve ekonomik maden
isletmeciligi igin optimum sev parametrelerinin

arastirailmasi amacgclanmistar.

Paleozoyik(?) sistler ve Mesozoyik(?) mermerler wmaden
sahasinain temel kayacglaraini olustururlar. Turgut, Sekkdy ve
Yatadan formasyonlarindan olusan Neojen g¢ikelleri temel
kayaglari lUzerinde uyumsuz olarak yeralmaktadair. Maksimum
kalainlaigda 20 m olan kémilr zonu seviyesi Sekkdy formasyonunun
tabanainda bulunur. Tiim birimler normal faylar ve gok sayida

eklemler tarafaindan kesilirler.



Jeoteknik etidler, karotlu =sondajlara ve litolojik
birimlerin walzeme, slireksizlik ve kltle 8zelliklerinin
tayini amaciyla yerinde ve laboratuvarda yapailan test
caligmalaraina igermektedir. Ayraica yeraltisuyu tablasa
Slglmleri, gevlerde hareketlerin izlenmesi ve cesitli
duraysizlaik modellerinin geriye donik analizleri de
gergeklegtirilwigtir.

Sev duraysazliklarai yapaisal ©bzellikler tarafaindan
denetlenen, baglica g¢ok dizlemli ve diizlemsel wmakaslama
kaymalara ve kiiglk 6lgekli kama tipi kaymalar seklindedir.
Zeminlerde ve oldukga eklemli kayaglarda kiitlesel yenilmeler
gelismektedir. Laboratuvar makaslama testleri ile saptanan

parametreler igletmede karsgalasilan duraysazliklarain geriye

donik analizlerinden elde edilen deferlerle
karsalastairilmigtar. Sonuglar, duraysazlak sirasinda
slireksizliklerin ve zeminlerin artak makaslama

dayanimlarainin etkin oldufunu g8stermistir.

Duraylilak analizleri, kinematik yaklasaimlari ve kuru
ve suya doygun sevlerle birlikte gerilim gatlaklarainin
etkilerini de igeren limit denge analizlerini kapsamaktadir.
Analizlerin sonuglari, nihai gev duraylilaifainin topudun
konumuna, havza kenarlarainda gbriilen zayaf kil tabak381ﬁa ve
ana yapisal elemanlarain ybnelimine karsa g¢ok duyarla
ocldufjunu géstermistir.Gok basamaklai kalici kenar gevlerinin,
yiiksek sevlerin ve minferit basamaklarain tasarimaiyla ilgili
hususlar, Tirkiye Kémiir Isletmeleri tarafaindan &nerilen ilk

tasaram plani dikkate alanarak tartaisailmaistar.

-

Anahtar Kelimeler

Sev duré&llllgl, Eskihisar kgﬁﬁr agik
igletmesi, Geriye dénilik analiz, Yenilme
mekanizmasi, Limit denge, Duyarlalak
analizi, Tasaraim deferlendirmesi.

Bilim Kodu 606.04.01
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CHAPTER 1

INTRODUCTION

1.1. Purpose and Scope

The cost of 0il has increased substantially over the
last decade. As a result, electric pover generated from oil
and gas has placed other alternative means of pover.
Accordingly, increasing emphasis is now being placed on the
use of coal to generate electricity. In wany of the
countries, like Turkey, major economic pressures are
developing subsequently to explore these deposits for +the
generation of power. These include a number of large lignite

deposits which are being developed by strip wining methods.

In order to minimize the cost of power and to wmaximize
the economy of mining it is essential to control the rock
mass stability as mining operations progress. In order to
maintain the continuity of the production design engineers
should evaluate the stability of slopes, and in particular
the stability of highwalls in strip wine projects.

Since the commencement of mining in the strip coal mine
at Eskihisar (Yatadan-Mu@la), where thermal cocal is being
produced for Turkish Electricity Authority’s powver
generating plant, some stability problems have been faced
both in working benches and in permanent slopes. As mining
of strips advanced southwards, instability appeared to be
more serious due to the movements of +the slopes adjacent to
the state highway running parallel to the pit boundary. This
situation increased the importance of a successful re-~design

of pit slope based on detailed geotechnical considerations.



The purpose of this investigation is to study the
geological and structural features of the pit and its close
vicinity; to determine the geomechanical parameters and
geotechnical properties associated with both the intact rock
material and discontinuities which govern the stability of
slopes; to assess the general hydrogeological
characteristics of the pit area for stability
considerations; to identify the mechanisms and modes of
instability by monitoring slope movements and by carrying
out back analyses of old and monitored slope failures; to
predict rock mass strength of weak and blasted highwall
material wuwtilizing empirical criterion for analyzing mass
failures; +to assess kinematically possible failure modes
involving structural discontinuities in different design
sections; and finally, to conduct stability analyses based
on deterministic approach for the safe slope design with the
consideration of operational constraints and of the possible

advantages of remedial measures.

The investigations were conducted in four stages. 1In
the first stage extensive literature survey and the desk
study which included collection of previous data and reports
written for the site vicinity and published literature on
strip coal mines and related stability considerations vere

carried out.

The second stage of investigations included the field
wvork which started in June 1989 and continued until the end
of November 1989. However, in 1990, previous field work vas
also Isupported by short-term studies conducted in +the pit
for the purposes of additional data collection and
monitoring. During this period, large scale geological and
documetation wmaps were constructed; the scan-line surveys
carried out along pitwall faces and discontinuity parameters
from 59 scanline stations were entered in data sheets; the
long-term wmonitoring using optical prisms was conducted at

two unstable locations in the pit and observations were



performed in previously failed slopes to assess the failure
mechanisms. Besides, nine fully cored boreholes were drilled
down to the base of the coal seam and then each borehole was
geotechnically logged. Groundwater data were obtained from
the available boreholes and blastholes, and from the
standpipe piezometer installed in a geotechnical borehole.
Schmidt hammer tests were also carried out in the field on
undulating bedding surfaces to assess their shear strength
parameters. Undisturbed block samples and borehole cores
vere taken from each of the wmajor lithologies and

discontinuity surfaces.

The third stage of investigations involved an extensive
laboratory testing. Uniaxial and triaxial tests were carried
out on samples prepared from existing cores. Index
properties of soils and rock units, such as unit weight,
vater content, Atterberg limits, grain size distribution and
slake durabilty index wvere also determined. Multiple-
reversal shear box tests were performed both on soil
materials and discontinuity surfaces to determine their
shear strength parameters. Finally, rock mass strength was
assessed by employing empirical failure criterion in

conjunction with rock mass classification.

The fourth stage of studies involved detailed stability
analyses for safe slope design. Several failures, using the
information gained from the monitoring and observations,
have been back-analysed to assess the failure mechanisms and
the results obtained were compared with +the laboratory
derived shear strength parameters. Pit slopes, grouped into
nine design sectors, were analysed to assess kinematically
possible failure modes involving structural discontinuities.
Finally, design of pit slopes within safety and economical
limits stability of highwalls, wvworking benches and permanent
slopes vwere analysed by wutilizing two-dimensional limit

equilibrium methods based on the deterministic approach.



Different computer programs have been developed by the
author for stability calculations of several failure modes
and for determination of the rock mass strength using the
empirical criterion proposed by Hoek and Brown (1988). IBN
4331 type of main frame computer has been used during

analyses.

1.2. Location and Accessibilty

The study area, Eskihisar strip coal mine, is located 8
km west of Yataljan (Figure 1). The area, covered by 1:25000
scale topographic map of Aydin-N20-a4 sheet, is about 36 km
to Mujla and 32 km to Milas and surrounded by hills from

west, northeast and south. The site is accessible throughout

the year through asphalt paved Yataffan - Milas state
highway, wvhich follows the southern boundary of the
pitwalls.

The closest settlement to the site area is Eskihisar
village vhere ancient ruins called "Straenikea" wvere
located. The wvillage had been evacuated due to mining
operations. It is now under the protection of the Ministry
of Tourism. Other settlements include Sahinler and the town
of Yatalan at the east, Bajcalar village and town of Turgut
at the north and Yeni Eskihisar village at +the southwest.
The roads connecting Yatafan to Sahinler, Turgut and to Yeni
Eskihisar are asphalt paved, vhereas betveen Eskihisar and

Badcailar, the road is unpaved.

Boundaries of the study area were determined in
accordance with the direction of advance of the pit to the
west and to the north, locations of the state highway and
spoil pile areas, and the permanent slopes planned in the
corridor between Eskihisar and Ba3calar. In this manner, it
was aimed to investigate the stability problems of the
existing pit and the future excavation areas. For this

purpose, the area of detailed study is decided on the
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basis of 1:2000 scale production plan covering the existing

pit and its vicinity.
1.3. Previous Investigations

Previous investigations at +the study area wvere
performed for the purposes of general geclogical interests
and evaluation of lignite potential. The majority of +the
geological studies were conducted as regional inveastigations

around Mu¥la including Yatadan and its vicinity.

The earliest geological investigation at the study area
vas performed by Abdisselamoflu in 1965. He prepared a
geoclogical map at 1:100.000 scale involving Yatafan and its
vicinity. He suggested that the basement rocks, consisting
of wmicaschist, calcschist and marble at Eskihisar area,
probably belong to Paleozoic(?) and Mesozoic(?),
respectively. Neogene deposits of continental facies were
differentiated as conglomerate, sandstone, clay and

lacustrine limestone.

Platen and Bering (1966) constructed a geological map
at the scale of 1:33000 between Eskihisar and Turgut. In
this study +two +types of deposits, as river and 1laeke
deposits, were distinguished. They wvere’' the first to
differentiate +the detritic facies of lake deposits which
crop out along’the basin margins. This unit was described

as conglomeratic travertines.

First detailed dinvestigation involving geology and
biostratigraphy of the area was conducted by Becker-Platen
(1970) in Mu¥dla and Denizli regions. According to his study,
Neogene in Eskihisar area consists of three formations as
Yatafian formation (fluviatic), Sekkdy formation (fluviatic)
and Turgut formation (limnic-fluviatic). He also claimed
that the detritic facies of Sekkby formation along the basin

margins vas represented by conglomeratic travertines,



laterally grading into the main lake sediments. Moreover, he
recognized thin and local transition zone deposits between

Yatagan and Sekkdy formations.

Yiicelay (1970) studied the stratigraphy, tectonics and
lignite potential of +the Neogene deposits within the
corridor lying between Eskihisar and Baydcailar. He
distinguished the boundary between the basement rocks and
Neogene deposits. He proposed the stratigraphical sequence
in +three major sections as : (1) fluviatic deposits
{equivalent of Turgut formation), (2) lake deposits
(equivalent of Sekkd8y formation), and (3) fluviatic deposits
(equivalent of Yata3jan formation). He also distinguished the
crystallized sandy limestones and conglomerates along the
basin wmwargins from the lake deposits and claimed that the
faults, which were active prior to Neogene, have formed the

basin which is then filled with Neogene deposits.

Atalay (1980) studied the Neogene stratigraphy of
Mugdla, Yatafan and Milas. He argued +that two formations
named as Eskihisar and Yatadan were recognized in the study
area and both were formed from river and lake deposits. 1In
this study the fossils identified suggested that the Sekkdy
and Turgut members of Eskihisar formation belong to Middle

Astracian and Late Astracian, respectively.

Denizli and Mudla Neogene sequences were investigated
by Gdkgen (1982) in terms of their litho-chrono-stratigraphy
and ostracoda biostratigraphy. 1In conclusion it vas
understood that although the lover marine parts of Neogene
can easily be correlated with the Tethys province by
ostracodas, the upper continental facies has some
similarities, but a sound correlation among continental

fauna seems difficult.

The first coal exploration in Eskihisar coalfield wvas
carried out by Engin (1965) as a general prospecting study.



This study was followed and extended by Benda (1967). Three
boreholes were drilled to investigate the position of coal
seam. Benda estimated +that coal reserves were 20 to 40
million tons in Eskihisar area. He also pointed out that the
locations of the state highway and the historical ruins in
Eskihisar village would cause sowme problems and restrictions

during future mining operations.

The detailed studies aimed to explore the lignite
potential in the corridor between Eskihisar and Bafcilar
wvere conducted by M.T.A. geologists under the management of
Gokmen (1975). In this study, a large area between Eskihisar
and Turgut was mapped at the scale of 1:10000, totally 170
boreholes vere drilled, and Neogene deposits vere
distinguished according to their lithological differences.
Gékmen also indicated that the approximate minable thickness

of coal seam ranged between 15 m and 20 wm.

Has, et al. (1975) estimated the coal reserves based
on the information obtained from detailed studies conducted
by GBkmen(1975). According to their reserve estimations
based on the methods of poligon and isopach, extractable

coal reserves through open pit mining was 106.159.000 tons.

Dewmirok (1878), based on the available geological
information re-evaluated +the reserve estimations for

prefeasibility studies.

Position and extend of the coal seam at the western and
northeastern parts of the current open pit, where excavation
has not been started yet, were examined by a M.T.A. team
(Kasap and ﬁnal, 1987 a and b), through a total of 41
boreholes, which were not fully cored. The study pointed out
that the coal seam gets thinner and the dips of individual

layers increase towards the basin margins.



Two hydrogeological studies were performed in Ithe
vicinity of Yatafan and Eskihisar coalfield. Ersoy (1937)
investigated the irrigation water potential of the alluviums
of the Eskihisar stream.

Canik (1975) +tried to determine the hydrogeological
parameters of the lithological units, such as hydraulic
conductivity, +transmissivity and coefficient of storage,
through pumping tests around Eskihisar village. He concluded
that the coal seam is permeable only in zones where 1lignite
was Zfractured. The marls overlying coal seam contain some
groundwater. He also suggested that sudden inflows were not

anticipated from the deposité overlain by the coal seam.

The only investigation involving rock mechanics tests
at the Eskihisar coal strip wmine was carried out by
Pagamehmetodlu, et al. (1988). This study was performed to
investigate the diggability, rippability and blastability
characteristics of 1lignite and compact marl in the
overburden. For +this purpose, unijiaxial and triaxial
compressive strengths, elastic constants, unit wveight,
hardness, tensile strength and slake durability index of
the samples were determined. Diggability and rippability
classification, equipment selection and cost analysis, based

on the experimental results, were introduced.



CHAPTER 2

PHYSIOGRAPHY

2.1. Topography and Drainage

General topographical characteristics of the study area
are still distinguishable in spite of the excavations
performed and spoil piles created as consequences of
continuous wining operations. The study area is located
within a depression starting from northwest of Yatagan
extending in the southwest direction toward Mufla. The area
is connected with the main depression at the east and the
northwest through a passageway and a corridor, respectively.
Consequently, the study area is developed in the form of an

"L" shaped basin.

A large part of the site vicinity is characterized by
undulations and flood plains. Average elevation ranges
between 400 m and 450 m. Elevations exceeding 800 m along
the basin margin are uncommon. The prominent hills of the
site vicinity include Aldag (776 m.), Yeldefirmen (635 m.),
and Hiirlek (804 m.) (Figure 2).

In the study area the typical drainage pattern is
dentritic. Most streams are intermittent and flow only after
heavy rains. The main streams of the basin include Delidwmer,
6meroglu, Kenker, Sartlan and Sarigay (Figure 2). In the
scarpland areas, after readjustment to the structure, the
streams follows main faults (Plates 1, 2). In this system
consequent streams cut at right angles all the cuesta scarps
of the résistant basement rocks and form shalow "V" shaped

channels.

10
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2.2. Cliwmate and Vegetation

The climatic characteristics of Mediterranean Region,
hot and dry summers and warm and rainy winters, prevail
throughout the study area. The precipitation is in the form
of rain. Meteorological station at Yatajan is the only
station closest to the pit. The precipitation records for
the period 1971-1981 are evaluated in the form of average
monthly precipitation histogram (Figure 3). The highest
precipitation occurs during winter and spring and the lowvest

during July and August.

The study area is poorly vegetated. Only the hillse
surrounding the depression are covered by lemurs and pine
forests. The plains, where mining operations have not been

extended yet, are used for agricultural purposes.

12
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CHAPTER 3

CURRENT MINING PRACTICE

The Eskihisar coal mine (Figure 4) operated by Turkish
Coal Enterprises (TKI) produces thermal coal for 3x210 MW
Yatagan Power Station of Turkish Electricity Authority
(TEK). The mine has been operating since 1984 and produced
approximately 3.5 million tons of lowver calorific value cosl

annually. The stripping ratio in the present pit is 4.34:1.

The Eskihisar coalfield contains only one coal seam
which is flat, tabular and relatively uniform in thickness.
Besides, the overburden thickness is relatively small and
thus the coal was planned to be exploited by strip wining
technique. Standart dragline stripping methods are employed
to uncover the coal in Eskihisar open pit. A single
dragline, Marion M8050-36 with a 92 m boom and S50 m3 bucket,
is scheduled to remove about 20-25 m overburden above the
coal seam. Dragline operates from the top of highwall and
works the overburden on its own level. The overburden
material excavated is dumped into the void created by the
previous strip. The stripping sequence consists of "key cut”
removal and then final cut is stripped. Typical range of
dragline vwith plan view and section of a single coal seam
stripping operated in Eskihisar open pit are illustrated in
Figure 5. A bulldozer assists in preparation of the
dragline’s tub seat, levelling the roll, pulling electrical

cables and other miscellaneous operations as required.

To minimize handling costs highwalls are made as steep
as practicable, with angles of slopes ranging between 55° to
70¢, The inner spoil piles, in which local failures occurred
during the period of site investigation, are constructed of
their angle of repose, viz. 30°-35°, The height of the spoil
piles ranges between 20 to 30 m.

14
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Highwalls and advance (working) benches are oriented
roughly north-south, in widths of 80 m and a lenght of about
1200 m and advancing to the west (Figure 6). But, this
direction is thought to be reoriented east-west at the
northern part of the actual pit, B&rlkeldizl location, where
the depth of overburden decreases and the basin becomes

narrower.

Permanent slopes invelving several benches are planned
to be constructed parallel to basin margins in the west and
east and adjacent to the highway. Instabilities, noted in
Figure 6 and Plate 1 indicate that certain areas of the pit,
especially slopes adjecent to the highway, are susceptible

to failures.

Geometry of advance benches are variable with angles
ranging between 60° to 70° and heights from 10 to 12 m.
Material rehandled from advance-bench stripping, which is
carried out by 15 yd3 PH2100 excavators, is transported by
CAT 777 trucks with a 85 short tons capacity, to the outside

dump areas adjacent to Milas-Yata3an highway (Figure 6).

Coal is mined by two electrically operated BHS1900
excavators with a bucket capacity of 10 yd3 and then
transported from the pit to screening plant of the powver

station by Terex 34-11 C trucks having 150 short tons

capacity.
Three Reedrill mwachines with a maximum drilling
capacity of 30 m are used for blasthole drills. Vertical

holes, 9 inch in diameter and approximately on 10 m x 10 m
grid, are drilled and the overburden is loosened by means of
technical amonium nitrate. The shock caused by blasting is

not violent.
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The position of the houlroad was planned so as to cut
over the coal reserves at the narrowest extent of the pit,
but was governed by the location of the screening plant of

the power station.
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CHAPTER 4

SITE GEOLOGY

The geological investigations are carried out within
the area shown in Plates 1 and 2. Detailed geological
investigations of the region for solving basic geological
problems have not been aimed in this study. Special emphasis
was placed on the actual pit and its close vicinity where
mining will advance in the near future. However, information
gained from the early regional geological studies were also
utilized for the evaluation of local geology and for the

interpretation of major structures.

At this stage of the investigation, geological mapping
was carried out to confirm 1lithological boundaries and

principal discontinuity systems. 65 lump samples collected

from different locations, where visual lithological
description is difficult and/or suspicious, have been
petrographically analysed in M. T.A. Laboratories. The

locations of these samples are shown in Plate 3 and the
results of petrographical and mineralogical analyses are

summarized in Table A.1 of Appendix A.

The overall rock and soil colour is difficult to
guantify and unaided assessments can be very misleading.
Therefore, Munsell Colour Charts of Geological Society of
America (1963) were used throughout the study to avoid

subjective colour descriptions

4.1. Geological Mapping

The geological maps of the site vicinity prepared by

previous investigators (Abdiisselamoflu, 1965; Platen and
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Bering, 1966; Becker-Platen, 1970; Yiicelay, 1970; Gokmen,
1975) are small scaled and do not include details required
for geotechnical investigation. Additionally the formations
and/or 1lithologies have also been identified and described
in a rather broad manner. Thus a new geological map of the
site area given in Plates 1 and 2 has been prepared by the

author to suit the requirements of the study.

Geological mapping of the site vicinity was conducted
in two stages. In the initial stage, the geological map of
the existing pit at the scale of 1:2000 was prepared (Plate
1. For this purpose the open pit production plan prepared
by TRIidn August, 1989 was utilized. The second stage
required a more general geological field wmapping at the
scale of 1:5000 (Plate 2) of an area covering the pit and

its vicinity.

Premining aerial photoghraphs were alsc utilized to
obtain an overall impression of the geological condition and
to clarify some uncertainties encountered at the basin
margins which are covered by dense vegatation. Lateral
continuity of the major structural features such as faults
recognized in the pit, were also determined through the use
of previously prepared borehole logs (G&kmen, 1973; Kasap
and Unal, 1987 a, b).

On 1:2000 scale geological map, directional data of
bedding and joints are noted in closely spaced form to
reflect +the variations in their orientation in different
localities. Besides, considering the important role played
by the faults on the stability of slopes, all primary and

subordinate faults are also indicated on the same map.
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4.2. Stratigraphy

The Paleozoic(?) schists and Mesozoic(?) marbles
constitute the basement rocks of the area. These are
uncomformably overlain by Neogene deposits, comprising
Turgut, Sekkdy and Yatadan formations (Figure 7)s

Descriptions of these wunits are given in the following

sections.

2.1. Basement Rocks

The basement rocks surrounding the study area are
represented by schists and marbles. Description of these

units are summarized in the following sections.

2.1.1. Schists

The oldest rocks of the study area include schists of
Paleozoic(?) age (Yticelay, X970 Gékmen, 1975; Atalay,
1980). They crop out only in the valleys and along the
ridges at the south of the state highway (Plate 1) and form
the southern extention of the Menderes Massif (Yiicelay,
1970} . Generally similar colour tones, such as ’‘dark gray-
N4’, 'greenish black-5GY 2/1’ and ’grayish olive green-5GY
3/2' are differentiated by use of Munsell Rock Color Chart.

Based on the petrographic identification of the
samples collected from outcrops and boreholes, the rock is
named as micaschist, which is ieh in biotite and
occasionally possesses characteristics of a calcschist. The
thickness of the rock is unknown. Schistosity is well
developed in NE-SW direction. Marble bands are uncommon.
Schist and marble transition is also recognized in borehole
JT9. Due to this and the presence of dense vegetation the
boundary between the two is not quite clear (Plates 1 and

2).

22



4.2.1.2. Marbles

The dominant basement rock surrounding the basin is
marble. The best outcrops of this rock are observed along
the hills in the northeast of Alday, in the west of
Kurukiimes and Hiirlek, and along the ridge in the southwest
of the highway. In spite of some uncertainities, an age of
Mesozoic(?) has been assigned to this rock unit
(Abdisselamoglu, 1965; Becker-Platen, 1970; Ylicelay, 19709;
Atalay, 1980). The thickness of marbles is not known.

White (N9) and occasionally light gray (N7) marbles are
coarse crystallized, strong and massive. However, at the
rock exposures close to the surface, the rock is
occasionally easily crumbled in the form of sugar crystals
due to weathering. The other distinguishable property of the

rock is that it produces bad smell when struck by hammer.

Thus, the rock is named as "dolomitic marble" by Ersoy
(1957). Based on petrographic identifications the rock has
been named as "marble"”, "quartz-serisite marble" and

"micromerocrystalline limestone”.

Joint systems in the rock mass are distinct and can be
observed clearly in the quarry situated at the west-central
hills of the basin (Figure 8). No karstic features have been
detected on exposures. However, in some of the boreholes,
JT1 and JTS, small and partially calcite filled solution

cavities have been observed.

It is rather difficult to distinguish the boundary

between the marbles and the limestones of Sekkdy formation

due to their similar surface expressions and dense
vegetation cover. However, the marbles show distinct
crystalline texture and produce smell vwhen broken. The

darker tones produce by marble outcrops on the aerial
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Figure 8: View of a marble quarry located at the west
of existing pit (Photo. No.2).
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photographs were also helpful in distinguishing the boundary
between +the two units. In this manner, boundary of the two
rock units is drawn more accurately then those of the

earlier prepared maps.

4.2.2. Neogene Deposits

The Neogene deposits are confined to a depression
extending approxiametely in the NW-SE direction from Gine to
Mujla. Some of the previous investigators(Becker-Platen,
1970; Atalay, 1980; Gdkgen, 1982; Gdktas, 1989) included the
Neogene deposits within the Mugdla group and distinguished
various formations. At the site vicinity three formations
were distinguished. From oldest to youngest, these are
Turgut (Tmt:Limnic-fluviatile deposits), Sekkdy (Tms: Limnic
deposits containing coal), and Yatagdan (Tmy:Alluvial fan

deposits) formations.

4.2.2.1. Turgut Formation

The formation is named after Turgut town where best
exposures are observed. It transgressively overlies the
basement rocks. At the site area only the upper levels of

the formation are exposed.

The formation is very dark gray (3Y 3/1), dark gray
(2.5Y 4/1), black (5Y 2.5 5/1) and olive gray (5Y 4/2). It
consists of thin bedded plastic clay, moderately dense
clayey silts containing thin coal seams at its uppermost
levels. Locally wmedium dense sand lenses and fine gravel

alternations may also be observed.
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Black, highly plastic clay of 5 to 10 cm thick is first
noted by the author at some unstable benches in Ertrans
section (Figure 9) and within several boreholes drilled in
the southern part of the pit. The clay is mostly situated
very close to the basement rocks and due to transgressive
overlapping along basin margins its thickness ranges between

5.cm to 20 cm.

At the lower levels, the sequence grades through fine
grains into quartz, gravels and coarse clastic elements
(Becker-Platen, 1970; Gokmen, 1975). At locations where the
thickness of the sequence decreases, fragments of the
basement rocks are also noted. The 1light coloured mica
flakes (muscovite) observed in dispersed form are the most

distinguishing feature of the sequence.

Based on the borehole data, thickness of the formation
ranges between 0.2 m and S m in locations very close to the
basin margins. Gokmen (1975) reported that the thickness is
more +than 180 m at the northeast of Bajcilar. Based on the
fossil determinations an age of Middle Miocene was assigned

to this formation (Atalay, 1980).

4.2.2.2. Sekkdy Formation

The formation starts with a coal seam and continues
with the main Sekksy formation (Tms), the detrital facies at
the basin margins (Tmsl) and the transition =zone deposits
(Tms2 ). This subdivision is based on the observations of the
author as well as the findings of previous investigators
including Platen and Bering (1966), Becker-Platen (1970),
Yiicelay (1970), Gékmen (1975) and Gbktasg (1989). The age of
the formation is Middle Miocene (Becker-Platen, 1970;

Atalay, 1980).
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Figure 9: A view of the black clay, closely located
to basin margins and a plane failure de-
veloped along the clay (NE of Ertrans sec-
tion; Plate 3-Photo. No.3).
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4.2.2.2.1. Coal Seam

The coal seam corresponds to the base of Sekkdy
formation and comformably overlies the Turgut formation. 1t
can only be observed in slices (strips) when the overburden

is removed.

The type of the coal is lignite with a low calorific
value. It is very dark brown (10YR 2/2) and strong in its
original state and starts to crumble and turns to black when
it loses its moisture. The coal seam is overlain by compact
marls of the main Sekkdy formation. The boundary between the
two is distinct (Figure 10). At. dts. lower boundary,
alternations of thinly bedded clays and clayey silts with
coal +traces are common. There is only one coal seam.
However, it is rarely posibble to encounter thin coal seams
up to 1 m thick below the main coal seam as identified in

the boreholes JT2 and JT3.

The coal mined is classified as "ksiolite lignite” and
"board lignite (woody lignite)" according to the coal
classification systems of Duparque and Francis, respectively

(Gékmen, 19795).

The coal showe distinct bedding and joint sets. The
thickness of the coal ranges between 15 m and 20 m in the
central part of the Neogene basin, but its thickness
decreases towards the basin margins. The position and the
extend of the coal seam in different directions are shown in

cross sections given in Plate 4.

Based on the Mollusca fossils an age of Middle MNiocene

was assigned to the coal seam (Atalay, 1980).
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