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GEOLOGYAND STRATIGRAPHY OF THE CAINOZQIC SEDIMENTARYROCKS
IN THE KALE-KURBALIK AREA, DENiZLi, SOUTHWESTERN TURKEY

H.Yavuz HAKYEMEZ*

ABSTRACT.— In this work, the geological and stratigraphical characteristics of the Cainozoic sedimentary rocks exposed at the
Kale-Kurbalik (SW Denizli) area have been investigated. In the study area the Palaeozoic and Mesozoic rocks form the basement
rocks and are overlain by the Oligocene to the Quaternary aged sedimentary rocks. The Tertiary rocks have been considered in
two groups, namely the Akcay group and the Mugla group. The Oligocene to the Burdigalian aged Akcay group is represented by
the Karadere, Mortuma, Yenidere, Kiinar and Kale formations. During this time interval, mostly the terrestrial fine and coarse
clastics were deposited, but in the last stage of this time shallow marine carbonates were sedimented on the some parts of the re-
gion. There is an angular unconformity between the Mortuma and the Yenidere formations of the Akcay group; others are con-
formable to each other. The Akcay group is 4100 meter thick. The Upper Astarasian (Middle Miocene) to Pliocene aged Mugla
group which overlies the Akcay group uncorformably is formed of the Sekkoy, Yatagan and Milet formations. During this time
interval, the lacustrine siltstones and carbonates and the terrestrial coarse elastics were deposited. The formations of the Mugla
group are conformable and gradational to each other. The Mugla group is 550 meter thick. The Quaternary deposits have been
considered in two units, namely "Lower" and "Upper" Quaternary sediments. Only the Mortuma formation of all units of the
study area is gently folded, but others have low degree dips. Tectonic activity has played a big important role in the forming of
the various sedimentary basins which have been generated since the beginning of the Oligocene up to the present.

INTRODUCTION STRATIGRAPHY

This study was carried out on the quadrangles PALAEOZOIC AND MESOZOIC
M 21- c4d3 and N 21-a2,bl of the Kale-Kurbalik areca

(SW Denizli ). This area is of considerable importance Basement rocks
to evaluate the Cainozoic geology and stratigraphy of

the SW Anatolia (Fig. 1 ). The fieldwork was under-

Since the basement rocks are not the subject of
this study, only their lithologies, which are important

taken between 1979 and 1981. In this region, the previ-
ous researchers confirmed important geological data,
ie. Altnli (1955 ), Dizer (1962 ), Becker-Platen (1970),
Liittig and Steffens (1976), Becker-Platen et al. (1977 ),
Benda and Meulenkamp (1979), Gokcen (1982) and
Hakyemez and Orcen (1982) (Fig.2). The first geological
research in the area was carried out by Altinli (1955).

Becker - Platen (1970) contributed much to the un-
derstanding of the whole region. Liittig and Steffens

(1976) played a significant role in the interpretation of
the palacogeographic evolution of the region. Hakye-
mez and Orcen (1982 ) studied the region in detail. The
investigators were concerned mainly with the palacon-
tological or chronostratigraphical aspects of the study
area.

to define the source areas, were shortly described. The
main lithologies are quartzite, marble, metamorphic
schist, limestone, radiolarite and ophiolite. According
to Altinlt (1955) these rocks were formed during the

Palaeozoic and Mesozoic time interval.
CAINOZOIC

The Cainozoic aged rock units, which form the
subject of this study, overlie the Palacozoic and Meso-
zoic basement rocks. The Cainozoic aged rock units are
composed of the Akcay and the Mugla groups, and the
Quaternary sediments (Fig. 3 ).

Akcay group

The Akgay group, mainly composed of conti-
nental and partly lagoon and marine elastics and car-
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GEOLOGICAL MAP OF THE CAINOZOIC SEDIMENTARY ROCKS M THE KALE-KURBALIK{SW DENZLI) AREA
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Fig.1— Geological map of the study area,

bonates deposited during the Otigocene to the Burdi-
galian time interval, consists of the Karadere, Mortuma,
Yenidere, Kiinar and Kale formations. The Akcay group
is 4100 m thick. It has a large outcrop in an area be-
tween Akgay, Karagol village, Kirtag hill and Habip-
ler village, and it crops out in the region between Mug-
la and Denizli out of the studied area.

Karadere formation.— This formation was named
as the Karadere member by Hakyemez and Orgen
(1982) formerly. The type section of the formation is
located along the Masit creek, 1 km east of the old Ka-
le town. The Karadere formation is dark red and olive
green in colour. The conglomerates in the formation
were derived from mainly ophiolites and some marbles
and limestones. The Karadere formation is formed of
five different fades. The first fades is found in the

lower part of the formation; the second one appears in
the middle and upper parts; the third facies character-
izes the middle part; and the last two facies belongs to
the upper part:

1. Very poorly sorted conglomerate and mud-
stone: This facies is formed of matrix-supported, very
poorly sorted, thick to very thick of massive bedded
conglomerates and mudstones with similar properties.
The bases of beds are erosive or straight and sharp, and
the gravels are subangular to subrounded. This fades
represents the debris flow deposits (Bull, 1972).

2. Cross— and parallel-bedded conglomerate and
sandstone: These are grain-supported, poorly to moder-
ately sorted, planar cross-to parallel-bedded conglome-
rates and trough cross-bedded pebbly sandstones. Gra-
vels are subrounded to subangular, and the gravel im-



KALE-KURBALIK AREA (DENIZLI) SW TURKEY 3

£5u
I —
o o KATLAR-Stoges CALISMALAR
% Fravous.
| W - - ks ——
=3l dg £y 1ETS KARBSAL ORTE PREIETiS | ESKDEN Nl )
§§ o éé |l 8| waTLami KATLAR{Z ) WATL&RI{T) :mn" ALTING L€ [1955] | GECHER-PLATEN SO GOMCEW W 0562}
ig "5-:5. ag ﬁé SE| Tethrs stopes | Contieriol stues | Control Fomkethis| Fomerty used
s Soges HAKVEMEZ, HViEF) (o) o tac)
A B c 5 18,8} .
. E‘E Coliel - bam. Al yor Aluiyah, Yooy Malozy
g 2 F. rovel ~tand AL m Al wviym, slope delred
xdg
L
£
am o ; 3 ¥ignt: ke, thneirten, Fluvipatl e Inmiih -
53 Cakittoy - pomurbos | yomeg moladu ot cokplin
Conglomirdte-mudiions | Debny o, Irswerisng, | Flpestly ond Inene -
ER| SgF, So Aiotils segmecky
- —
F 2t g ViLLANIYEN RUMAMIYEN z [
. tuy, goahrogmdly O,
2% VILLANYIAN RoMam AN e ¢ i silltug! o dotonfros.
G H Hilwt Fin.
o = H
Eae T g - al El U - grtvin g el outigay [P
i 4 RUSKINITEN DASIYEN FE EE]
s e el I AAHAN DagIaN as ] Gres ve baik vl Tobokalon
~ e P9
MESSIMIYE N R layert
- MESEM AN e 1-ps
-] TIHCOMEY, WY Marocan, Nl-
Sz ToROLIVEN PONEITEN o Kraston canus taven L
L H TiOU AR POMTIAN =4 - Morocmu
= § M 5‘;| 7 "":“?“" rF"" Conghrmersie b | o Leress
= |32 romvomven b P ¥elojon Frn wovalz m"‘""" —
- . TOATOMIAN =3 — Hare, mamir betas, ] womgm
» HEF Howchog, burkon,
" FALLESIYEN FoHMONITEN BEEIM oot NI 83
o =l - EY- WALLESIAN FANMOMAN JEE g . hiregh \
- SARMASIYEN | SARmWAT coAtay duziy Ni-Bi
R SARNATIAN s 5058 | Seuhoy Fm [V "o @
u e s Sehiey Fm Liverstrn, ndibons ond H'l‘ T
5 i ] [N
ol 2 (5| sermawmsives | astamasiven ) ] bovglutsioalios. caivy I
) = o| SEMRAwaLIAW ARTARASIAN BADENIYEN F l f i
, |xE BADDNAN Bziz. |3 Y || s mrwctas:
-3 § g : 1] emestna weem
7| = st HEHE] T
LEKGIVEN F1LN 1| Tobon coMites:
e cF LANTHUAN § g:; ][] ]| 2t sompremmtecte 1)
a :fm'u'.xf" R =~ b HI-8&%
o — = s it "Kmh:. mom, sl I,
e OTHANGITEN " = - um
> a HTTMANGIAN a % - e Kale Fm | Lumestone, mert, vittatars, Wi-A3
Z p| BURDIRALIVEN RLEAMYEN _F// N o Fom ~Mple Faf soritio
W e || SURBIGALAR R EANIAN . z iner Farye ™ T TY Damizel Warachos,
Mo °3 EGGE NBLRGITEN g il ! 1 E T morm. kum ve eoea WAl
_jEg EQGEMBUREIAN i H e h Fitma Lamritena, mal,
~ - T ~-E '—-,_)_ t l send gad gala HE =&
-| e fo M
o | RKITAHYEN | asEMIYEW AR TR Yirwdera Fm humian, cokiltasi
ACLITAMIAR ABENAR “SATTHEN" Yendure Fan andaohmat "1
“ PEHATTIAHT Liswpiong, ghata, mert, Tow -
ondlany ard Cangiowrss iy malag Y T
x z . ECERIYEN oo Butigel - Brokig ][ i [ l E,
M . :
x| . (L] Mortuma Fr | MO subtog, hustos, w;him-il ?m.::u. i | 1 ;
3| | sattiven ARVERNITEN Mastuma Fan - Frdiapim, ot g | 10170050+ Eosan N i
- ;§ CHATTIAN ARVERMI AN .*":r oot V
= =l h
ol wjo =] Wi, pitytery, famptont Friahwier molmor eed b
> ! ﬁ fredyicsd "m“h' My = DA gl s = !
z = Frf sl fyrch, ename et Irehowcter
- ratray malmat
L] RUFELIYEM SUEYEN T [ v
b4 MFELLAN SIEWIAN I i w;m " 101yuemn s Eanera}
= - . 1 1 il R
= [ LaTTGRFITEN HEADONIYEN i i Bemal complomarate of
LATTORFIAN HEADOMAN I l | red mar
" | )
TEMEL KaracLam | Eimal sens Pebristalize foricion
OLIGISEN {Falb o+ Magotopic) [ 161 Masazopk) U Keetoza?)
ONCESH MASEWENT ROGHS Eimol vene P Recrystatizes Lomstam
Ralouttic » Migormes | VPR Mramc HAXACL AR Wpenr Grvtueacna®]
Pre -Oligncere PRE- TERTIARY ROCKS
O Stenner & RogLIs TS 7%} {174) m {rby

Fig.2~ Stratigraphical correlation chart.

brication is common in the parallel beds. The conglo-  gravels are subangular to subrounded and the gravel

merates grade into sandstones laterally and they alter-  imbrication is absent. This facies has been interpreted

nate vertically. This fades represents the braided chan-  as sieve deposits (Hooke, 1967).

nels and bars. 4. Parallel-laminated and cross-bedded sand-
3. Parallel-bedded conglomerate: This faciesis  stone : This facies is formed of coarse sandstones with

made up of grain-supported, moderately to well sorted,  cross-beds or upper flow regime parallel lamina. The

parallel and wide lenticular bedded conglomerates. The  cross-bed sets are solitary in general. In any case, the
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thin bedded and moderately sorted mudstones overlie
the sandstone beds. These are interpreted as sheet flood
deposits (Rahn,1967; Bull, 1972).

5. Thin bedded mudstone: The moderately sorted

and thin pardld-bedded mudstones form this fades.
The facies contains scattered gypsium crystds. They

are interpreted as overbank deposits.

The Karadere formation has a fining upwards se-
quence. This formation covers the basement rocks un-
conformably; but trangtionally grades into the Mor-
tuma formation with which it interfingerslaterdly. Its
thickness is up to 425 m at maximum. There is no fos-
dl in the formation except some destroyed plant fos-
sl traces, s0 the ages of the formation was defined as
Oligocene in relation to that of the Mortuma forma-
tion. The depositional environment is considered as a
semi-arid and retrograding alluvial fan.

Mortuma for mation,— This formation was desg-
nated by Hakyemez and Orgen(1982) formerly. Thefor-
mation has its typica outcrop along the Mortuma
creek bcated to the west of the study area. The type
section of the formation is seen dong the Mast creek.
The lowermost part of the formation, which is some
180 m,is composed of mainly yellowishbrown and grey
coloured, pardld-and cross-bedded conglomerate and
sandstone alternation. The properties of this part of
the formation is similar to the 2nd facies of the Karade-
re formation. The rest of theformation, which is about
2200 m thick and yelowish brown, gray and green
coloured, is formed of the cyclic units, beginning with
conglomerates, continuing upwardswith cross to paral-
lel-bedded and laminated sandstones, ending up with
thin lignite-bearing sltstones and claystones interca
lated with sandstones. Five facies were differentiated
in this cyclic alternation :

1 The firg facies is formed of 1560 m thick
cydes In the lowermost part, on an erosve base, there
is a poorly sorted, extra- and ultra- formationa lag
congiomerate(Laury, 1971) containing a coarse sand-
sone matrix. This conglomerate is overlain by trough
cross-bedded pebbly sandstones with some pardld-la
minated levels Findly, the cycle ends with the cross

laminated sty sandstones and paralel-laminated silty
sandstones respectively. This facies represents the me-
andering-rfver point-bar deposits (Allen, 1964, 19653,
1965b,1968,1970; Simonset d., 1965).

2. The second facies is formed of 2-4 m thick
cross-bedded pebbly sandstones and pebblestones over-
lying cross-laminated sandstones. This facies grades in-
to the first facies laterally and has been interpreted as
intra-channel bars and sand-waves(Harms, 1975; Allen,
1968; Smith, 1970,1971).

3. This facies congsts of strongly bioturbated,
fine to very fine sandstone and dltstone dternation
with plant fossls. The sandstones are characterized by
thin layers, cross and parallel-lamination and climbing-
ripples wheress the sltstones are very thin layered and
parald-laminated. This facies is interpreted as natural
levee and crevasse-gplay deposits (Coleman, 1969).

4. This facies is composed of paralld-laminated
sltstones and claystones with some parallel-laminated
very fine sandstone intercalations. It dso contains thin
lignite beds, cdiche nodules, laminated caliches, thin-
walled pelecypods and plant fossils. The bioturbation is
strong. This facieswas deposited in aflood plain (Allen,

1964,19653).

5. Strongly bioturbatedsiltstones,claystones and
sty very fine sandstones with abundant plant remains
form this facies. The facies dways overlies a trough
cross-bedded sandstone sequence and it grades into
first facies laterally. The depositional environment of
this facies is assumed to be ox-bow lake(Allen, 19656;
Bernard and Mgjor, 1963).

This formation is characterized by a fining
trend in terms of grain Sze verticaly as well as later-

dly in a northeast direction. The Mortuma formation
has faulted boundaries with the basement rocks, the
lowermogt part of the Mortuma formation interfingers
with the Karadere formation but the rest of the forma-
tion overlies the latter gradationally upwards. In the
study area, some thin walled pelecypods and some frag-
ments of plant fossls together with pollens were found
only in the lithologies of dltstones and claystones of
the formation; but in the lagoonal part of the forma-
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Fig.3— Generalized stratigraphical section of the study area,
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tion out of the study area, which lies 4 km south of
Cukurkoy located to the east of Tavas town, the fol-
lowing fossils were found: Foraminifers such as Oper-
culina ammonoides and Miliolidae, gastropods such as
Ampullina (Ampullinopsis) cf. bourcarti, Barbatia (Bar-
batia) albanica, Tympanotonus sp., Potamides sp. to-
gether with some ostracods and fish teeth. According
to this fossil content, the age of the formation is the
Upper Oligocene. The lower 180 m part of the forma-
tion was deposited in a braided-river environment,
whereas the main part was sedimented in a meandering-
river.

Yenidere formation.— Hakyemez and Orcen
(1982) differentiated and named this formation for-
merly. The typical outcrop of the Yenidere formation is
found along the Yenidere creek between the Narli and
Yenidere villages. The type section of the formation is

exposed along an intermittent stream running from the
south of the Kuzlualan hill to the Yenidere creek. The

Yenidere formation consists of five levels which have
different characteristics:

1. The first level contains three facies. These are
(a) very poorly sorted conglomerates and mudstones,
(b) cross- and parallel-bedded conglomerates and (c)
The
first facies is formed of very poorly sorted, matrix-

parallel-laminated and cross-bedded sandstones.

supported and massive or thick to very thick parallel-
bedded conglomerates with subangular gravels, and
very poorly sorted and parallel-bedded mudstones with
small boulders. These are debris flow deposits. The
second facies is composed of poorly sorted, grain-
supported, and planar cross-bedded and parallel-
bedded conglomerates with subrounded to subangular
and occasionally imbricated gravels. The bases of
the beds are erosive. These are braided-stream deposits.
The last facies consists of parallel-laminated and
trough cross-bedded sandstones with some thin mud-
stone

interlayers. These are sheet flood deposits.

2. The second level is similar to the 2nd facies of
the first level. But the second level is dominantly formed
of cross- and parallel-bedded conglomerate whereas the
Ist facies forms the first level mainly. The sediments of
the second level are braided-river deposits.

HAKYEMEZ

3. The third level contains,five facies: (a) The
first facjes is made of 2.5-8.0 m thick cycles which
show a rhytmic alternation. In the lowermost part of
the cycles, poorly sorted lag deposits with coarse sand-
stone matrix overlie the underlying cycle with an
erosive base. The lag deposits consist of intraclasts in
the upper part of this third level whereas they are
mainly composed of extraclasts in the lower part.
Intraclasts are sandstone, siltstone and claystone gra-
vels, silisified plant fragments and lignite clasts. The
trough cross-bedded sandstones with some parallel-
laminated medium to coarse sandstones overlie this
unit. The uppermost part of the cycle is formed of
trough cross-laminated, silty, fine to very fine sand-
stones, sandstones with climbing-ripple laminae, and
parallel-laminated and bioturbated fine to very fine
sandstones. This facies represents the meandering-
river point bar deposits, (b) The second facies is
composed of 14 m thick planar cross-bedded pebbly
sandstones. It grades into 1st facies laterally. These
are intra-channel sand-wave deposits, (c) This facies
is rare in the sequence of the formation. It is formed
of trough cross-bedded, parallel-laminated and fine to
very fine grained silty sandstones with some climbing-
These are

(d) The
fourth facies is made up of thin, clayey limestone inter-

ripples, and parallel-laminated siltstones.

natural levee and crevasse-splay deposits,

layered, parallel-laminated siltstones and claystones. It
contains some lignite beds ranging from a few mm up
to 1.8 m, caliche nodules, plant remains and some fresh-
water gastropod fossils. The bioturbation is common.
The depositional environment is a flood plain, (e) This
facies is characterized by strong bioturbation and is
composed of silty, fine sandstones and siltstones. It
is interpreted as ox-bow lake deposits.

4. This level composed of thin elastics containing
lagoon fossils is formed of four facies: (a) The first fa-
cies is fine sandstone interlayered, bioturbated silt-
stones and claystones with gastropods, pelecypods, rare
foraminifers (Ammonia beccarii), fish teeth and plant
fossils. The fossils are lagoon forms and the sandstones
are storm sand layers (Hayes, 1967). This facies cha-
racterizes the bottom of a lagoon, (b) The wave-rippled
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sandstones made up of 30-80 cm thick layers with thin
heavy mineral lamina form the second fades and over-
lie the first facies with an alternating gradation. This
facies was deposited in the subaqueous part of a lagoon
beach above the wave base, (¢) This facies contains the
units composed of flaser-bedded siltstone - wave and
current ripple cross-bedded fine to medium sandstone
alternation, and coarse sandstone-siltstone alternation.
The coarse sandstones are characterized by primary
current lineation. The facies was deposited in the sub-
aqueous part of a lagoon beach during and after the
storm waves flooding into the lagoon, (d) Fine to me-
dium sandstones made up of parallel-beds or cross-beds
dipping 10° at maximum form this facies. The facies
contains macrofossil shells and shell fragments. The
thickness of the set of cross-beds is 1 m at maximum.
These are interpreted as the deposits of the upper
shoreface of a lagoon (Elliott, 1978).

5. This level is composed of sandstones with ma-
rine macrofossils and contains two facies: (a) This fa-
cies is formed of planar cross-bedded fine to medium
sandstones which contains some marine macrofossils
and heavy mineral lamina. The dips of the cross-beds
change from 2° up to &. These deposits characterize
marine upper shoreface. (b) The second faeies is rep-
resented by trough cross-bedded and high-angled pla-
The bedding was de-
stroyed by roots in some places. The erosion surfaces

nar cross-bedded sandstones.

between the beds contain iron oxide. These are assumed
as sand dune deposits (McKee,1957).

The Yenidere formation overlies the Mortuma
formation unconformably and the overlying Kiinar
formation covers the formation conformably. The
thickness of the unit is 1150 m at maximum . The Yeni-
dere formation contains the following fossils above the
830th meter: Ammonia beccarii and gastropods such
as Melanopsis cf. bonelli bonelli, Terebralia cf. bidentata
bidentata,
panotonus) margaritaceous cf. var. tabana, Turritella

T. cf. subcorrugata, Tympanotonus (Tym-

(Turritella) cf. gradata and Galeodes lainei .together
with some pelecypods like Gryphea (Crassbstrea)
gryphoides crassissima, Ostrea cf. fimbriata and Ana-
dara (Anadara) aff. turonica and pollens. According to

the gastropods and pelecypods, the age of the forma-
tion is the Aquitanian. The described levels in the for-
mation characterize different depositional environments
these are from bottom to upwards alluvial fan, braided-
river, meandering-river, lagoon and beach.

Kiinar formation.— This formation was named as
the Karakaya member by Hakyemez and Orcen (1982)
formerly. The Karakaya member was designated in a
later work as the Kiinar formation by Hakyemez (1987).
The type section of the formation is in Yenidere village.
The Kiinar formation is yellowish grey coloured and is
mainly formed of three facies:

1. Poorly sorted conglomerate: These deposits
are matrix-supported, poorly sorted, parallel-bedded
conglomerates. The bases of the beds are sharp or ero-
sive. Gravels were derived from quartzite, marble and
radiolarites. Boulders are common in this facies. These

are interpreted as debris flow deposits.

2. Cross- and parallel-bedded conglomerate and
sandstone: The trough and planar cross-bedded conglom-
erates and sandstones form this facies. The conglomer-
ates are medium to well sorted and occasionally imbri-
cated. Gravels are derived from quartzite, marble and
radiolarites. The conglomerate and sandstone beds
are gradational laterally, and they alternate vertically.
Sandstones are dominant in the facies. These deposites
characterize the braided and low-sinusoity river chan-
nels and bars (Collinson, 1978).

3. Cross -laminated sandstone and parallel-lami-
nated siltstone: The trough cross-laminated fine sand-
stones form the lower part of this facies. The upper
part of the facies consists of parallel-laminated silt-
stones. The facies is a few tens of cm in thickness. It
was deposited in the abondoned braided-river channels
and/or on the bars before the lower flow stages(Cole-

man, 1969).

The Kiinar formation overlies the Yenidere
formation conformably and it has been stated that the
Kiinar formation is the continental equivalent of the
Kale formation. Although the SekkOy formation uncon-
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formably rests on the Kiinar formation according to
chronostratigraphical setting, it is the Yatagan forma-
tion that overlies the Kiinar formation unconformably
in the study area as the first unit on the Sekkoy for-
mation. The thickness of the Kiinar formation changes
from 50 to 70 meters. The formation contains no
fossil. Its age is defined as Burdigalian correlating with
the Kale formation. Although the first facies represents
debris flows at small alluvial fans; this formation was
formed in a fluvial environment, apparently charac-
terized by an anostomosed (braided and low-sinusoity)
river type.

Kale formation.— This formation was formerly
named by Altinli (1955) as the "Kale Marine Helveti-
an". Later, Hakyemez and Orcen (1982) designated
the unit as the "Kale formation". The formation has
typical outcrops in Kale town and its type section is
along NW slope of the Kepez hill. The Kale formation
is yellowish white in colour. In the lower part of the
formation, sometimes there is a few meter thick
conglomerate-sandstone alternation, but in general, the
lower part is composed of a thin sandstone-conglomer-
ate alternation overlying the 30-70 cm thick transgres-
sive lag deposits. The rest of the formation is formed
of limestones. Various facies are defined in these three
levels:

1. The first level composed of conglomerate-
sandstone alternation contains two facies: (a) Thin
and parallel-bedded conglomerates in granule size,
and trough cross-bedded pebbly sandstones in the
form of solitary sets form the first facies. It contains
medium and parallel-bedded and reddish brown col-
oured mudstones occasionally. This facies is inter-
preted as sheet flood deposits, (b) Matrix-supported,
medium to poorly sorted, planar cross-bedded and pa-
rallel-bedded conglomerates, and trough cross-bedded
and parallel-bedded sandstones form the second facies.

The bases of beds are erosive and gravels are subrounded.

Both lithologies are gradational laterally and alternate
vertically. These are braided-stream deposits.

2. Two facies were defined in this level: (a) The
first facies is transgressive lag deposits forming a 30-70

cm thick level in the lowermost part of the formation
which is composed of macrofossiliferous sandstones
including subangular to angular boulders and gravels.
(b)The parallel-bedded and trough or low-angled planar
cross-bedded , macro and microfbssiliferous fine to

medium sandstones, and low-angled planar cross-
bedded conglomerates form the second facies. These

are beach deposits.

3. Five facies are defined in the limestone
sequence: (a) The first facies is formed of thin to
medium bedded clayey limestones with ahermatypic
corals, abundant ostracods, bentbnic and rare plankto-
This
facies is very limited and was probably deposited in

nic foraminifers, gastropods and pelecypods.
a nearshore part of a carbonate platform close to a
river mouth effected by cold currents(Stanley, 1979)
where terrestrial silt and clay influx was introduced
into the carbonate sedimentation, (b) The parallel-
and cross-bedded bioclastic limestones with abundant
Miliolidae, Neoalveolina and some Miogypsina form
this facies. It also contains gastropods, pelecypods,
hermatypic corals, red algae and echinid spicules.
These limestones are packstones in general, but the
cross-bedded limestones are grainstones. Cement is
microsparite. This facies was deposited in a nearshore
area partly protected from wave effect and is similar
to the 8th facies of Wilson (1975)'s standart facies
belts. The cross-bedded limestones imply that the long-
shore currents were also effective during deposition,
(c) The third facies is thin to thick parallel-bedded
clastic limestones with abundant Miogypsina, Operculi-
na and Amphistegina. These limestones are packstones
and wackestones, and contains red algae, bryozoa, her-
matypic corals, gastropods, pelecypods and annelids.
The cement is microsparite. This facies was deposited
in a relatively deep open platform (7th facies belt of
Wilson, 1975). (d) The fifth facies is characterized by
thick to very thick parallel-bedded reef limestones
mainly composed of hermatypic corals and algae. It
also contains some bryozoa, binding foraminifers
(Acervulinidae) and echinid spicules. According to
Dunham (1962)'s classification, these are boundstones
and characterize the patch reefs in a semirestricted plat-

form . (e) This facies is characterized by limestones
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which are completely formed of fragments of reefs
bounded by a packstone matrix. It contains echinids,
corals, algae, pelecypods and less foraminifers, and
could be correlated with 4th facies belt of Wilson
(1975).

In the study area, the Kale formation overlies the
Mortuma formation with an angular unconformity. But
in terms of its chronostratigraphical setting, it is
considered to be overlying the Yenidere formation,;
and it has been accepted as the shallow marine equiva-

lent of the Kiinar formation. According to chronostra-
tigraphical setting, the Sekkdy formation unconform-
ably rests on the Kale formation, however there is not
any other unit on the Kale formation in the field. The
thickness of the Kale formation is about 100 m. The
Kale formation contains abundant foraminifers, ostra-
cods, corals, algae, gastropods and pelecypods. Most
importantimes of these fossils follow as :

Foraminifers: Neoalveoline melo, Miogypsina (Mi-
ogypsina) irregularis, M.(Miogypsina) intermedia, Mio-
gypsinoides aff. dehaarti, M. grandipustulus, Amphiste-
gina cf. lessonn, Lepidocyclina (Eulepidina) cf. favosa,

Ammonia beccarii.

Gastropods : Terebralia bidentata bideritata, Gale-
odes lainei, Tympanotonus (Tympanotonus) margarita-

ceous, Ficus (Fulgoroficus) conditus.

Pelecypods: Ostrea (Ostrea) lamellosa boblayei,

Ostrea edulis var adriatica.

Corals: Paleoplesiastraea desmoulinsi, Defrancia
irregularis, Favia melitae, Aquitanastraeaguettardi, Tar-
bellastraea cf. eggerburgensis, Acropora cf. exarata, Po-
rites cf. collegnian, Acanthocyathus versicostatus, A.
verrucosus, A. transilvanicus, Balanophyttia varians, B.

concinna.

According to these fossils and especially occur-
rence of M. (Miogypsina) intermedia species, the age of
the formation is defined as Burdigalian.

The unfossiliferous conglomerates and sandstones
in the lower part of the succession were deposited on a
lower alluvial fan whereas the fossiliferous sandstones

and conglomerates were sedimented on a beach trans-
gressively. The limestone facies are the product of
a shallow carbonate platform.

Mugla group

The Mugla group, composed of lacustrine and
continental sediments deposited during Late Astarasi-
an-Pliocene, consists of the Sekkdy, Yatagan and Milet
formations. The Mugla group is 550 m thick. It crops
out around Tekerler, Sararlar, Muslugiime, Belenkoy,
Adamharmani, Avdan, Payamcik and Karakdy villages,
and it covers extensive areas in the region between
Mugla and Denizli.

Sekkoy formation.— This formation was firstly
named by Becker-Platen (1970) as "Sekkdy layers” and
later it was designated by Atalay (1980) as "Sekkoy
member". Finally, Hakyemez and Orcen (1982) re-
defined this unit as the "Sekkdy formation". The
typical outcrop of the formation is located on aslope
in the north of Narl village, the type section is exposed
along an intermittent stream in the north of the same
village. Three facies are defined in the Sekkoy forma-
tion. From bottom to upwards these follow as :

1. Lignite-bearing siltstones: This facies forms
the lowermost 50 m part of the formation. It is com-
posed of gray coloured, thin to medium parallel-bedded
and laminated siltstones containing 1 to 200 cm thick

lignite interbeds. Plant remains and gastropod shells
form abundance zones in some places, and the bio-
turbation is high.

2. Clastic limestone: These are white coloured,
thin to medium parallel-bedded and occasionally
cross-laminated limestones. This facies is 1-2 m thick
and overlies the previous facies.

3. Clayey limestone-micritic limestone-calcareous
siltstone alternation: This facies forms the uppermost
and thickest part of the formation; and it is white
coloured, thin to medium parallel-bedded and tuff
and tuffit interlayered. It contains abundant organic
material.

Although the Sekkoy formation rests on the Kale
and Kiinar formations according to chronostratigraph-
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ical setting, it unconformably overlies the Yenidere
formation which is the first underlying unit of these
formations in the study area. On the other hand, it
conformably overlies the Middle Astarasian aged me-
andering river deposits out of the study area, which
was named as "Turgut formation" by Hakyemez and
Orcen (1982). The Yatagan formation covers the
Sekkoy formation conformably; its thickness is 150 m
at maximum. Some ostracods such as Candona cf.

neglecta and Cytheridae, gastropods such as Pseudoam
nicola sp.,Valvata sp. and Planorbidae,and pollens were

found in the formation. Since these fossils are not
characteristic to determine the age of this formation,
the age determination has been based on the vertebrate
fossil data of Atalay (1980) and radiometric measure-
ments of Becker-Platen et al. (1977) (11.1 + 0.2 my
and 132 + 0.35 my). The writer agrees with Atalay
(1980) that the age of this formation is Upper Astara-
sian (Latest Middle Miocene). The first facies which
forms the lower part of the formation was sedimented
in a swamp; the second one characterizes a lacustrine
beach; and the last facies was deposited in lacustrine
environment. The source of the tuff and tuffit layers
was probably located in the Bodrum region (Ercan et
al., 1981).

Yatagan formation.— Becker-Platen (1970) de-
signated the formation as Yatagan layers" formerly.
Later, Atalay (1980) used the name of the "Yatagan
formation" in his work. But Atalay's Yatagan forma-
tion also includes the Milet formation (in this paper)
and he named the unit the "Bayir member"”, which is
equivalent of the Yatagan formation in this study.
Finally, Hakyemez and Orgen (1982) differentiated
and designated the unit as the Yatagan formation.
The Yatagan formation has its typical outcrop around
Adamharmani village; the type section is along an
intermittent stream running to the south about 1.2
km east of the same village. The Yatagan formation is
reddish brown in colour. Five facies are defined in the
formation:

1. Very poorly sorted conglomerate and mud-
stone The matrix-supported, very poorly sorted,
massive or thick to very thick parallel-bedded conglom-
erates and mudstones with similar properties form this

facies. The bases of beds are erosive or straight and
sharp, and the gravels are angular to subrounded. These
are interpreted as debris flow deposits.

2. Cross and parallel bedded conglomerate and
sandstone: This facies is formed of grain-supported,
poorly to medium sorted, planar cross-bedded and par-
allel-bedded sandstones. Gravels are subrounded and
occasionally imbricated. The bases of beds are gener-
ally erosive. Both lithologies are gradational laterally
and alternate vertically. This facies represents the

braided-stream channels and bars.

3. Parallel-bedded, well
These are matrrix-supported,weli sorted and parallel-

sorted conglomerate:

bedded conglomerates. Gravels are subangular and the
gravel imbrication is absent. This facies represents sieve
deposits.

4. Parallel laminated and cross-bedded sandstone:
Thick parallel-laminated and trough cross-bedded coarse
sandstones with some conglomerate sheets in granule
size form this facies. In a single level, conglomerate
sheets grade from parallel-laminated sandstones to
cross-bedded sandstones respectively in the direction
of downstream.

5. Thin bedded mudstone: This facies is formed

of moderately sorted and thin bedded mudstones with
dessication cracks, bee burrows, scattered gypsium crys-

tals, caliche nodules and laminated caliches. It generally
alternates with 4th facies, but sometimes is found as
interbeds in the pebbly parts of second facies. This
facies is interpreted as overbank deposits. In the vertical
section, coarse and fine grained sequences alternates
frequently. The formation also contains some tuff and
tuffit interlayers. It is underlain by the Sekkoy forma-
tion and overlain by the Milet formation respectively
with a conformable and gradational contact. Its thick-
ness is 250 m at maximum. In the moderately sorted
and parallel-laminated mudstones, bee burrows and an
Hipparion tooth were found. So the age definition
has correlatively been based on the vertebrate fossil data
of Atalay (1980) and radiometric age determination
(9.25 + 0.2 my and 10.2 + 0.15 my) of Becker-Platen
et al. (1977); and it is stated that the formation was
deposited during the Vallecian to Turolian (Late Mio-
cene) time interval. The depositional environment of
the Yatagan formation resembles an arid to semi-arid
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alluvial fan complex; the fans are considered to char-
acterize gradational and retrogradational periods during
the deposition time. The source of the tuff and tuffit
layers was probably located in the Bodrum region and
on Kos Island (Ercan et al., 1981).

Milet formation.— This formation was firstly
named by Becker-Platen (1970) as "Milet layers". Later,
Atalay (1980) renamed it as "Bozarmut member". Fi-
nally, Hakyemez and Orcen (1982) designated the
same unit as the "Milet formation". The type section of
the formation is around Yukarigorle village. The Milet
formation is mainly formed of white coloured micritic
limestones and it contains some thin clayey limestone
interlayers. At some locations, there is a lignite-bearing,
1 to 2 meters thick siltstone level in the lowermost part
of the formation. The Milet formation overlies the Ya-
tagan formation conformably and gradationally. The
Early Quaternary sediments overlie the formation. Its
thickness is 140 m at maximum. Since it was only
some crystallized lacustrine gastropods that were found
in the formation, the age of the formation is based on
the vertebrate fossil data of Atalay (1980) and stratig-
raphical relationships. Therefore it is accepted that the
formation was sedimented in the Turolian (Very Late
Miocene) to the Pliocene time interval. The Milet
formation characterizes a lacustrine environment.

QUATERNARY DEPOSITS

These
located on the western part of the study area, are

Early Quaternary deposits.— deposits,

formed of reddish brown coloured and poorly sorted
The
the Early Quaternary deposits is up to 700 meters.

conglomerates and mudstones. thickness of

They were deposited in an alluvial fan environment.

These
are gravels and sands of the Akcay and the Yenidere

Late Quaternary deposits.— sediments
creek mainly. They characterize a braided-river envi-
ronment.

GEOLOGICAL EVOLUTION OF THE BASIN

The sedimentation of the units which are the
subject of this study began in the Oligocene. Liittig and
Steffens(1976) has discussed that a SW-NE trending
continental basin was formed in the SW Anatolia after
the regression had started towards the end of Late
Eocene. It was in this basin, that the Karadere and
the Mortuma formations were deposited. The sedi-

ments of a NE running braided-river system of this
basin which later evolved into a meandering-river
gradationally passes into lagoonal deposits around
Cukurkdy and marine units (Dizer, 1962) to the NE
of Denizli finally. Alluvial fan sediments deposited at
the margins of the river basin are represented by the

Karadere formation.

At the end of the Oligocene, a southeastward
tilting probably resulting from an uplift of the region
at the north or northwest led to formation of gently
folding of the Oligocene sediments. The sedimentation
during the Aquitanian started with the development of
alluvial fans at the northern part of the study area.

On this southward inclined continental area, a braided-
river and a meandering-river has developed respectively.
At the same time, the Tethyan sea started to transgress
to the northwards. This event firstly caused to the for-
mation of the lagoonal deposits and consequently to
the deposition of the beach sediments over the lagoonal
sediments. Shelf sediments crop out to the south of
the study area (Poisson, 1977).

Because of the tectonic uplift of the continental
area at the end of the Aquitanian, the continental
coarse elastics of the Kiinar formation were deposited
on the exposed former beach area from the beginning
of the Burdigalian;whereas on the southern part of
the study area, a new transgression started and so the
marine carbonates of the Kale formation were de-
posited.

From the end of the Burdigalian up to the Late
Astarasian, there was no deposition in the study area.
However in the neighbouring districts, the first deposi-
tion after the Burdigalian was started by a meandering-
river at the beginning of the Middle Astarasian (Hak-
yemez and Orcen, 1982). The non-depositional stage
between the Burdigalian and the Middle Astarasian,
which is the equivalent of the Langhian, is the stage
of the movement of the Lician nappes (Poisson, 1977).
During the Late Astarasian the coal stams formed in
the swamps in the centre of the closed basins, and
later, the basin changed into a lake environment.
As a result of the increasing tectonic movements,
the arid type alluvial fans developed along the margins
into the SekkoOy lake basin which had already dried
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up at the end of the Late Astarasian, and the alluvial
fan deposition continued duringthe Late Miocene. The
alluvial fans of the Yatagan formation extensively
developed all around the SW Anatolia (Becker-Platen,
1970, Hakyemez and Orcen, 1982). The tectonic
activity ended at the end of the Late Miocene. .In
wetter climatic conditions probably resulting from
the Pliocene marine transgression on the south of the
study area, the basin changed into a lake again and
lacustrine carbonate sedimentation continued till the
end of the Pliocene.

The existence of the Early Quaternary aged
alluvial fan deposits in the study area shows that the

tectonic movements became effectivein the Quaternary.

The young grabens which were formed by NE—SW
trending extensions (Dumont et al., 1979) give further
support to this idea.

CONCLUSIONS

In this study, the geology and the stratigraphy
of the Cainozoic sedimentary rocks cropped out in
four quadrangles were investigated, and the facies
characteristics of the formations were defined with
the aim of interpreting sedimentary environments.

The geological evolution of the region is also
explained primarily based on the environmental
development together with the geological and the

stratigraphical data.
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