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ABSTRACT: The Gurun basin is a half graben filled by alluvial, fluvial and playa-lake deposits of the GiiriinFormation accumulated
under the N-S directionextensional tectonic regime and volcanic rocks.

The GiiriinFomation is divided into four members such as the Kavak, Gokpmar, Cayboyu and Terzioglu members, and the Cayboyu
Memberhas two different evaporiticoccurrencessuch as seleniticand satin spar. During the firstphase of evaporite deposition,selenitic
gypsum crystals in 5 to 15 cm thick layer within the dolomitic mudstones were formed. The second evaporitic phase consists of four
different levels of cavity filling within the sandstones and shale alternation at the upper part of sequence originated as 5 to 10 ern sized
satin-spar gypsum crystals with white colored, partly orientated, fibrous-radial shaped. XRF major, minor and some rare elements
analyses (La, Ce, Ta, Wand U) and low 87Sr/86Sr (%0) and 834S (CDT) values indicate that meteoric and volcanic solution occasionally
mixed with the lake water.

In addition, low 8180 (SMOW) values in the continental evaporate could be interpreted as mixing of fresh water with the playa lake
environment. Selenitic gypsum in the CayboyuMember of the GiiriinFormation was precipitated from ground water-brine water rich
in humic acid during periodic desiccations of in the shore-lake plain.
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INTRODUCTION

The Neogene Gurnn Basin located in the eastern Taurus
Region, is bounded by the Sucati and Sugul Faults in the
east and the north, respectively. The basin approximately
occupies 100 km', filling by fluvial, alluvial and lacustrine
sedimentary and volcano-sedimentary rocks. The middle
Miocene sedimentary sequence is interpreted by two
formations, such as the Giiriin Formation and the Karadag
Volcanic. The Giiriin Formation is divided into four
members as the Kavak, Gokpinar, Cayboyu and Terzioglu
members (Fig. 1) (Onal et al. 2001). The Giiriin Basin
has been investigated by general geology, hydrogeology,
mineralogy and biostratigraphy (Akkus 1971; Erkan et
al. 1978; Kurtman 1978; Aziz et al.1979, 1982; Aziz and
Erakman 1980; Granit 1990; Atabey et al. 1994; Ceyhan
et al. 2000; Yalcm 2001; Onal et al. 2004). Recently,
several papers dealing with the industrial minerals such as
trona and bituminous shale were published (Helvaci 2001;
Onal et al. 2004, 2006). Also the lithofacies of the Gurun
Formation is interpreted as playa-lake type deposits similar
to that of Eugster and Surdam (1973), Yagmurlu and
Helvaci, (1994), Helvacl (1998) and Yarol et al. (2005).
Playa-lake deposition of the Green River Formation has
been discussed and supported by various workers (Eugster
and Hardie 1975; Surdam and Wolfbauer 1975; Lundell
and Surdam 1975; Surdam and Stanley 1979). There has
been many investigation about playa lakes deposits and
their geochemical properties (Friedman and Sanders 1978;
Hardie et al. 1978; Eugster and Hardie 1978; Lowenstein
and Hardie 1985; Talbot and Kelts 1990; Bellanca et al.

Carbonates and Evaporites, v. 23, no. 1,2008, p. 11-20.

1992; Johannesson et al. 1994). The aim of this paper is to
present sedimentological and geochemical properties of the
playa lake evaporites in the Giiriin Basin.

MATERIAL AND METHODS

Samples were collected from gypsum bodies in the Cayboyu
Member of the Giiriin Formation. These samples were
petrographically analyzed using polarizing microscopy,
as in the study of Mandado and Tena (1986). Detailed
trace elements analyses including isotope analyses (0180 ,
87Sr/86Sr and 034S) of host rock (carbonate and dolomite)
and gypsum were carried out using XRF (Philips PW -1400
X-ray Fluorescence Spectrometer) (Acme Lab., Canada)
and MS (Finnigan MAT 261-8 Mass Spectrometry) (Act
Labs., Canada). XRF samples were powdered in an agate
mortar and the material passed through a 200-mesh sieve.
Then that material was quartered, and 15 g of it was used
to produce pellets. XRF studies were using the standards
ofNorrish and Chappel (1977) and USGS standards for F,
Li, Ba, Pb, and Cu (Gladney et al. 1983) was to determine
the analytical precision. In the sample preparation for
0180 stable-isotope analyses, we followed the procedures
described by Longinelli and Craig (1967). In order to obtain
the SMOW value from the measurements of 0180 PDB,
the procedures of Craig (1961) and Friedman and O'Neil
(1977) were followed and a value of 7.26 %0 was added to
the previous value. The gypsum samples were analyzed
for 87Sr/86Sr using heavy liquids. The NBS 987 87Sr/86Sr
isotope ratio (0, 710265 ± 12) was used as a standard during
measurement. In addition to the 034S CTD measurements,
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the gypsum samples were dissolved, treating them first with
NaOH, and later BaS0

4
was obtained by reacting them with

BaCl
2

at pH=2. The 180 /160 and 34S{32S isotopes of that
precipitate (i.e., BaS0

4
) were identical to those of gypsum

(Hoefs 1987).

GEOLOGICAL SETTING

Turkey is located within the Alpine-Himalayan orogenic belt
at the geological margin between the African-Arabian and
Eurasian plates. The Anatolian region consists of a mosaic
of fragments of continental crust originally scattered all
over the Tethys region. The differential plate motions are
responsible for the young, east and west Anatolian volcanic
activity. Block faulting and North Anatolian transform
movements apparently began in the mid-Miocene (ca.15
Ma). The Anatolian orogenic belts have been shortened
by thousands of kilometers since the Late Cretaceous
(Campanian-Maastrichtian) to the Miocene-Pliocene
(McKenzie and Ytlmaz 1991).

The study area is probably an integral part of the Central
Anatolian Plain provinces and strike-slip basins of eastern
Turkey (Senger et al. 1985). The Giiriin Basin is a fault­
wedge basin (Fig. 1) with symmetrical and asymmetrical
folds (Onal et al. 2001) normal (the Sugul Fault) and strike­
slip faults (the Sucati Fault) (Atabey et al. 1994). During
the middle Miocene, sedimentary sequences in the Giiriin
(south of Sivas) Basin were deposited under the control
of growth fault. The Giiriin Basin was first affected by
the extensional tectonic regime, and than was changed
to a compressional regime during the late-Miocene time.
During this new tectonic phase, NE-SW compressional
regime occurring in the region probably originated from
the movement of the East Anatolian Fault (EAF) (Fig.I)
(Onal et al. 2004).

The rock sequence of the study area is divided into two
main groups: pre-Miocene basement rocks and middle
Miocene units (Figs. 1 and 2) (Onal et al. 2004). The pre­
Miocene basement rocks are Triassic-Jurassic-Cretaceous
and middle-late Eocene in age and consist oflimestone (the
Munzur Limestone) and flysch like sediments (the Yiiceyurt
and Demiroluk Formations). The middle Miocene units
generally consist of siliciclastic, calcareous, bituminous,
and evaporitic sedimentary rocks (the Giiriin Formation)
and volcanic rocks (the Karadag Volcanics). The Giiriin
Formation was deposited in fluvial, alluvial, lacustrine and
playa-lake environments, and its total thickness exceeds
1220 m. It is divided into the Kavak-Gokpmar-Cayboyu­
Terzioglu Members (Fig. 2) (Onal et al. 2001).

The Kavak Member begins with basal conglomerates on
the erosional surface of the basement rocks in the southern
part of the Giiriin Basin, consisting of reddish-brownish
interbedded sandstone-mudstone alternations (Figs. 2, 3,
4A,B) (Ceyhan et al. 2000). Its sedimentologic features
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indicate that the deposition took place in alluvial, fluvial
and mud-flat environments.

The Gokpmar Member is composed mainly of bituminous
shale; conglomerate, clayey limestone and siltstone
interbedded with limestone and mudstone alternations
(Figs. 4C,D) (Ceyhan et al. 2000). The Gokpinar Member
is approximately 270 m thick, and rests with gradational
contact on the Kavak Member. Its lithologic features and
fossils content indicate that it was deposited in a lacustrine
environment.

The Cayboyu Member is composed mainly of sandstone,
siltstone, tuff, gypsum, .lignite and bituminous shale
interbedded with mudstone. Gypsum layers were formed
as lenticular beds (10-25 m) within the mudstones -bearing
dolomites, and include selenitic (5-15 em) and stain-spar
(5-10 em) crystals (Figs. 4 E, F) (Ceyhan et al. 2000).
Bituminous shale and gypsum were probably deposited
in shallow, brackish-water playa-lake environment during
seasonal flooding. Sandstones are reddish-brownish,
lenticular beds (2-8 ern) within the mudstones. The
unit includes a regressive sequence, and is vertically
and laterally gradational with the underlying Gokpmar
Member. The spore and pollen found locally within the
lignite (2-25cm) (Laevigatosporites haardti (R. POTONIE
and VENITZ), Tricolporopollenites microreticulatus
PFLUG and THOMSON, Triatripollenites coryphaeus (R.
POTONE) THOMSON and PFLUG, Tricolporopollenites
densus PFLUG in THOMSON and PFLUG) suggest the
age of the unit to be middle Miocene (Onal et al. 2001). Its
lithologic features and fossils indicate that it was deposited
in a playa-lake environment (Onal et al. 2001).

The Terzioglu Member is mainly composed up of micritic
lacustrine limestone and locally clayey limestone,
silicified limestone, bituminous shale, agglomerate, tuff,
intraformational conglomerate and siltstone interbeds with
Na-carbonate minerals (such as trona) occurrences (Figs.
4 A-C) (Ceyhan et al. 2000; Onal et al. 2004). Micritic
limestones yield locally gastropod fossils in the upper parts
of the sequence. Clayey limestones in the lower parts of
the unit include ostracods and desiccation cracks. Silicified
limestones occur in the upper parts of the unit. The unit
includes a transgressive and regressive sequence, and
its contact with the underlying Cayboyu Member in the
deep parts of the basin (distal part) is gradational, but in
the shallow parts of the basin (namely proximal area), the
contact with the same member is accompanied by a local
unconformity. The lithologic features and fossils indicate
that the member was deposited in playa-lake and lacustrine
environment. The bituminous shale levels were deposited
under anerobic lake conditions (Onal et al. 2001, 2004)

SEDIMENTOLOGY

In this part, the detailed sedimentological properties of the
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middle Miocene of the Cayboyu Member are presented.
This Member crops out in a east-west direction within the
study area (Figs. 1 and 4 E, F) (Ceyhan et al. 2000). The
Type section was measured at Cayboyu village (Fig. 3)
(K38-d2; from N 89.250, E: 47,425; to N 89.00; E: 47.250).
Mudstone is characterized by light green and red-brown
color, medium to thick bedding, rare lamination and bearing
plant debris. Mudstones are interbedded with lignite (2 em
to 25 em), bituminous shale (2 em to 2 m), gypsum (3 mm

to 15 em), sandstone (2 mm to 8 em) and siltstones (2 mm
to 6 em), and its thickness is varied (Fig. 3). The Cayboyu
Member is gradational vertically and laterally with the
underlying Gokpinar Member.

The first type of gypsum deposits within the Cayboyu
Member occur as free growing selenitic gypsum crystals
5 to 15 em sized in the mudstones-bearing dolomites.
Petrographic studies show that these crystals are displacive
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Figure 3. Type sections a/the member a/the Giiriin Formation (after Onal et af. 2004).

gypsum (Fig. 4 G). The discoidal gypsum could be
deposited from exhumation during diagenesis. The second
type of gypsum occurrences was observed as satin-spar.
They are 5 to 10 cm long crystal size, white color; fibrous­
radial shaped, partly oriented and showing zoned growing in
cavity (Fig. 4 H). Field study observation and petrographic
and paleontologic data indicate that these sequences were
deposited in flood plain of shore-lake and/or rarely too
within coastal swamp environments (Bain 1990; Magee
1991; Salvany and Orti 1997; Tiirkmen 2004).

GEOCHEMISTRY

Detailed geochemical results are presented in Table 1 and
2 respectively. In Table 1, the gypsum of the Cayboyu
Member major element values are Si0

2
% 3.20, AIP3 %

0.61, Fep3 % 0.23, MgO % 0.30, CaO % 34.2, Nap %
0.22, x.o % 0.12, Ti0

2
% 0.13, Pps % 0.10, AK % 24.3,

and SO~3 % 39; some rare/trace elements values are Co 16
ppm, Ni 39 ppm, Cu 20 ppm, Zn 6 ppm, Rb 6 ppm, Zr 12
ppm, Mo 6 ppm, Ba 25 ppm, Sr 70 ppm, and rare earth
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A

Figure 4. A) Photograph showing the members ofthe Giiriin Formation (Tgk: Kavak M, Tgg:-66kpznar M, Tgc: Cayboyu
M, and Tgt: Terzioglu M). B) Photograph showing the members of the Giiriin Formation (Tgg: Gokpinar M, Tgc:
Cayboyu M, and Tgt: Terzioglu M). C) Photograph showing Na-carbonate leaching within the bituminous shales in
the middle parts ofthe Terzioglu member (after Onal et al. 2004). D) Photograph showing limestones in the upper parts
of the Terzioglu member. E) Photograph showing satin-spar gypsum crystals between sandstones and shale layers of
the Cayboyu member (Tgc) F) Photograph showing selenitic gypsum crystals between mudstones layers ofthe Cayboyu
member (Tgr) G) Photograph showing displacive gypsum. H) Photograph showing fibrous-radial shaped and zoned
gypsum growing in cavity.
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Table 1. Whole-rock analyses of major oxide, selected trace elements and some rare earth elements of gypsum (selenitic
and satin-spar) samples in the Gurun Formation.

MAJOR OXIDE (%)
Gypsum Si02 Ah03 FeO MgO CaO Na20 K20 TI02 P20S LOI 80=3

Type
Selenite 3,23 0,70 0,3~ 0,33 33,8 0,23 Q,13 0,17 0,13 23,8 38,24

Satin-Spar 2.17 0.52 O.1~ 0.28 34.6 0.21 0.10 0.9 0.6 24.7 39.7

TRACE ELEMENTS (ppm) RARE EARTH
ELEMENETS

Gypsum
Co Ni Cu Zn Rb Zn Mo Sa Sr La Ce Ta W UType

Selenite 20 60 21 6 7 13 9 37 102 15 10 7 5 9
Satin~ 12 18 19 5 4 11 3 13 35 21 8 3 9 7Spar

Table 2. Isotope analyses results (87Sr/86Sr %0, 034S CDT and 0180 SMOW) of gypsum (selenitic and satin-spar) samples in
the Giiriin Formation.

SELENITE GYPSUM SATIN· SPAR GYPSUM
87Sr I 86Sr 81S0 (j34S 87Sr I 86Sr 8180 S34S

(%0) (SMOW (COT) (%0) (SMOW) (COT)
0,710361±8 0,5+ 13,8 O,710269±9 3,8 14,7*

*from Ceyhan etal.. (2000) and Palmer etaI., (2004)
+from Ceyhan etaI., (2000)

elements values are La 18 ppm, Ce 9 ppm, Ta 5 ppm, W 7
ppm and U 8 ppm. High values such as Si0

2
, Sr, Ba, Co,

Ni and Cu and low values of La and W can be important for
sulphate bearing water origin. In Onal et al. (2004), high
Sr, Ba, Co and Zr values were determined from carbonates
of the Giiriin Formation, and positive correlations between
these elements were determined. In addition, it was
observed that there is similar parallelism between some
major and minor elements in the Miocene evaporite of the
Sivas-Ulas basin (Tekin 2001; Tekin et al. 2002) and the
Gurun Basin evaporites.

In Table 2, selenitic and satin-spar gypsum isotopic values
are presented as (87Sr/86Sr (%0) 0.710361± 8, 0180 (SMOW)
0.5 and 034S (CDT) 13.8 for selenitic gypsum, and for
satin-spar are 87Sr/86Sr (%0) 0.710259± 9, 0180 (SMOW)
3.5 and 034S (CDT) 14.7. On the other hand, these isotope
geochemistry results are not similar to Sivas-Ulas Miocene
evaporites data (Tekin et al. 2001; Tekin 2001). Therefore,
the low 0180 (SMOW) data of the selenitic gypsum are
important to determine origin of evaporates, which this
probably to be marked origin of reduction environment
conditions and here biological activity or clastic transported
from basement rocks (Faure 1986; Palmer et al. 2004).

CONCLUSIONS

The middle Miocene Giiriin Basin was characterized by

alluvial, fluvial, flood plain, shore -lake and playa deposits
under an extensional regime (Fig. 5). It was observed that
some economic occurrences that are bituminous shale­
lignite levels and Na-carbonate (trona) are present in the
basin. The Sr values (mean 35-100 ppm) of evaporates
(selenitic and satin-spar types), presented in Table 1, are
lower than those of the middle Miocene massive marine
gypsum Sr values (mean 1500-5000 ppm) in the neighboring
Sivas-Ulas Basin. Therefore, celestite mineralization
could not occur together with the gypsum. However, due
to determination high Sr content in the carbonates and
volcanic rocks, it would be necessary to work on celestite
mineralization in the future.

The geochemical analysis results show that selenitic gypsum
was formed diagenetically from evaporation of S04 rich
from the point of view meteoric water and groundwater's
rich in humic acid during the contraction of the lake plain.
They are primary evaporates facies, resulting from growing
freely upward between sediments and brine water surface.
Low 0180 (SMOW) and La, W values and observed coaly
plant/branch remains indicate this types environments and
formation. In addition, low 0180 (SMOW) values in the
continental evaporates could be interpreted as influx densely
river water into the playa lake environment (Palmer et al.
2004). In addition, 87Sr/86Sr (%0) and 034S (CDT) values
of the selenitic gypsum were lower than those of marine
evaporate. Hydrothermal solution could be originated from
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Figure 5. Schematic depositional modelfor the Neogene deposits ofthe study area (Not to scale).

Karadag volcanic activity Sr values of the tuff from Onal et
al. (2004) also suggested the similar origin evaporates. On
the other hand, it is considered that the vug-filling stain-spar
secondary gypsums were crystallized results hydratisation
of anhydrite pseudomorphs in the conditions lake plain
environment. In the literature, Shearman et al. (1972) and
Gtmdogan et al. (2005) similarly stated that hydratisation
results in cavities are filled by secondary gypsum (satin­
spar types) during the transformation from anhydrite to
gypsum

REFERENCES

AKKUS, M.F., 1971, Geologic ant stratigraphic investigation of
the Darende-Balaban Basin: MTA Bulletin, v. 76, p. 1-60 (in
Turkish with English abstract).

ATABEY, E., BAGIRSAK<;I, S., CANPOLAT, M., GOKKAYA,
K.Y., GUNAL, S., and KILI<;, N., 1994, Geology of the
Gfuiin Kangal (Sivasj-Darende-Hekimhan (Malatya)

18

surroundings: MTA Report, no. 9760, p. 312 (in Turkish
with English abstract).

AZIZ, A., MESHUR, M., and SERDAR, B.S., 1979, Geology
and hydrocarbon potential of the Sanz-Pmarbasi-Kaynak
surroundings: TPAO Report, no. 1357, p. 180, (in Turkish
with English abstract).

AZIZ, A. and ERAKMAN, B., 1980, Geologic report of the
Tufanbeyli (Adanaj-Sanz (Kayseri)-Giiriin (Sivas) town's
surroundings: TPAO Report, no. 1526, p. 100 (in Turkish
with English abstract).

AZIZ, A., ERAKMAN, B., KURT, G., and MESHUR, M.,
1982, Geologic report of the Pmarbasi-Sanz-Gurun town's
surroundings: TPAO Report. no. 1601, p. 286 (in Turkish
with English abstract).

BAIN R.J., 1990, Diagenetic, nonevaporitive origin for gypsum:
Geology, v. 18, p. 447-450.

BELLANCA, A., CALVO, J.P., CENSI, P., NERI, R., and POZO,
M., 1992, Recognition of lake-level changes in Miocene
lacustrine units, Madrid Basin, Spain. Evidence from
facies analysis, isotope geochemistry and clay mineralogy:



ONAL, HELVACI, TEKIN, AND AYYILDIZ

Sedimentary Geology, v. 76, p. 135-153.
CEYHAN, F., ONAL, M., and HELVACI, e., 2000, Geology of

region with bituminous shale, gypsum, trona and the other
economic potential: TUBjTAK YDAB(:AG, v. 565, p. 100
(in Turkish with English abstract).

CRAIG, H., 1961, Standard for reporting concentrations of
deuterium and oxygen-18 unnatural matters: Science, v.
133, p. 1833-1934.

ERKAN, E., OZER, S., SUMENGEN, M., and TERLEMEZ, I.,
1978, Basement geology of the Sanz-Sarkisla-Gemerek­
Tomarza surroundings: MTA Report, no. 6546, p. 278, (in
Turkish with English abstract).

EUGSTER, H.P. and HARDIE, L.A., 1975, Sedimentation in
ancient Playa lake complex: the Wilkins Peak member
of the Green River Formation of Wyoming: Geological
Society ofAmerica Bulletin, v. 86, p. 319-334.

EUGSTER, H. and HARDIE, L.A. 1978, Saline lakes, In A.
Lerman, ed., Lakes, Chemistry, Geology, Physics. Springer,
New York, p. 239-293.

EUGSTER, H.P. and SURDAM, R.C., 1973, Depositional
environment of the Green River Formation of Wyoming: A
preliminary report: Geological Society ofAmerica Bulletin,
v. 84, p. 115-120.

FAURE, G., 1986, Principles ofIsotope Geology. John Wiley and
Sons, New York, 589 p. .

FRIEDMAN, I. and O'NEIL, J.R., 1977, Complication of stable
isotope fractination factors of geochemical interest. In:
Fleischenn. Data of Geochemistry. U.S. Geology Survey,
Professional paper, no. 440, p. 163-178.

FRIEDMAN, G.M. and SANDERS, J.E. 1978, Principles of
Sedimentology. John Wiley and Sons, New York, 792 p.

GLADNEY, E.S., BURNS, c.s., and ROELANDTS, I.,
1983, 1982 Complication of elemental concentrations in
eleven United States Geological Survey rock standards:
Geostandards Newsletter, v. 7, p. 3-226.

GRANIT, S., 1990, Geology and hydrocarbon potential of the
Darende-Giiriin surroundings: MTA Report, No:' 9048, p.
120 (in Turkish with English abstract).

GONDOGAN, I., aNAL, M., and DEP(:I, T., 2005,
Sedimentology, petrography and diagenesis of Eocene­
Oligocene evaporites: the Tuzhisar Formation, SW Sivas
Basin, Turkey: Journal ofAsian Earth Sciences, v. 25, p.
791-803.

HARDIE, L.A., SMOOT, lP., and EUGSTER, H.P. 1978, Saline
lakes.and their deposits: a sedimentological approach, In A.
Matter and M.E. Tucker, eds., Modern and Ancient Lake
Sediments. Special Publication, International Association
ofSedimentologists, v. 2, p. 7-41.

HELVACI, C., 1998, The Beypazan trona deposit, Ankara
province, Turkey: Wyoming State, Geological Survey
Circular, no. 40, p. 67-103.

HELVACI, C., 2001, Trona deposits and economic importances:
Geological Bulletin of Turkey, vA4, no. 3, pA9-58 (in
Turkish with English abstract).

HOEFS, J., 1987, Staple Isotope Geochemistry. 3nd edition,
Springer-Verlag, Munich, 547 p.

JOHANNESSON, K.H., LYONS, W.B., and BIRD, D.A., 1994,
Rare earth element concentration and speciation in alkaline
lakes from the western USA: Geophysical Research Letters,
v.21,p.773-776.

KURTMAN, F., 1978, Geology and tectonic features ofthe Gliriin
Region: MTA Bulletin, v. 91, p. 1-12 (in Turkish with
English abstract).

LONGINELLI, A. and CRAIG, H., 1967, Oxygen-18 variations
in sulphate ions in sea-water and salina lakes: Science, v.
156, p. 1431-1438.

LOWENSTEIN, T.K. and HARDIE, L.A. 1985, Criteria for
recognition of salt-pan evaporites: Sedimentology, v. 32, p.
627-644.

LUNDELL, L.L. and SURDAM, a.c, 1975, Playa-lake deposition
Green River Formation, Piceance Greek Basin, Colorado:
Geology, v. 3, p. 493-497.

MAGEE, J.W., 1991, Late Quaternary lacustrine, groundwater,
Aeolian and pedogenic gypsum in the Prungle
lakes, Southeastern Australia: Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 84, p. 3-42.

MANDADO, lA. and TENA, lM., 1986. A peel technique
for sulfate (and carbonate) rocks: Journal Sedimentary
Petrology, v. 56, p. 548-549.

MCKENZIE, D.P. and YILMAZ, Y., 1991, Deformation and
volcanism in western Turkey and the Aegean: Bulletin of
the Technical University ofIstanbul, v. 14, p. 345-373.

NORRISH, K. and CHAPPEL, B.W., 1977, X-Ray fluorescence
spectrometry: Physical Methods in F. Salvany,
Determinative Minerology. 2nd edition, Academic Press, p.
201-272.

aNAL, M., HELVACI, c., and CEYHAN, F., 2001, Geology of
the Gliriin (Sivas) Middle Miocene Basin: TPJD Bulletin, v.
13/1, p. 119-134 (in Turkish with English abstract).

ONAL, M., HEL VACI, c.. and CEYHAN, F., 2004, Geology and
trona potential of the Middle Miocene Gliriin (Sivas) basin,
Central Anatolia, Turkey: Carbonates and Evaporites, v.
19, no. 2, p. 118-132.

aNAL, M., AYYILDIZ, T., aNAL, Y., and BA~AR, c.A, 2006,
Stratigraphic, mineralogic and geochemical characterization
ofGiiriin oil shales, Central Anatolia, Turkey: Oil Shale, v.
23, no. 4, p. 297-312.

PALMER, M.R., HELVACI, C., and FALLICK, A.E .., 2004,
Sulphur, sulphate oxygen and strontium isotope composition
of Cenozoic Turkish evaporates: Chemical Geology, v. 3-4,
p.341-356. .

SALVANY, J.M. and ORTI, M., 1997, Continental evaporitic
sedimentation in the Ebro Basin during the Miocene. In G.
Busson and RC. Schreiber, eds., Sedimentary Deposition
in Rift and Foreland Basins in France and Spain (Paleogene
and Lower Neogene). Columbia University Press, New
York, p. 420-430.

SHEARMAN, D.1., MOSSOP, G.D., DUNSMORE, H., and
MARTIN, M., 1972, Origin of gypsum veins by hydraulic
fracture: Institute of Mining and Metallurgy Transactions
(Section B), v. 81, p. 149 -155.

SURDAM, n.c. and STANLEY, K.O., 1979, Lacustrine
sedimentation during the culminating phase of Eocene lake
Gosiute, Wyoming (Green River Formation): Geological
Society ofAmerica Bulletin, v. 70, p. 93-110.

SURD AM, R.C. and WOLFBAUER, e.A., 1975, Green River
Formation, Wyoming: A playa-lake Complex: Geological
Society ofAmerica Bulletin, v. 86, p. 335-345.

$ENGOR, A.M.e., GORUR, N., and SAROGLU, F., 1985,
Strike-slip faulting and related basin formation in zone of
tectonics escape, Turkey as a case study. In K.T. Biddle
and N. Christie-Blinks, eds., Strike-slip faulting and related
basin formation: SEPM Special Publication, v. 37, p. 227­
264.

TALBOT, M.R and KELTS, K. 1990, Paeolimnological
signatures from carbon and oxygen isotopic ratios in

19



SEDIMENTOLOGY AND GEOCHEMISTRY OF CENTRAL ANATOLIA, TURKEY

organic carbon rich lacustrine sediments. In Katz, B.1., ed.,
Lacustrine Basin Exploration-Case Studies and Modern
Analogs. AAPG, no. 50, p. 99-112.

TEKiN, E., 2001, Stratigraphy, Geochemistry and Depositional
Environment of celestite-bearing gypsiferous formations,
in Tertiary Ulas-Sivas Basin, Turkey: Turkish Journal of
Earth Science, v. 10, p. 35-49.

TEKiN, E., VAROL, B., and FRIEDMAN, G.M., 2001, A
preliminary study: Celestite-bearing Gypsum in theTertiary
Sivas Basin, Central-Eastern Turkey: Carbonates and
Evaporites, v. 16, no. I, p. 93-101.

TEKiN, E., VAROL, B., AYAN, Z., and SATIR, M., 2002,
Epigenetic origin of celestite deposits in the Tertiary Sivas
Basin: New mineralogical and geochemical evidence: Neues
Jahburch fUr Mineralogie-Monatschaffte, v. 7, p. 289-318.

TORKMEN, L, 2004, Facies and evaporite genesis of the Kuscular
Formation (Lower Paleocene) saline playa complex, Eastern
Turkey: Journal ofAsian Earth Sciences, v. 24, p. 91-104.

VAROL, B., TEKiN, E., AYYILDIZ, T., and KARAKAS, Z.,
2005, Sedimentology oflacustrine evaporites of the Polath­
Sivrihisar Neogene Basin. 58th Geological Congress of
Turkey, p. 113-117 (in Turkish with English abstract).

YAGMURLU, F. and HELVACI, C., 1994, Sedimentological
characteristics and facies of the evaporite-bearing Kirmir
Formation (Neogene), Beypazan Basin, Central Anatolia,
Turkey: Sedimentology, v. 41, p. 847-860.

YAL<;IN, H., 2001, Mineralogy and geochemistry of Central
part of Sivas-Gurun Neogene Lacustrine Basin, Central
Anatolia: Bulletin of Faculty Eng. of Cumhuriyet Univ.,
Serie A-Earth Sciences, v. 18, no. 1, p. 11-25 (in Turkish
with English abstract).

20


