DETERMINATION OF THE SENSE OF SHEAR USING THE ORIENTATION OF SHEAR
BAND FOLIATION IN MYLONITES: FIELD EVIDENCE FROM THE KEBAN
COMPLEX, EASTERN TURKEY
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ABSTRACT. — The structural features of the northern part of the Bitlis suture zone of the Alpine-Himalayan orogenic
belt (Turkey) show intense internal deformations. The variable lithology and microstructural features of the high strain
zones commonly found in the Keban complex are characterized by mylonitic texture. The Keban complex wereformed in
ancient continental margin sedimentary sequences of the northern branch of the Neo-Tethys. Single sets of shear band
foliations occur within mylonite zones composed of strongly foliated phyllitic psammites. Two well defined microscopic
criteria, the tails of the augen structures and smaller scae shear zones which were formed between the relatively unde-
formed pod shaped aggregates, are used to deduce the sense of shear in alithologically inhomogeneous brittle-ductile
shear zone of the Keban complex. The sense of shear determined in this way from the anastomosing part of the shear
zoneis then applied to the orientation of shear band foliation in the same shear zone. This microscopic evaluation of the
structures suggests that the acute angle between the shear band foliation and the mylonitic foliation points in the shear
direction as proposed by earlier ressarch which were based on experimenta studies. Therefore, the determination of
sense the of shearing in the field using the orientation of shear band foliations in mylonites is suggested.

INTRODUCTION

The importance of shear band structures has become increasingly recognized in recent studies
of ductile shear zones (eg. Cobbold, 1977a b; Platt and Vissars, 1980; White et d., 1980; Simpson
and Schmid, 1983). Shear band foliation is a microstructure commonly found in mylonites. It is
a small scae open crenulation cleavage and occurs a a low angle (typically less than 45°) to the enve-
loping surface of the older foliation (mylonitic foliation) defined by the average grain shape fabric
(Fig. 1) (Patt, 1979; Platt and Vissers, 1980; White, 1979; White et a., 1980; Ggpais and White,
1982). Shear band foliation has been intensively studied in pelitic mylonites (phyllonites) (Sibson,
1977; Bell, 1978, Platt, 1979; White, 1979; White et a., 1980), in phyllites (Platt and Vissars, 1980),
in quartz mylonite (Berthe et d., 1979%; Gapais and White, 1982), and in quartzo-feldspathic mylonite
(Gapais, 1979; Simpson, 1984), within the past few years. White (1979) discussesfield and microstruc-
tural observations of shear band foliations in the light of experimental studies on high strain defor-
mation of metals and concludes that the foliation resembles shear bands which form during the
high strain deformation of metas, particularly during rolling.

The spacing between bands is obsarved to be about 280 um by Gapais and White (1982)
for quartz mylonite from the Hercynian bt of Brittany in France. They measured the width of
the bands at about 600 um Platt and Vissers (1980) measured the spacing between bands from 2 c¢cm
to 20 cm for phyllitic mylonite from the Vanoise massif in the French Penninic Alps. According
to Berthe et al. (1979a,b), White (1979), Platt and Vissers (1980), White et al. (1980), and Gapais
and White (1982), shear bands develop during the late stage of the same deformation that produced
the mylonitic foliation. Shear bands are believed to develop at relatively low temperatures when the
rock no longer is capable of homogeneously accommodating the bulk deformation at the imposed
strain rate, so that the bulk deformation is accommodated by deformation in the shear bands (Gapais
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and White, 1982, p. 13), an explanation similar to that given by other researchers (eg. Berthe et 4.,
1979ab; Platt, 1979; White, 1979; Platt and Vissers,1980; White et d., 1980; Passchier, 1982
Smpson, 1984).
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Fig. 1 - a - Geometry of shear band foliation {modified after Platt and Vissers, 1980,
fig. 9); b - The acute angle between shear band folistion (S ) and
mylonitic foliation (Sm) points in the shear direction (data comnpiled from
White et al., 1980; Simpson and Schmid, 1983).

Platt (1979), Platt and Vissers (1980), and Paschier (1982) referred to shear band foliation
found in mylonites as «extensond cremilation cleavage». Platt and Vissars (1980, p. 397) described
extensond crenulation cleavage as «sets of amdl scde ductile shear bands dong the limbs of very
open microfolds in the foliation. The sense of movement on the shear bands is such as to cause
a component of extenson aong the older foliation».

Usudly two sets of shear bands may develop at alow angle (less than 45°) to the mylonitic
foliation (Platt and Vissars, 1980; White et d., 1980). In the light of experimentd studies White et
a. (1980, p. 178 and 186) proposed that if only one set of shear bands is formed in a mylonitic rock,
the acute angle between the shear band foliation and the mylonitic foliation aways points in the shear
direction. Similar results were obtained by Simpson and Schmid (1983). Platt and Vissers (1980, p.
407-410) invoke that two sets of shear band foliations may form as a conseguence of symmetric
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coaxid progressve deformation. They dso note that a sngle set of shear bands probably develops
as a result of asymmetric coaxial or noncoaxia progressive deformations.

Let us consider a small square of mylonitic rock with a mylonitic foliation undergoing a coaxia
progressive deformation wherethe principal directionsof the incremental strain are parallel to the prin-
cipal directions of the total strain at each instant during the progressive deformation (Fig. 2aand b).
In progressive deformation, the principal incremental strain and the total strain are defined by principal

stretches (i.e. s'. principal directions of incremental stretch, sT. principal directions of total stretch)
(Means, 1976, p. 226). In the case of symmetric coaxial progressive deformation, where the direction

of maximum incremental stretch (SII) and the direction of maximum total stretch (ST) are both

parallel to the mylonitic foliation at each instant, two conjugate sets of shear bands may initiate at
a low angle (45° or less) to the pre-existing mylonitic foliation (Fig. 2a), as stated by Platt and Vissers
(1980). At each instant during a coaxial progressive deformation the axes of the incremental and
total strain ellipses {or ellipsoids) correspond to each other (Figs. 2a and b). This suggests that
during the symmetric coaxial progressive deformation both sets of the shear bands will rotate toward

the direction of maximum principal stretches (S| and S” ) and the mylonitic foliation (Sp,) with

same rate, and they will remain active throughout this progressive deformation history. Platt and
Vissers (1980, p. 407) assert that «imultaneous activity of both sets will be difficult: they will prob-
ably have to alternate, or operate on different scaless,

During an asymmetric coaxial progressive deformation where the direction of maximum in-
cremental stretch (Si) and the direction of maximum total stretch (STI) are both oblique to the

mylonitic foliation (S, ), two sets of shear bands asymmetric with respect to the mylonitic foliation
may form (Platt and Vissers, 1980) (Fig. 2b). In Fig. 2b, the acute angle between the first set of
the shear bands and the mylonitic foliation is greater than the acute angle between the second
set and the mylonitic foliation, With the coaxial progressive deformation, these shear band foliations

will rotate toward the direction of maximum principal stretches (S and S| ) with same rate. The

acute angle between shear bands (both 1 and 2 in Fig. 2b) and the mylonitic foliation decreases
with the rotation. The second set becomes parallel to the mylonitic foliation first, At this instant,
the second set may probably become inactive, because it requires a reverse slip direction on the
mylonitic foliation (Fig. 2b) (Platt and Vissers, 1980). The first set of the shear bands therefore remains
active as a single set of shear bands.

An example of a noncoaxial progressive deformation where the principal directions of the incre-

mental stretch (SI ) are not parallel to the principal directions of the total stretch (ST ) atany instant

during the progressive deformation is shown in Fig. 2¢. At each instant during the noncoaxial
progressive deformation the axes of the incremental and total strain ellipses (or ellipsoids) do not
correspond to one another. Therefore at each instant during the noncoaxial progressive deformation
‘the two conjugate sets of shear bands will rotate toward the direction of maximum increthental stretch

(Si ) with different rates. In this case, simple shearing is assumed to be parallel to the S, combined
with flattening parallel to S; {Fig. 2c). The second set of the shear bands shown in Fig. 2¢ will

rotate with a greater rate than the first one The second shear band that rotates faster will become
imactive when it reaches the point where it is nearly paralle] to the mylonitic foliation. The first
set becomes dominant and remains active (Platt and Vissers, 1980} in the same sense of shear
direction implied for the whole rock body undergoing the progressive deformation.
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While the above review focuses mostly on the shear band foliation developed in pdlitic,
quartzitic, and quartzofeldsphatic mylonites, this paper is concerned with a detailed description of
shear band structures within phyllitic psammites and calcareous mylonites within a 15 m wide brittle-
ductile shear zone in the Keban metamorphic complex of Eastern Turkey. This study shows field
evidence to determine the sense of shear using the orientation of shear band foliatipn in high strain
rocks. The results of microstructural studies on shear band foliation are compared with the interpre-
tation of White et a. (1980) and Simpson and Schmid (1983) for deducing the sense of shear in

high strain rocks displaying one set of shear band foliation.
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GEOLOGICAL OUTLINE OF THE KEBAN METAMORPHIC COMPLEX

The Keban metamorphics are complexly deformed, and form the most northerly structural
slice within the Bitlis suture zone of the Alpine-Himalayan orogenic belt in Eastern Turkey (Fig. 3).
They are tectonically intercalated between the Mesozoic Munzur limestone and the Maastrichtian
ophiolites of the Ovacik unit (Ozgiil et al., 1978) in the north, and the Campanian-Maastrichtian
Elazig volcanic island arc complex (Hempton and Savci, 1982) in the south (Fig. 3a). Three main
lithological units are distinguished in the Keban metamorphic complex. They are marble, phyllitic
psammite and limestone units. The contacts between these unist are all folded thrusts (Fig. 3b) or
brittle-ductile shear zones in the sense of Ramsay (1980).

The marble unit is composed of calote crystals which comprise 95-98 % of the rock. In be-
tween the calcite crystals, there are some muscovite (1-2 %) and epidote (2-3 %) crystals. The marble
unit also locally shows 1 to 50 m thick amphibolite interlayers around the Pertek area (Perinfek, 1979).

The phyllitic psammites are pervasively interlayered with calcschist layers which range from
1 cm to 20 cm in thickness. The phyllitic psammite is a dark gray, fine grained rock consisting
of 75-80 % quartz, 10-15 % muscovite-sericite, 5 % iron-oxide, 4 % chlorite, 4 % calcite, 2 %
epidote, and very rare graphite and plagioclase. The calcschist interlayers are composed of 40-45 %
calcite, 25-30 % quartz, 10-15 % muscovite-sericite, 10 % iron-oxide, 5 % chlorite, and very rare
plagioclase feldspars. The structurally highest metamorphic unit consists of limestones with a mineral
composition: 8595 % calcite, 2-5 % iron-oxide, 3 % quartz, 2 % plagioclase, 2-3 % epidote,
and very rare muscovite.

These ancient continental margin sedimentary sequences were formed between Palacozoic (?)
and the Triassic times (Kipman, 1981), and experienced low grade greenschist metamorphism during
the Jurassic to the Lower Cretaceous (Savci, 1983). They are cut by hypabyssal syenite porphyries
intruded during the late Cretaceous (Savci, 1983). In the Keban metamorphics, at least two phases
of penetrative deformation are documented. There is also evidence for one nonpenetrative deformation.
For more detailed description of the geological setting and tectogenic history of the Keban meta-
morphic complex, the reader is referred to Savci (1983).

MINERALOGY AND MICROSTRUCTURES OF SELECTED MYLONITES

The descriptions of fault rocks given below are from ductile deformational parts of the brittle-
ductile shear zone. Figure 4 is a schematic map and cross sectional view of this northeast trending
and southeast dipping brittle-ductile shear zone which contains a number of lithologies (i.e. phyllitic
psammite, calcschist, and limestone).

The mylonitic body formed in the brittle-ductile shear zone (Fig. 4) shows a progressive change
in its texture within 15m from northwest to southeast across the zone. To the northwest, the mylonitic
rocks become much finer grained. The stage in this development of the sequence is shown in Figs.
4, 5, and 7.

The first example to be described is a highly strained calcschists of the Keban metamorphic
complex. They are composed of 40-50 % quartz, 20 % muscovite-sericite-chlorite, and 20-30 %
calcite. Calcite usually occurs in the form of pod shaped aggregates up to 1.5 cm. The sheared, foliated
calcite-quartz-mica-chlorite rich material surrounding the remnant unsheared calcite pods define an
anastomosing shear zone (Figs. 4b and 5) in the sense of Simpson (1983). The average preferred
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dimensiona orientation of quartz, muscovite, sericite, and chlorite grains defines a mylonitic foliation.
Simpson and Schmid (1983, p. 1282-1283) show that if the tails of the retort-shaped grains (augen)
are comprised of fine grained material of the same composition as the augen material, they can then
be used to deduce the shear direction. They demonstrate that these tails extend along the foliation
plane in the shear direction (Fig. 6a). In this anastomosing shear zone, the tails of the calcite augen
are composed of much finer grained cdcite crystals. Moreover, between the calcite pods, smaller
scae shear zones often occur at alow angle (30° to 35°) to the major shear zone defined by mylonitic
foliation which surrounds the calcite pods and augens. Asis shown in Fig. 5, the sense of displacement
in this small scde shear zone between the cacite pods is southeast-over-nortwest. Simpson (1983,
p. 63) shows that in an anastomosing shear zone the small shear zones between the relatively undefor-
med pods have the same sense of displacement as that of the major shear zones surrounding the pods
(Fig. 6b). Using the criteria indicated above, i.e, asymmetry of augen structures (Fig. 6a) and
shear direction in small shear zones formed between relatively undeformed pods (Fig. 6b), the sense
of shearing is also determined as southeast-over-northwest (Fig. 5).
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Fig. 6§ a - The ils of the retort-shaped augéns extend zlong the foliation plane in the shear
direction (after Simpson and Schntid, 1983, Fig. 4); b - Small ductile shear zone
bétween relatively undeformed pod-shaped aggregates has same sense of displacement
asthe major shear zones which surround the pods (after Simpson, 1983, Fig. 2a).
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The second example to be described is a phyllitic psammite mylonite ofthe Keban metamorphic
complex. It is composed of 75-85 % quartz, 10-15 % muscovite-sericite-chlorite, 5 % feldspar, 1-5 %
iron-oxide, and about 1 % epidote. In these strongly foliated mylonites, the preferred dimensional
orientation of quartz, feldspar, muscovite, sericite, and epidote grains or aggregates define a well
developed mylonitic foliation (S,) (Fig. 7). As readily observed in Fig. 7, this rock also shows a shear
band foliation (S, ) which is about 30° oblique with respect to the mylonitic foliation. Generally,
shear band foliation is defined by the preferred mineral elongation of micas. Where affected by a
shear band, the mylonitic foliation trends into parallelism with the shear band boundary (Fig. 7).
The spacing between bands varies from 100 to 780 um. The width of the bands is usually 10to 170 um.
As is mentioned in the introduction, according to White et al. (1980) and Simpson and Schmid
(1983) the angular relationships between the shear band foliation (S, ) and the mylonitic foliation
(S,) define the sense ofshear (Fig. 1b). Using this criterion, the direction of shearing in this mylonite

determined as southeast-over-northwest as well (Fig. 7).

Fig. 7 -~ Photomicrograph of shear band structure within the phyllitic psammite - mylonite
studied (polarized light; section perpendicular to the intermediate strain axis).
Shear band foliation (S, }is defined by the vertical dark zones.Within these
zones mylonitic foliation (Sm)has been reoriented. White grains are mosty
quartz. Dark fine-grained material is mica and chlorite. The average anglc
between Sm and Ssis30° and the spacing between bands is up 0 500 pm.
Shear sense is southeast-over-northwest,

From the foregoing, it is concluded that the «sense of shear» observations at the microscopic
scale (ie., asymmetry of augen structures (Fig. 6a) and shear direction in small shear zones formed
between relatively undeformed pods (Fig. 5)) corroborate the similar observation and conclusions
based on the position of shear bands with respect to mylonitic foliation (Fig. 7). Therefore, the above
result based on a field evidence is consistent with shear band interpretation of White et al. (1980)
and Simpson and Schmid (1983).
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The third example studied consists of a limestone-calcschist unit within the same brittle ductile
shear zone (Fig. 4). This part of the shear zone, which is about one meter thick, is characterized
by limestone lenses and quartz-micarich cacschist layers between these lenses. At an outcrop scae,
mylonitic foliation is defined by long axes of relatively unsheared limestone lenses which are up to
20 cm long and 2 to 5 cm wide; by grain shapes of cacite, quartz and feldspar, and by elongation
of muscovite crystals which formed between the limestone lenses in zones 1 to 4 cm thick (Fig. 8).
The thin mylonitic zones are composed of 35 % quartz, 25-35 % cdcite, 57 % feldspar and
20 % muscovite-sericite-chlorite. In these thin, strongly foliated zones, there are some small scde
open crenulation cleavages occurring at a low angle (35°) to the enveloping surface of the mylonitic
folition (Fig. 8). Where affected by these open crenulation cleavages, the mylonitic foliation trends
into paralelism with these crenulation boundaries. Spacing between the crenulation cleavage surfaces
varies between 500 and 850 um. These open crenulation cleavages have similar characteristics to
those shown in Fig. 7 and are interpreted as shear band foliation due to their resemblance to similar
features described by White (1979), White et al. (1980), and Gapais and White (1982). Based on the
angular relationships between the shear band foliation and the mylonitic foliation (Fig. 1b) the sense
of movement determined in this way is also southeast-over-northwest (Fig. 8).Moreover, where affected
by shear bands, tips ofthe limestone lenses curve and trend into parallelism with shear band boundaries
(Fig. 8). In the main body of limestone lenses, microfaults cut across the lenses at a high angle
(58°) to the mylonitic foliation. These microfaults occur only in the limestone lenses. The sense of
displacement for microfaults formed in the limestone lenses is in the same sense as the shear band
foliations developed between the lenses (Fig. 8). The shear band structures are interpreted in the same
way as Gapais and White (1982) in that at the same high strain-rate, the deformational mechanism
was brittle in the limestone lenses and more ductile in the quartz-mica rich zones. These quartz-mica
rich zones consist of strongly foliated, thin ductile shear zones between relatively little deformed lime-
stone lenses. Therefore, the two rock types with different physical properties have quite different
behavioral responses the deformation. Brittle and ductile deformations may occur in close proximity
within the same shear zone at the same time. It is concluded that when the bulk deformation cannot
be accommodated by the dominant deformation process at the imposed strain rate, it is accommodated
by deformation in the form of ductile shear bands in the quartz-mica rich calcschist and by deformation
in the form of brittle microfaults in the limestone lenses.

CONCLUSIONS

Two well defined microscopic criteria are used to deduce the sense of shear in a lithologically
inhomogeneous brittle-ductile shear zone of the Keban metamorphic complex. They are: (1) The
tails of the asymmetric augen structures which extend along the foliation plane, and allow the sense
of shear to be determined (Fig. 6a, Simpson and Schmid, 1983); (2) In anastomosing shear zones,
the sense of shear determined in a smaller scale shear zones which were formed between the relatively
undeformed pod shaped aggregates is in the same direction with the major shear zone surrounding
these aggregates (Fig. 6b, Simpson, 1983), In the ductile mylonite bands found in the same shear
zone (Fig. 4), the acute angle between the shear band foliation and the mylonitic foliation points
in the same shear direction determined for the anastomosing shear zone showing asymmetric augen
structures and relatively unsheared calcite pods (Fig. 5). This result is consistent with the sense of
shearing interpretation of White et al. (1980) and Simpson and Schmid (1983) for high-strain mylonites
exhibiting a single set of ductile shear band foliations. The Keban mylonites with a single set of shear
band foliation may have been formed during a noncoaxial progressive deformation.
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Fig. 8 a - A shear zone showing brittle deformational features (microfaults) in limestone lenses, and ductile
deformational features (mylonitic foliation (Sm) and shear band foliation (SS )) in the more

ductile quartz-mica rich strongly folisted thin zones forrued between the limestone lenses
{cross section view),

5

1
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Sek. 8b - A sketch drawn from Fig. 8a.
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GEOLOGY OF THE SOKE-SELCUK-KUSADASI REGION AND PETROCHEMICAL FEATURES OF
THE VOLCANIC ROCKS

Tuncay ERCAN*; Umur AKAT*; Erdogdu GUNAY** ve Yilmaz SAVASCIN***

ABSTRACT.— The basement of the investigated area consists mainly of metamorphic rock units of the «coverschists»
of the Menderes massive, namely Senkdy, Bafa formations and Bozdag group with respective ages of Early-Medial Per-
mian, Upper Permian-Lower Triassic and Middle Triassic-Upper Cretaceous. Zeytinkdy formation, a flyschoid sequence
of Upper Cretaceous age, overrides the basement by a tectonic contact. These are unconformably overlain by the conti-
nental Soke formation of Miocene age followed by Balat¢ik and Hisartepe volcanics. Quaternary is represented by collu-
vium and alluvium. Petrochemical work shows that the volcanics originated partly from the mantle, but mainly are of
siallic origin. They are campared to other volcanic rocks of the region.



BIOSTRATIGRAPHY AND PALEONTOLOGY OF THE MEDIK-EBREME (NW MALATYA)
AREA

Sefer ORCEN*

ABSTRACT.— This paper deals with paleontology and biostratigraphy of the sedimentary rocks in the vicinity of
Medik-Ebreme area located northwest of Malatya. The age of the formations of the area range from Upper Jurassic
to the Quaternary. Horasangay formation, Upper Jurassic to Lower Cretaceous in age, consists essentially of micrites
and dolomitic limestones deposited on the open shelf. The unconformably overlying Medik formation is represented by
conglomerates with mudstone interbeds deposited in an alluvial fan of Paleocene age. The Medik formation is uncon-
formably overlain by the Tohma formation, Middle-Upper Eocene in age, and consists of conglomerates, sandstones
and alternations of limestones and marls deposited in lagoonal, beach and shallow marine (shelf) environments. Cavus
formation consisting of clastic limestones deposited on the shallow shelf, sits unconformably on the Tohma formation
and is of Aquitanian age. This sequence is unconformably succeeded by the Ansurcay formation, Burdigalian in age,
consisting mainly of clastic limestones, marls and reefal limestones. Misirdere formation, consisting of conglomerates,
sandstones and mudstones, was laid down in environments of alluvial fans and braided streams. The following
biozones were defined on the basis of paleontologic data: the Velates schmiedeli biozone in Lower Lutetian; the
Nummulites pinfoldi biozone in Middle Lutetian; the Nummulites aturicus biozone and Nummulites perforatus subbiozone
in Upper Lutetian; the Nummulitesfabianii biozone and Chapmanina gassinensis subbiozone in Lower Priabonian; the
Miogypsinoides complanatus biozone in Aquitanian; the Miogypsina irregularis biozone and Miogypsina intermedia
biozone in Burdigalian. These biozones were matched, biostratigraphically and chronostratigraphically, with their
equivalents in Turkey and in other parts of the world.

INTRODUCTION

Following an elaborate selection of the area (Fig. 1), this investigation was undertaken to
solve the stratigraphic problems by means of a detailled examination of paleontologic data and
understanding of biozonal relations to reach to a synthesis of paleogeography and ecology (Fig. 2).

The investigated area lies in Eastern Taurids, comprising 1:25 000 scaled map of «Malatya
K 40 d, and K 39 cp covering an area of approximately 240 sq. kms.

The earliest detailed work was carried out by Ayan (1961) in the region. This work investigated
the general geology and petroleum potential of the Hekimhan-Ebreme region, north of Malatya.

Akkus (1971) carried out geologic investigations in the Darende-Balaban basin (ESE of Malatya)
defining units of Mesozoic (Jurassic-Cretaceous, Upper Cretaceous) and Quaternary age. He also
reports ophiolitic assemblages in addition to volcanism occurring prior to Lutetian and after
Burdigalian.

Yoldag (1972) carried out geologic investigations to understand the petroleum potential of the
area north of Malatya. He studied the sedimentary rocks of Paleozoic, Mesozoic (Upper Jurassic-Low-
er Cretaceous, Maestrichtian) and Cenozoic (Ypresian, Lutetian, Oligocene, Lower Miocene,
Upper Miocene and Quaternary) age and distinguished serpentinites and volcanic rocks consisting
of trachyandesites, basalts and andesites.

Sirel (1976 a, b) defined the microfauna Rhapydionina malatyaensis n.sp., Nummulites hehe-
ticus (Kaufmann), Fabiania cassis (Opperiheim), Orbitolites sp. in Lutetian rocks and Nummulites
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fabianii (Prever), NummulitesincrassatusdelaHarpe, Chapmaninagassi nensisSilvestri ontheoverlying
Bartonian rocks, sitting unconformably on Orbitoides and Sideralites bearing limestones (Maestrich-
tian) north of Darende (west of Malatya). The same author dso defined Nummulites aturicus Joly
and Leymerie, Nummulites helveticus (Kaufmann), Fabiania cassis (Oppenheim), Gyroidinella magna
Le Cdvezin Upper Lutetian limestones cropping out in the vicinity of Darende-Guriin; Eoannularia
conica n.sp., Eoannularia eocenica Cole and Bermudez, Chapmanina gassinensis Silvestri, Halkyardia

minima (Liebus) and bentonic microfauna in the upper sections including Nummulites cf. fabianii
(Preve).

=T

Ebrema

Fig. 1 - Location map of the investigated area,

Kurtman (1978) differentiated Permo-Carboniferous, Mesozoic (Jurassic-Cretaceous, Upper
Cretaceous) and Cenozoic (Lutetian. Priabonian Neogene and Quaternary) units in the region
in his work entitled «Geology and Tectonic Features of Glrlin Region.
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STRATIGRAPHY

The stratigraphy ofthe region is described in three sections entitled «lithostratigraphy, biostra-
tigraphy and chronostratigraphy». Formations are nomenclated by the author except for the Hora-
sancal fm. (Kurtman, 1978). Paleontologic data is controlled through an elaborate reconsideration of
the biostratigraphy.

Lithostratigraphy

The investigated area composed of units of Upper Jurassic-Lower Cretaceous, Paleocene,
Middle-Upper Eocene, Lower Miocene and Plio-Quaternary age. These units (lithostratigraphic),
their stratigraphic setting and interrelations are shown in Figures 3 and 4.

Horasangal formation. — The type section crops out in the Ebreme and Saravli creeks (Fig. 5).
It consists of light gray, medium to thick bedded micrites in the lower and yellowish gray dolomitic
limestones with chert interstratifications in the upper section. The lower boundary does not crop
out. The upper boundary is unconformably covered by Medik and Tohma formations respectively
in the southern parts of the investigated area and along Tohma valley. The thickness is 300 m.

The lower section of the micrites yields the characteristic fossils of Valvulinella jurassica Hen-
son and Clypeina jurassica Favre (algae) indicating the age of Upper Jurassic. Dolomitic limestones
comprising the upper section are unfossiliferous. Therefore, the age of the formation is considered as
Upper Jurassic-Lower Cretaceous. The sedimentary features and the microfauna suggest an open
shelf environment of deposition.

Medik formation. — The type locality lies approximately 2.5 km northwest of the Medik
village. It consists of parallel or cross-bedded, medium to thick bedded, well-cemented, poorly sorted
(angular to rounded pebbles derived from the Horasangal limestone and volcanoclastic units cropping
out in the region), reddish-brown conglomerates alternating with red, thin, medium to thick bedded,
parallel bedded mudstones. It sits on the Horasan9al formation with an angular unconformity and is
unconformably covered by the Tohma formation. Because of faulting and remaining somepart in the
Medik dam, to find out exact thickness, was not possible. However, the thickness is estimated 1400 m
(data obtained from the Akcadag well of MTA).

The formation does not contain any fossils. It is considered to be Paleocene in age according
to its stratigraphic setting and the pebble content. The sedimentologic parameters indicate an alluvial
fan as the environment of deposition.

Tohma formation. — This formation can typically be observed along the road of Civril village
and around Corak and Yogunsakiz districts (Figs. 6,7). The Tohma formation consists, from base
to top;

a. Zeynepoglu member consisting of alternations of conglomerates, sandstones and mudstones,

b. Yogunsakiz member consisting of conglomerates and sandstones followed by alternations
of limestones and marls,

c. Corak member consisting of alternations of mudstones, sandstones and clayey limestones,
d. Civril member consisting of alternating marls and limestones,

e. Iriagac member consisting of massive limestones with the lower section containing marl
intercalations.
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The formation lies unconformably on the Medik formation southeast of the investigated area and on
the Horasancal formation along the Tohma valley. The-upper boundary is defined by the angular
unconformities represented by the bases of Cavus and Ansurcay formations. The thickness varies
between 350-850 m.

The sandstone and sandy limestone alternation in the lowermost section ofthe Tohma formation
contains a rich macrofauna of Velates schmiedeli Chemnitz, Lucina corbaricus Leymerie indicating
a Lower Lutetian age. Limestones at the lower section contains a benthonic association of foramini-
fera of Nummulites pinfoldi Davies, Orbitolites complanatus Lamarck and Fabiania cassis (Oppenheim)
of Middle Lutetian age. The marl-limestone alternation in the medial section is characterised by an
Upper Lutetian microfauna comprising of Nummulites aturicus Joly and Leymerie, Nummulites per-

foratus (De Montfort), Nummulites puschi D'Archiac and Haime, Nummulites praefabianii Varentsof
and Menner, Assilina exponens (Sowerby), Linderina brugesi Schlumberger. The limestones in the up-
permost section contains a benthonic microfauna of Lower Priabonian age, consisting of Nummulites

fabianii (Prever), Nummulites incrassatus De La Harpe, Nummulites chavannesi De La Harpe,
Chapmanina gassinensis Silvestri, Halkyardia minima (Liebus), Baculogypsinoides tetraedra Glmbel.
The environment of deposition of the Tohma formation is believed to be lagoonal, beach and shallow-
open shelf according to the dwelling organisms and sedimentary features.

Cavug formation. — It can typically be seen along Gendere and approximately 1 km
southwest of Olukkaya peak (Fig. 6). It consists of yellow thin to medium bedded, well-cemented
clastic limestones and yellowish-white, thin bedded clayey limestones as interbeds. It unconformably
overlies the Tohma formation. It is unconformably overlain by the Ansurcay formation. The thickness
of the unit varies between 50-100 m.

A microfauna consisting of benthonic foraminifera was determined from the collected samples:
Miogypsinoides complanatus (Schlumberger), Archaias kirkukensis Henson, Lepidocyclina (Nephro-
lepidina) tournoueri (Lemoine and Douville), Spiroclypeus margaritatus (Schlumberger), Operculina
complanata (Defrance) and Miogypsina sp. An Aquitanian age was assigned to the unit in accordance
with this microfauna. It was deposited on the shallow shelf.

Ansurcay formation. — It is typically observed in Gendere and at ikiz peak (Fig. 5). It
consists, from base to top, of thin to medium bedded, horizontal or cross-bedded, yellowish brown
clastic limestone; gray, horizontal and medium to thick bedded an poorly cemented marls (Bortliyenli
member) and yellowish white, indurated, very thick bedded to massive reefal limestones (Ikiztepe
member) based by a conglomerate horizon in the uppermost section, which overlies unconformably
Tohma and Cavug formations. It is unconformably covered by Misirdere formation. The thickness
of the unit is approximately 150 m.

Foraminifers obtained from the detrital limestone and marl of the Lower and Middle parts of
Ansurcay formation such as Miogypsina irregularis (Michelotti), Lepidocyclina (Nephrolepidina)
tournoueri (Lemoine and Douville), Miogypsinoides sp., Amphistegina lessonii d'Orbigny. Lenticulina
vortex (Fichtel and Moll), Sphaeroidina bulloides d'Orbigny, Globigerinoides sp., Globoquadrina sp.,
Globigerina sp., Flabellipecten burdigalensis Lamarck, Flabellipecten cf. solarium Lamarck, Clamys cf.
scabrella Lamarck, Scutella cf. paulensis indicate an age Burdigalian. The following microfossils have
been found in the reefal limestone of the upper most level of the Ansurcay formation Miogypsina
intermedia Droger, Borelis melo Fichtel and Moll, Quinqueloculina sp. coral, algae and pelecypoda
according to these fossils Burdigalian age has been assumed for the upper most level of Ansurgay
formation which has been deposited on a shallow marine, open shelf and reefal environment.
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Misirdereformation. — It can be observed typically in the northern section of Tohma stream.
From base to top, it consists of reddish brown, poorly sorted, parallel bedded mudstones with thin
intercalations of conglomerates followed by gray, poor to wellsorted, with eroded bottoms of bedding,
parallel or cross-bedded conglomerates and yellowish gray, cross-bedded sandstones. It rests uncon-
formably on the Ansurcay formation and is covered by recent alluvium. The thickness of the unit
varies between 20-40 m.

This unit does not contain neither micro nor macrofossils. It was deposited in alluvial fans
and braided streams.

Biostratigraphy

Biostratigraphic units (biozones) were observed according to the fossil content and distribution
in the sediments of the area. Biozones are defined on the abundance of micro and macrofossils or
according to the fauna defining a given stratigraphic horizon. «The International Stratigraphic Guides»
(Hedberg, 1975) was used as a guide for distinction of the biozones.

Six benthonic foraminifera and one gastropoda biozones were defined in the Eocene-Miocene
series. A biozone map was prepared to show the distribution and relations (Fig. 8).

Velates schmiedeli abundance biozone. — It is a macrofossil zone characterized by the Velates
schmiedeli species of the Neritidae family. It occurs dominantly in the lower section of the Yogunsakiz
member of the Tohma formation. It contains other macrofossils such as Lucina corbaricus, Cerithium
sp., Conus sp., Ostrea sp. in addition to its typical constituent. It is dated as Lower Lutetian.

Nitmmulites pinfoldi abundance biozone. — It is a benthonic foraminifera biozone characterized
by the Nummulites pinfoldi species of the Nummulitidae family. It dominates in the medial section
of the Yogunsakiz member of the Tohma formation. In addition to the main component of the
unit, the benthonic foraminifera species of Orbitolites complanatus, Fabiania cassis, FEorupertia magna,
Sphaerogypsina globulus, Aheolina sp. and Quinqueloculina sp. are present. It is dated as Middle
Lutetian.

Nummulites aturicus range biozone. — It is a benthonic foraminifera biozone characterized
by the Nummulites aturicus species of the Nummulitidae family. The zone is limited at the base by
the disappearance of Nummulites pinfoldi and appearance of Nummulites aturicus. It is limited at the
top by the disappearance of Nummulites aturicus and appearance of Nummulites fabianit. It is domi-
nant in the uppermost section of Yogunsakiz member, Civril, Corak members and in the lower section
of Iriaga¢c member of the Tohma formation. In addition to the main species of the biozone, the follo-
wing benthonic foraminifera also occur in these units: Nummulites perforatus, Nummulites beaumonti,
Nummulites puschi, Nummulites praefabianii, Assilina exponens, Fabiania cassis, Linderina brugesi,
Sphaerogypsma globulus, Asterigerina sp., Rhapydionina sp., Discorbis sp.,Quinqueloculina sp. A subbio-
zone, namely Nummulites perforatus abundance subbiozone, was distinguished in the uppermost section
of the Nummulites aturicus range biozone. Nummulites aturicus range biozone is of Upper Lutetian
age.

Nummulites fabianii range biozone. — It is a benthonic foraminifera zone characterized by
the Nummulites fabianii species of the Nummulitidae family. The lower boundary of the biozone is
limited by the disappearance of Nummulites aturicus and appearance of Nummulitesfabianii. The upper
limit can not be determined due to the incomplete nature of the sequence. It is dominant in the up-
permost section of the Iriagac member of the Tohma formation. The benthonic foraminifera of
Nummulites chavannesi, Nummulites incrassatus, Chapmanina gassinensis, Halkyardia minima, Fabiania
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cassis, Linderina brugesi, Baculogypsinoides tetraedra, FEorupertia magna, Discocyclina sella, Actinocyclina
radians, Gypsina marianensis, Operculina alpina, Lituonella sp., Peneroplis sp. are associated to
the main species of the biozone. An abundance subbiozone characterized by the Chapmanina gas-
sinensis in the uppermost section of the Nummulites fabianii range biozone. Nummulites fabianii
range biozone is dated as Lower Priabonian.

Miogypsinoides complanatus abundance biozone. — It is a zone of benthonic foraminifera
characterized by Miogypsinoides complanatus sp. of the Miogypsinidae family. It is dominant in the
sediments of the Cavug formation. The benthonic foraminifera of Archaias kirkukensis, Lepidocyclina
(Nephrolepidina) tournoueri, Spiroclypeus margantatus, Operculina complanata, Amphistegina lessonii,
Miogypsinasp., Pararotalia sp. are associated to the main species of the biozone. It is dated as Aqui-
tanian.

Mwgypsina irregularis abundance biozone. — It is a benthonic foraminifera zone character-
ized by the Miogypsina irregularis species of the Miogypsinidae family. It is dominant in the
sediments of the Bortliyenli member of the Ansurcay formation. The benthonic and planctonic fora-
minifera of Lepidocyclina (Nephrolepidina) tournoueri, Amphistegina lessonii, Lenticulina vortex,
Pullenia bulloides, Sphaeroidina bulloides, Miogypsinoides sp., Globigerinoides sp., Globoquadrina sp.,
Globigerina sp. and macrofossils of Flabellipecten burdigalensis, Flabellipecten cf. solarium, Chlamys
cf. scabrella, Scutella cf. paulensis are found in addition to the main species. It is dated as Bur-
digalian.

Miogypsina intermedia abundance biozone. — It is a benthonic foraminifera zone character-
ized by Miogypsina intermedia species of the Miogypsinidae family. It occurs dominantly in the
ikiztepe member ofthe Ansurcay formation. The following foraminifera typically occur with the main
component of the biozone: Borelis melo, Amphistegina lessonii, Gypsina sp. Acervulina sp. corals,
bryozoa, pelecypoda and gastropoda are additionally occurring macrofossils. The age interval is de-
fined as Upper Burdigalian.

The correlation of the defined biozones are shown in a table (Fig. 9).

Chronostratigraphy

The fossils have been valuable guides in definition of the chronostratigraphic units. Chrono-
stratigraphic units were constructed to correspond to the biozones. The aim of this section is to define
the relative ages indicated by the paleontological data yielded by the Mesozoic and Cenozoic sediments.

Era . Mesozoic

Period : Jurassic - Cretaceous

Upper Jurassic - Lower Cretaceous-series: This unit is differentiated through the benthonic
microfauna comprising Valrulinella jurassica and Clypeina jurassica

Era . Cenozoic
System . Tertiary

Subsystem : Paleogene

Paleocene series: It is considered to correspond to the process of formation of the continental
sediments of the Medik formation.
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Eocene series: It is subdivided into subseries of Middle and Upper Eocene. The Middle Eoce-
ne subseries is represented by the Lutetian stage. The Lutetian stage is further subdivided into sub-
stages of Lower Lutetian (Velates schmiedeli biozone), Middle Lutetian (Nummulites pinfoldi biozone)
and Upper Lutetian (Nummulites aturicus biozone). Upper Eocene subseries is represented by the
Priabonian (Lower Priabonian) stage.

Subsystem : Neogene

Miocene series: It is represented by the Miocene subseries. This is subdivided into substages
of Aquitanian (Miogypsinoides complanatus biozone) and Burdigalian (Miogypsina irregularis and
Miogypsina intermedia biozones).

Sediments ofthe Misirdere formation are considered to have been deposited during the large
time interval of Pliocene and Quaternary.

The relations between lithostratigraphic, biostratigraphic and chronostratigraphic units are
shown in Fig. 10.
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A complete harmony of correlation of the biozones, biostratigraphic and chronostratigraphic,
are shown to exist (Fig. 11) with those of Turkey (Istanbul, Ankara, Denizli, Kastamonu, Malatya,
Sivas, Mus regions) carried out by Daci (1951), Dact and Dizer (1953), Dizer (1962 ab), Sirel and
Giundiiz (1976), Sirel (1976), Saking (1982), and Dizer (1982) and of the world (France, Italy,
Greece, Yugoslavia, Romania, Hungary, Soviet Union, Iran, India and various regions of America)
investigated by Veillon (1964), Blondeau et al. (1968), Plaziat and Renzi (1968), Bignot et al.
(1968), Cavelier (1968), Castellarin and Cita (1969), Cita (1969), Dudich et al. (1968), Bombita
and Moisescu (1968), lonesi (1971), Nemkov (1964, 1968), Hottinger et al. (1964), Schaub (1981),
Akers and Drooger (1957), Mohan (1958), Rahaghi (1974), Raju (1974) and Mulder (1975).

PALEONTOLOGY

Large foraminifera such as Nummulitidae, Discocyclinidae, Lepidocyclinidae, Miogypsinidae
families and species of these families are described in this section.

The stratigraphic distributions of the collected micro and macrofossils are shown in a table
(Fig. 12) via realization of the paleontologic systematic.

Description of species

Ordo : Foraminiferida Eichwald, 1830
Family : Nummulitidae De Blainville, 1825

Genus : Nummulites Lamarck, 1801

Nummulites pinfoldi Davies, 1940
(Plate I, fig. 1-2)

1940 Nummulites pinfoldi Davies, Davies, p. 209
1976 Nummulites pinfoldi Davies, Sirel and Gindiz, p. 31-44

Description: Macrospheric figure : The shell is 2 mm in diameter and is 1.1 - 1.2 mm
thick. Form of the shell: Lenticular, the central part is bulbed with a white patch; the division lines
are thick and form a radiating pattern of divisions. The planspiral has four tours with wide coiling;
is 50-70 microns thick. The divisions are slightly inclined to straight and height of the chambers
slightly exceeds the width. The first chambre is isolepidine and is 70 microns in diameter.

Microspheric figure: The measured diameter and thickness of the shell are respectively
1.7-2.15 mm and 0.85-1.35 mm. The outer features are the same as described for the macrospheric
figure. The planspiral has five tours with wide coiling and is 50-70 microns thick. The first chamber
is small.

Stratigraphic distribution: Middle Lutetian.
Occurrence: Northwestern Malatya, vicinity of Medik-Ebreme.

Nummulites beamonti D'Archiac and Haime, 1853
(Plate I, fig. 7-10)

1853 Nummulites beamonti D'Archiac and Haime, Archiac and Haime, p. 133

1951 Nummulites sub-beamonti De La Harpe, Daci, p. 215
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Description: Macrospheric figure: The measured diameter and thickness of the shell are
respectively 2-6.1 mm and 0.8-3 mm. Lenticular, the margins are sharp and the central part is
bulbed with a white patch. The division lines are turbinate in the centre and is arched towards the
edges. There is a transversal trabecule in the margin of the shell. The planspiral has 4 to 8 tours
with wide coiling with a thickness of 60-150 microns. The divisions are thin, slightly inclined and
straight. The height of the chamber is greater than the width. The first chamber is isolepidine with a
diameter of 0.15-0.30 mm.

Microspheric figure: The diameter of the test varies between 5.9-9.75 mm, the thickness
of the test ranging from 2.8 mm to 4.2 mm. External characters of the shell are the same as in
the macrospheric form. It is counted 11-16 whorl within the shell. The thickness of the spire is 75-
200 w. The septa are thin, slightly inclined and straight. The height of the chambers are greater than
the width of the chambers. The proluculus is very small.

Stratigraphic distribution: Upper Lutetian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.

Nummulites puschi D'Archiac, 1850
(Plate II, fig. 4-6)

1850 Nummulina puschii D'Archiac, Archiac, p. 241

Description: Macrospheric figure: The measured diameter and thickness of the shell are
respectively 7-74 mm and 2.2-2.4 mm. The shape of the shell is lenticular, flattened, the margins
are sharp and the central part is slightly bulbed. The division lines are thick and distinct in the
margins of the shell and are reticuled. There is a granule coating on the surface of the shell. The
planspiral has 8 tours, the coiling is wide initially with transitional lightning and has a thickness of
100 microns. The divisions are thin and short, slightly inclined and arched. The width of the chamber
is greater than the height. The first chamber is subspherical with a diameter of approximately 1.4 mm.

Microspheric figure: The measured thickness and diameter of the shell are 5-5.2 mm and
29.5-30 mm respectively. The outer features are as described in the macrospheric figure. The plan-
spiral has 28 tours with wide coiling and has a thickness of 150-250 microns. The divisions are
thin, short, and slightly arched and inclined. The width of the chamber is greater than the height.
The first chamber is very small.

Stratigraphic distribution: Upper Lutetian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.

Nummulites aturicus Joly and Leymerie, 1848
(Plate 1, fig. 14-17)

1848 Nummulites aturica Joly and Leymerie, Joly and Leymerie, p. 171, 218
1953 Nummulites aturicus Joly and Leymerie, Dac1 and Dizer, p. 270-299, Plate 8, fig. 9
1963 Nummulites aturicus Joly and Leymerie, Schaub, p. 285

Description: Macrospheric figure: The measured diameter and thickness of the shell are
46-7 mm and 24-3.75 mm respectively. The shape of the shell is lenticular with fairly sharp
edges. The division lines are radiating, thin and slightly undulatory. The granules are large in the
centre fining towards the margins with a nonuniform distribution. The planspiral has 6-7 tours
with wide coiling. The thickness is approximately 120-200 microns. The divisions are thin to medium,
short, inclined, arched and occasionally unqulatory. The width of the chambers is greater than the
height. The first chamber is subspherical and has a diameter of 0.5-1 mm.
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Microspheric figure: The measured diameter and thickness of the shell are 101-129 mm
and 2.85-5.8 mm respectively. The division syssem are meandering with meandering, undulatory
and thin division lines. The granules, fairly large in the centre and fine in the margins, are on and
between the division lines. The planspiral has 12-19 tours with wide coiling and a thickness of 100-
200 microns. The divisions are inclined, arched, occasionally subhorizontal and undulatory. The
width of the chambers is greater than the height. The first chamber is very small.

Stratigraphic distribution: Upper Lutetian.
Occurrence:  Northwest of Malatya, vicinity of Medik-Ebreme.

Nummulites perforatus (De Montfort), 1808
(Plate 11, fig. 1-3

1911 Nummulites perforatus Denys De Montfort, Boussc, p. 1516, 29-30, plate VI, fig. 18
plae XXIlI, fig. 1; plate VI, fig. 5

1972 Nummulites perforatus Montfort, Blondeau, p. 161, Plate XXXV, fig. 6-11

Description: Macrospheric figure: The measured diameter and thickness of the shell are
53775 mm and 235415 mm respectively. The shape of the shdl is lenticular, bulbed with
fairly sharp edges. The divison system is radiating with thin and dightly undulating division lines.
The granules, fairly large in the centre and fine grained in the margins, occur on and between the
division lines. The planspiral has 56 tours with wide coiling and a thickness of 100-180 microns.
The divisions are thin to thick, short, inclined, arched, occasionaly subhorizontal and undulatory.
The first chamber is nonuniform, elypsoidd with a diameter varying between 0.85-1.5 mm.

Microspheric figure: The mesasured diameter and thickness of the shdls are 182-29 mm
and 84-152 mm respectively. The shape of the shdl is lenticular, extremely bulbed with rounded
edges. The divison system is meandering. There are fine meanders on the divison lines. There are
fine to medium grained granules of a nonuniform distribution on and between the division lines.
The planspiral has 25-45 tours. The system of cailing has a three stage development in the well-
evolved individuals. Coailing is tight for the initial 6-7 tours dackening for the eight-nineteenth and
becoming extremely tight for the twentieth-forty-fifth. The gap between tours is extremely small
for the latest stage of coiling, with rare twinning. The thickness of the planspiral is about 150-250
microns. The divisions are slanted, arched, extremely danted and undulatory. The width of the cham-
bers exceeds the height. The first chamber is very small.

Stratigraphic distribution: Upper Lutetian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.

Nummulites preafabianii Varentsof and Menner, 1933
(Plate I, fig. 1820)

1933 Nummulites praefabianii Varentsof and Menner, Varentsof-Menner, p. 104

Description: Macrospheric figure: The measured diameter and thickness of the shdls are
1825 mm and 0813 mm respectively. The shape of the shel is lenticular and flattened with
fairly sharp edges. The divison system is reticuled. The division lines are thick and are distinct a
the margins. There is a large granule in the centre circled by a s&t of uniform and fine grained
granules. The planspiral has 4-6 tours with dack cailing and a thickness of 50-100 microns. The
divisons are thick, danted, arched and the edges are thick. The first chamber is isolepidine and has
a diameter of 01-0.15 mm.
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Microspheric figure: The measured diameter and thickness of the shells are 2.8-4.6 mm
and 1.3-1.65 mm respectively. The outer features are as described in the macrospheric figure. The
planspiral has 8 tours with slack coiling and a thickness of about 160-200 microns. The divisions
are thick, slanted and slightly arched. The width ofthe chambers exceeds the height. The first chamber
is very small.

Stratigraphic distribution: Upper Lutetian.
Occurrence: Northwest of Malatya, vicinity of Medik - Ebreme.

Nummulites fabianii (Prever),1905
(Plate I, fig. 2I)

1911 Nummulites fabianii Prever, Boussac, p. 79-84, plate I, fig. 6,13; plate IV, fig. 9,10
1938 Nummulites fabianii Prever in Fabianii, Flandrin, p.48-51, plate III, fig. 71-76

1951 Nummulites fabianii Prever, Daci, p. 206

1972 Nummulites fabianii (Prever), Blondeau, p. 156, plate III, fig. 1-5

Description: Macrospheric figure: The measured diameter and thickness of the shells are
1.8-25 mm and 0.8-1 mm respectively. The shape of the shell is lenticular and flattened with
sharp edges. The divisional system is reticulised with thick division lines intersecting on the spirs.
There is a large granule in the centre encircled by circles made up by fine grained granules. The
planspiral has 5-6 tours with slack coiling and a thickness of 80-100 microns. The divisions are thin,
slightly slanted and arched, and the edges are thick. The width of the chamber is greater than the
height. The first chamber is isolepidine with a diameter varying between 0.1-0.12 mm.

Microspheric figure: The measured thickness and diameter of the shell are 1.2-1.5 mm
and 4.2-4.5 mm respectively. The shape of the shell is flattened with sharp edges. The divisional
system and the granuhzation are the same as that described for the macrospheric figure. The planspiral
has 7-8 tours with slack coiling and a thickness of 60-65 microns. The divisions are thin, arched,
occasionally extremely slanted and the edges are thick. The width of the chambers is greater than the
height. The first chamber is very small.

Stratigraphic distribution: Lower Priabonian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.

Nummulites chavannesi De La Harpe, 1878
(Plate I, fig. 11-13)

1911 Nummulites chavannesi De lLa Harpe, Boussac, p.69, plate XVII, fig. 10
1938 Nummulites chavannesi De La Harpe, Flandrin, p.254-255, plate XIV, fig. 15
1951 Nummulites chavannesi De La Harpe, Daci, p.210, plate II, fig. 9

1972 Nummulites chavannesi De La Harpe, Blondeau, p. 146, plate XXII, fig. 1-3

Description: Macrospheric figure: The measured diameter and thickness of the shell are
2.5-4.5 mm and 0.85-2.1 mm respectively. The shape ofthe shell is lenticular with a bulbed centre
and sharp edges. The divisional system is radiating; the lines of divisions are thin, close to one
another and are slightly curved towards the edges of the shell. There is inconspicous patch in the
central part. The planspiral has 4-6 tours with tight coiling and a thickness averaging 60 microns.
The divisions are thin, long, slightly slanted, initially straight getting arched later on. The height
of the chambers are greater than the width. The first chamber is unisolepidine with a diameter var-
ying between 0.11-0.15 mm.
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Microspheric figure: The measured diameter and the thickness of the shells are 4.0-5.5 mm
and 0.85-2 mm respectively. The outer features are-the same as the macrospheric figure. The
planspiral has 6-7 tours with tight coiling and a thickness of 60 microns. The divisions are thin,
close and slightly arched. The height of the chambers are greater than the width. The first chamber
is very small.

Stratigraphic distribution: Lower Priabonian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.

Nummulites incrassatus De La Harpe, 1883
(Plate I, fig. 3-6)

1883 Nummulites vasca var. incrassata et var. tenuispira De La Harpe, De La Harpe, plate VII,
fig. 27, 28, 29, 32

1911 Nummulites incrassatus De La Harpe, Boussac, p. 32-34
1938 Nummulites incrassatus De La Harpe, Flandrin, p. 40-42, plate III, fig. 24, 50
1951 Nummulites incrassatus De La Harpe, Daci, p. 207-209, plate II, fig. 5, 6

Description: Macrospheric figure: The measured diameter and thickness of the shell are
19-33 mm and 0.85-1.9 mm respectively. The shape ofthe shell is lenticular, bulbed in the centre
and has sharp edges. The divisional system is radiating. The division lines are thick, starts as straight
lines from the centre slightly curving towards the exterior. There is a white button in the centre
of the shell. The planspiral has 4-5 tours with slack coiling and a thickness of 50-100 microns. The
height of the chamber is greater than the width. The first chamber is isolepidine and unisolepidine
and has a diameter of 0.15-0.20 mm.

Microspheric figure: The measured thickness and diameter ofthe shells are 1.8 mm (average)
and 3.2-2.75 mm respectively. The outer features are the same as that of the macrospheric figure.
The planspiral has 6-7 tours with slack coiling and has an average thickness of 120 microns. The
divisions are thin, slanted, slightly arched and closely spaced. The height of the chambers exceeds
the width. The first chamber is very small.

Stratigraphic distribution: Lower Priabonian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.

Genus: Assilina D'Orbigny, 1839
Assilina exponens (Sowerby)
(Plate 1I, fig. 7-8)

1840 Nummulites exponens Sowerby, Sowerby, p. 719, plate XII, fig. 14

1911 Assilina exponens (Sowerby), Boussac, p. 100

1938 Assilina mamillata (D'Archiac), Flandrin, p. 79-80, plate VIII, fig. 6-16

1953 Assilina mamillata (D'Archiac), Daci-Dizer, p.267-268, plate IX, fig. 5-6

1976 Assilina exponens (Sowerby), Sirel ve Giindiiz, p. 39-40, plate X, fig. 9; plate XI, fig. 1-9

Description: Macrospheric figure: The measured diameter and thickness of the shells are
9.1 mm and 1.7-1.85 mm respectively. The shape of the shell is a lentiform of extremely flattened
habit with rounded edges. Spirs and divisions are distinct on the surface of the shell. There are a
few granules in the central part of the shell. The planspiral has six tours with slack coiling and has an
approximate thickness of 200-300 microns. The divisions are thin, slightly slanted and aligned perpen-
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dicular to the tours. The chambers are roughly quadrangular whose height is greater than its width.
The first chamber is unisolepidine and oval shaped with a diameter of about 0.38 X 0.70 mm.

Stratigraphic distribution: Upper Lutetian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.
Family: Discocyclinidae Galloway, 1928

Genus : Discocyclina Giimbel, 1870
Discocyclina sella (D'Archiac), 1850
(Plate 1II, fig. 9-11)

1850 Orbitolites sella D'Archiac, Archiac, p. 405, plate VIII, fig. 10-12

1903 Orthophragmina sella D'Archiac, Schlumberger, p. 278, plate IX, fig. 14-16, 25

1951 Discocyclina sella D'Archiac, Daci, p. 228-229

1958 Discocyclina sella (D'Archiac), Neumann, p.106-109, plate XXII, fig. 1; plate XXVI, fig. 2-4

Description: Macrospheric figure: The measured diameter and thickness of the shell are
2.5-55 mm and 1.1-1.8 mm respectively. The shape of the shell is Ienticular with a bulbed cen-
tre and thin-sharp edges. The granules have a diameter averaging 120-130 microns in the central part.
They are smaller in the exterior parts and are encircled by rosettes with 7-8 petals. The embroyonic
organism is of the eudoscoidine type. The protoconc is spherical with a diameter of approximately
125 microns. The deuteroconc has not fully encircled the protoconc. It has a diameter of 290 X 330
microns and has flattened edges. The periembryonic chambers are in two lines. The first line contains
26 chambers. The equatorial chambers are initially close to a square (40 X45 microns) and become
quadrangular in shape (35 X 60, 55 X 85 microns). The wall of the chambers has a thickness of about
17-20 microns.

Stratigraphic distribution: Lower Priabonian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.

Genus: Actinocyclina Gtlimbel, 1870
Actinocyclina radians (D'Archiac), 1850
(Plate III, fig. 1-3)

1850 Actinocyclina radians (D'Archiac), Archiac, p. 397-456, plate VIII, fig. 15, 16
1951 Actinocyclina radians D'Archiac, Daci, p. 232-233, plate IV, fig. 17,21

1958 Actinocyclina radians (D'Archiac), Neumann, p. 106-109, plate XXII, fig. 1-8; plate XXVI,
fig. 5-7; plate XXXVI, fig. 2-4, 33

Description: Macrospheric figure: The measured diameter of the shell averages 84 mm.
The shape of the shell is extremely flattened and the central part is bulbed. The granules on the
central bulb and radial cods are relatively larger. The embroyonic organism is ofthe nephrodiscoidine
type. The protoconc is spherical with a diameter of approximately 145 x160 microns. Deuteroconc
has not entirely encircled the protoconc and has a diameter of 340x480 microns. The equatorial
chambers are initially close to a square (30 X 40 microns) and become quadrangular in shape (60 x140
microns).

Stratigraphic distribution: Lower Pnabonian.

Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.
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Family : Lepidocyclinidae Scheffen, 1932
Genus : Lepidocyclina Giimbel, 1870

Subgenus : Nephrolepidina H.Douville, 1911
Lepidocyclina (Nephrolepidina) tournoueri Lemoine and Douville), 1904
(Plate III, fig. 4)

1904 Lepidocyclina tournoueri Lemoine and Douville, Lemoine and Douville, p.19, plate 1, fig. 5,
plate II, fig. 2,14; plate III, fig. 7

1962 Lepidocyclina (Nephrolepidina) tournoueri (Lemoine and Douville, Dizer, p.73-74, plate
VIII, fig. 4-6

1975 Lepidocyclina (Nephrolepidina) tournoueri Lemoine and Douville, Mulder, p.64-66, plate 3,
fig. 10; plate 4, fig. 1-3

1982 Lepidocyclina (Nephrolepidina) tournoueri (Lemoine and Douville), Saking, p. 257-258

Description: Macrospheric figure: The measured diameter and thickness of the shells are
1.7 mm and 0.85-1.15 mm respectively. The shape of the shell is lenticular with the central
part bulbed and thin edges. There are 3-5 granules in the central part ofthe shell. The nucleoconc is
of the nephrolepidine type. The protoconchas an elypsoidal shape with a diameter of approximately
290-420 microns. Deuteroconc has a diameter varying between 420-530 microns partially encircling
the protoconc. The nepionic chambers are aligned around the nucleoconc. The neanic chambers
have an hexagonal shape.

Stratigraphic distribution: Aquitanian, Burdigalian.
Occurrence: Northwest of Malatya, vicinity of Medik-Ebreme.
Family : Miogypsinidae Vaughan, 1928

Genus : Miogypsinoides Yabe and Hanzawa, 1928
Miogypsinoides complanatus (Schlumberger), 1900
(Plate III, fig. 5-6)

1900 Miogypsina complanata Schlumberger, Schlumberger, p. 330, plate 2, fig. 13-16; plate 3,
fig. 1821

1957 Miogypsinoides complanatus (Schlumberger), Hanzawa, p. 92

1959 Miogypsina (Miogypsinoides) complanata (Schlumberger), Drooger and Magne, p.273, fig.
6-9, plate 3, fig. 3-7

1962 Miogypsina (Miogypsinoides) complanata (Schlumberger), Dizer, p.76, plate 6, fig. 4
1974 Miogypsinoides (Miogypsinoides) complanata Schlumberger, Raju, p.78, plate 1, plate 2, fig.1-3
1982  Miogypsinoides complanatus (Schlumberger), Saking, p. 259-260

Description: Macrospheric figure: The measured thickness and diameter of the shell are
0.5 mm (mean value) and 1.5 mm respectively. The shape of the shell is fanlike, the apex is bulbed
and the surface is covered by large granules. The embryo-nepionic section lies in the apex of the
shell. The protoconc is spherical with a diameter of 155 microns. Deuteroconc is nonuniform and
elypsoidal and its diameter was measured as 140x180 microns. The embryo-nepionic section con-
sists of a 1.5 tour spiral having 10-14 nepionic chambers. The angle between the apexal frontal
and medio-embryonic lines is negative and obtuse. The neanic chambers have thick walls and are
of a rhombic shape that are initially short lengthening later. Lateral chambers are incipient.
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Stratigraphic distribution: Aquitanian.
Occurrence: Northwest of Malatya, Medik-Ebreme region.
Genus: Miogypsina Sacco, 1893

Miogypsina irregularis (Michelotti), 1841
(Plate 111, fig. 7-8)

1900 Miogypsina irregularis (Michelotti), Schlumberger, p. 328, plate II, fig. 1-7,9,10; plate III

1940 Miogypsina irregularis (Michelotti), Bronnimann, p. 88-94, plate 8, fig. 1-11; plate 10, fig. 6-11;
plate II, fig. 4

1952 Miogypsina (Miogypsina) irregularis (Michelotti), Drooger, p.54, plate II, fig. 25,29

1958 Miogypsina (Miogypsina) irregularis (Michelotti), Mohan, p. 378-380, plate 1, fig. 1-18
1959 Miogypsina (Miogypsina) irregularis (Michelotti), Drooger and Magne, p. 277

1962 Miogypsina (Miogypsina) irregularis (Michelotti), Dizer, plate 1V, fig. 4; plate VI, fig 7
1982 Miogypsina irregularis (Michelotti), Saking, plate VII, fig. 3-7

Description: Macrospheric figure: The measured diameter and thickness of the shell are
1.5-24 mm and 0.5-0.75 mm respectively. The shape of the shell is biconvex, flattened and the
apex is conspicous. There are granules large in the apex and small in the margins. The spherical
protoconc with a diameter of 110-235 microns is partially encircled by the subspherical deuteroconc
with a diameter of 155-340 microns in the embryo-nepionic section. The nepionic spiral has
1/2 tour with 5-6 chambers. The angle y is acute and positive. The neanic chambers have
thin walls, ogeval shaped after the nepionic spiral and ogeval-rhombic shaped towards the margin of

the shell.

Stratigraphic distribution: Burdigalian.

Occurrence: Northwest of Malatya, Medik-Ebreme region.
Miogypsina intermedia Drooger, 1952
(Plate III, fig. 9-10)

1952 Miogypsina intermedia Drooger, Drooger, p. 54-55

Description: Macrospheric figure: The measured diameter and thickness of the shell are
142 mm and 045-0.6 mm respectively. The shape of the shell is fanlike, planoconvex and the
surface is covered by fine granules. The embryo-nepionic section lies in the apex. The spherical
protoconc has a ,diameter of 145-175 microns. The nepionic spiral has 1/2 tours with 4-5 cham-
bers. The angle y is positive and acute. The neanic chambers are ogeval in the first phase and become
rhombic towards the margins. There are three sets of lateral chambers in the axial section.

Stratigraphic distribution: Burdigalian.

Occurrence: Northwest of Malatya, Medik-Ebreme region.

PALEOECOLOGY

The organisms collected from various units defined in this investigation constitute faunal
associations dwelling in various environments for the periods of Jurassic-Cretaceous and specially
Tertiary. These associations and environments of dwelling are shown in a table (Fig. 13).
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Fig. 13 « The environments of dwelling of the fossil associations defined for the investigated area (numbers
indicate the association numbers given in the text).

The association (1) Valvulinella Jurassic a and Clypeina Jurassic a dwelled in the open shelf
environment during the time interval of Upper Jurassic-Lower Cretaceous.

The benthonic association (2) of Quinqueloculina, ostracods, pelycypods and gastropods
dwelled inlagoona and the benthonic association of Velatesschmiedelli, Lucina corbaricus, Cerithium,
Conus, Ogtrea, Quinqueloculina and Triloculina dwelled in beach environments during the time in-
terval of Lower Lutetian.

The benthonic association (3) of Nummulites pinfoldi, Orbitolites complanatus, Fabiania cassis,
Shaerogypsina globulus, Alveolina, Quinqueloculina lived in a shallow shelf in depths not exceeding
20-30 m during the time interval of Middle Lutetian.
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The benthonic association of (4) Nummulites aturicus, Nummulites perforatus, Nummulites
beaumonti, Nummulites puschi, Nummulites praefabianii, Fabiania cassis, Linderina brugesi, Discocyclina,
Operculina and echinids lived in the open shelf environment of depth 30-50 m; the association (5)
Discorbis, ostracoda and thin shelled pelycypods lived in shallow marine; and the benthonic association
of (6) Quinqueloculina, Textularia, Rhapydionina, Peneroplis, Orbitolites dwelled in the shallow
shelf environment of depth 10-20 m for the time interval of Upper Lutetian.

The benthonic association (7) of Nummulites fabianii, Nummulites chavannesi, Nummulites
incrassatus, Fabiania cassis, Linderina brugesi, Chapmanina gassinensis, Halkyardia minima, Baculogy-
psinoides tetraedra, Discocyclina sella, Actinocyclina radians, Operculina lived in the open shelf with
depths of approximately 30-40 m and the benthonic association of (8) Quinqueloculina (ample)
Chapmanina gassinensis, Fabiania cassis, Gypsina marianensis Eorupertia magna, Lituonella, Peneroplis
dwelled in shallow shelf environment in depths 0of 20-30 m. for the time interval of Lower Priabonian.

The benthonic association of (9) Miogypsinoides complanatus, Archaias kirkukensis, Operculina
complanata, Spiroclypeus margaritatus, Lepidocyclina (Nephr.) tournoueri, Amphistegina lessonii,
bryozoa and algae dwelled in shallow shelf environment in depths of 20-35 m for the time interval
of Aquitanian.

The association of (10) comprising the foraminifera Miogypsina irregularis, Amphistegina
lessonii, Quinqueloculina, Textularia and the macrofossils Flabellipecten burdigalensis, Flabellipecten
cf. solarium, Chlamys cf. scabrella, Scutella cf. paulensis lived in the beach or shallow shelf; the ben-
thonic association of foraminifera (11) Miogypsina irregularis, Lepidocyclina (Nephr.) tournoueri,
Lenticulina vortex, Amphistegina lessonii, Sphaeroidina bulloides, Pullonia bulloides, Uvigerina, Hete-
rostegina and the planctonic foraminifera of Globigerinoides, Globoquadrina and Globigerina dwelled
in the open shelf of depths 50-80 m; the association (12) formed by the macrofossils of corals, algae,
pelycypoda, and gastropoda and the benthonic foraminifera Miogypsina intermedia, Borelis melo,
Quinqueloculina, Textularia and Aceryulina lived in reefal environments for the time interval of
Burdigalian.

The fact that the texts by Henson (1950), Blondeau (1972) and Dizer (1982) were most useful
in interpretations of the environments of dwelling, must gratefully be acknowledged.

PALEOGEOGRAPHIC EVOLUTION

Upper Jurassic-Lower Cretaceous period, during which the Horasan9al formation was depos-
ited, the area of investigation was represented by an open shelf. Sedimentation might have conti-
nued until Paleocene; however, this section was most probably eroded away.

The deposits of these aluvial fans were tilted by tectonic movements during Late Paleocene (?)
and Lower Eocene resulting in a new depositional environment during Lower Lutetian. Alluvial
fans and braided streams continued their deposition contemparanous to the transgression during
Lutetian resulting in formation of lagoonal environments on these continental sediments. The sedi-
ments laid down in braided streams and alluvial fans was followed by sediments (Zeynepoglu member)
deposited along' the shore of and in a lagoonal environment prior to deposition of beach sands and
shallow marine carbonates (Yogunsakiz member) with progression of the transgression. Along with
this first transgression in the region, shallow, marine organisms (mainly Miliolidae) were abundant,
although they were soon replaced by organisms of the open shelf such as Nummulites, and Operculina
as there were no obstacles (such as reefs) on the off-shore area. A temporary period of regression,
implied by the Corak member (Upper Lutetian) was proceeded by a lagoonal environment, that
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previously represented a marine environment, covering a large area, also resulting in formation
of a positive area further north. Corak member was not deposited on this positive area, thus Civril
member was deposited unconformably on the Yogunsakiz member via the transgression following a
temporary period of regression. Civril member, on the other hand, was deposited on the lagoonal
Corak member. This section is followed by a continous transgressive section during Eocene. The
[riagac member overlying Civril member consists of shelf carbonates in contrast to the shallow marine
environment prevailing in the north. This picture is compatible with the topographic inclination
expected for the period of regression, Thus it seems very likely, that the northern parts of the area
of investigation was relatively higher and deepening of the environment was increasing towards
south, southeast and east. The Tohma formation, of Middle-Upper Eocene age, emerged during
Oligocene, was tilted and partly eroded.

The region was a positive area during Oligocene. This nondepositional period is implied by
the absence of any sedimentation during this epoch. However, continental Oligocene was reported
(Yoldas, 1972) in the N, outside the investigated area, in the vicinity of the villages of Dostal and
Katilkoy.

During the period of Miocene, the first transgression occurred during Aquitanian. This trans-
gression, responsible for the deposition of the shallow marine Cavus formation, was extremely rapid
implied by formation of a thin horizon of basal conglomerates sharply transitional to shallow
marine carbonates. The Cavus formation emerged, tilted was partly eroded during late
Aquitanian indicated by the angular unconformity basing the Burdigalian sediments. Bortliyenli
member is the first product of the last Tertiary transgression. A wide beach full of elastics of car-
bonates was formed at the beginning of this process. The same area was converted to a shelf on
which deposition of marls was realised. This shelf, on which benthonic foraminifera were dwelling
with the planctonic, gradually emerged resulting in formation of set reefs (ikiztepe member). These
reefs contain abundant algae and corals; in fact, some are made up of these organisms. The evolution
of post-Burdigalian is not known as there is no overlying unit in the area of investigation.

The last depositional period in the area is Plio-Quaternary. The alluvial fans and braided
streams of this period laid down the sediments of the Misirdere formation. The Plio-Quaternary
basin of Malatya is bounded by faults, resulting in generation of alluvial fans towards the interior
parts and a braided stream, most probably having the same course with the current Tohma stream,
has left its sediments in the stream bed excavated in these alluvial fans.

CONCLUSIONS

The area of investigation was mapped lithostratigraphically at the scale of 1:25 000 and six
formations and seven members were differentiated. The Horasangal formation of Upper Jurassic-
Lower Cretaceous age is unconformably overlain by the Medik formation of Paleocene age. There is
an angular unconformity at the base of the overlying Tohma formation whose Iriagac member com-
prises the conformable transition of Upper Lutetian and Lower Priabonian. There are angular uncon-
formities at the bases of Cavus and Ansurcay formations, respectively of Aquitanian and Burdigalian
age. Misirdere formation, Plio-Quaternary in age, overlies all the units exposed in the area with an
angular unconformity.

The range biozones of Nummulites aturicus and Nummulitesfabianii the abundance biozones of
Velates schmiedeli, Nummulites pinfoldi, Miogypsinoides complanatus, Miogypsina irregularis, Miogyp-
sina intermedia and the abundance subbiozones of Nummulites perforatus and Chapmanina gassinensis
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were distinguished in the area for the first time. 552 thin sections and 311 wash samples were
examined in detail. The samples were collected from three type sections and nine complementary
measured stratigraphic sections. A biozone map showing the distribution of the biozones and loca-
tions of the measured stratigraphic sections was prepared. These biozones were matched, bio-
stratigraphically and chronostratigraphically with their equivalents in Turkey and in other parts of
the world.

16 species of the families Nummulitidae, Discocyclinidae, Lepidocyclinidae, Miogypsinidae
were systematically described in the paleontology section.

12 faunal associations of Middle-Upper Eocene and Miocene series deposited in lagoonal,
beach, reefal, shallow and open shelf environments are described with their paleoccologic settings.

The paleogeographic evolution of the region was interpreted through a thorough evaluation
of the lithostratigraphic, biostratigraphic and paleontological characteristics of the sediments exam-
ined by field and laboratory methods.
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PLATE -1

Nummulites pinfoldi Davies

1 - Outer appearance, macrospheric figure, (437), X 10

2 - Equatorial section, macrospheric figure, (1-624), X 17

Nummulites incrassatus De La Harpe

3 - Outer appearance, microspheric figure, (1-684/1), X 5

4 - Outer appearance, macrospheric figure, (I-684/l), X 5

5 - Equatorial section, microspheric figure, (1-674), X 6

6 - Equatorial section, macrospheric figure, (I1-684/G), X 7

Nummulites beaumonti D'Archiac and Haime

7 - Outer appearance, microspheric figure, (508), X 5

8 - Equatorial section, microspheric figure, (508), X 5

9 - Outer appearance, macrospheric figure, (I-662/B), X 6

10 - Equatorial section, macrospheric figure, (I-664/A), X 5

11

13

14

16
17

18
19
20

21

Nummulites chavannesi De La Harpe

Outer appearance, microspheric figure, (1-684/P), X 7
Outer appearance, macrospheric figure, (I-684/A), X 6
Equatorial section, macrospheric figure, (I-684/P), X 6
Nummulites aturicus Joly and Leymerie
Outer appearance, microspheric figure, (1-670), X 4
Equatorial section, microspheric figure, (1-670), X 4
Outer appearance, macrospheric figure, (I-660/B), X 5
Equatorial section, macrospheric figure, (I-660/A), X 5
Nummulites praefabianii Varentsof and Menner
Outer appearance, microspheric figure, (109/S), X 6
Equatorial section, microspheric figure, (1-670), X 4
Equatorial section, macrospheric figure, (1-669), X 8
Nummulites fabianii (Prever)

Equatorial section, microspheric figure, (I1-682/C), X 5
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PLATE - 11

Nummulites perforatus (De Montfort)
Fig. 1 - Equatorial section, microspheric figure, (1-684/A), X 4
Fig. 2 - Outer appearance, macrospheric figure, (1-676), X 5
Fig. 3 - Equatoria section, macrospheric figure, (114/A), X 6

Nummulites puschi D'Archiac and Haime
Fig. 4 - Equatorial section, microspheric figure, (453), X 3
Fig. 5 - Outer appearance, macrospheric figure, (453), X 5
Fig. 6 - Equatorial section, macrospheric figure, (453), X 5
Assilina exponens (Sowerby)
Fig. 7 - Outer appearance, macrospheric figure, (507), X 4
Fig. 8 - Equatorial section, macrospheric figure, (507), X 4
Qiscocyclina sella (D'Archiac)
Fi
A
-

g. 9 - Outer appearance, macrospheric figure, (1-684/J), X 22
g. 10 - Equatoria section, macrospheric figure, (1-684/J), X 25
11 - Embryonic section, equatorial section, macrospheric figure, (1-684/J), X 100
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PLATE - III

Actinocyclina radians (D'Archiac)

1 - Outer appearance, macrospheric figure, (I-684/l), X 8
2 - Equatorial section, macrospheric figure, (I-684/l), X 12

3 - Embryonic section, equatorial section, macrospheric figure, (I-684/1), X 29
Lepidocyclina tournoueri (Lemoine and Douville)

4 - Equatorial section, macrospheric figure, (I-690/D), X 25
Miogypsinoides complanatus (Schlumberger)

5 - Equatorial section, macrospheric figure, (156/1), X 28
6 - Equatorial section, macrospheric figure, (I-688/D), X 40

Miogypsina irregularis (Michelotti)

7 - Outer appearance, macrospheric figure, (201), X 20
8 - Equatorial section, macrospheric figure, (201), X 21

Miogypsina intermedia Drooger

9 - Outer appearance, macrospheric figure, (i-203), X 23
10 - Equatorial settion, macrospheric figure, (I-203), X 27
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EXISTANCE OF UPPER LUTETIAN IN THE MUS TERTIARY BASIN

Sikri UYSAL*

ABSTRACT.— The stadied area lies in the north of Azakpur town in the east of Mus Tertiary basin. In this study,
the age of the towermost levels of the basin, which was unknown, has been determined as the Upper Lutetian. These
Upper Lutetian rocks consist of claystone-sandstone-conglomerate alternation. Lower levels gradualy pass marine
sequence. Lower-Middle Oligosen rocks, consisting of a limy claystone-sandstone alternation, overlie unconformably
Upper Lutetian rocks with a conglomeratic level. Upper Oligocene-Lower Miocene rocks overlie the Lower-Middle
Oligocene sequence conformably. They are made up of limy claystone-sandstone alternation with rare limestone interbeds
and they reflect deep marine conditions. Lower Miocene rocks comprise limy claystone, conglomerate, sandy limestone
and reefal limestone, and indicate shallow marine conditions. Pliocene terrigencous formations unconformably overlie
the Lower Miocene rocks and composed of conglomerate, sandstone and claystone. They also include some lacustrine
limestone and volcanic levels.



GEOCHEMICAL PROSPECTING FOR CARBONATE-BEARING LEAD-ZINC
DEPOSITS IN THE WESTERN ZAMANTI (ALADAGLAR-YAHYALI) REGION

Ahmet AYHAN* and Mehmet ERBAYAR**

ABSTRACT. — Characteristic sampling methods and dispersion types formed by secondary processes (karstification)
have been determined for the exploration of burried carbonate-bearing lead-zinc deposits in the Aladag Region by
studying such minor elements as Cu, Pb and Zn. The most favorable geochemical prospection method in this area is
determined to be soil surveying of the overburden, tectonically crushed zones and rock talus fans. The widespread
secondary dispersions are created by chemical and mechanical accumulations. The dispersions cover rather wide areas,
due to the soil formation, effects of surface-and undergroundwaters and glacial movements. A study of anomalies of
Pb and Zn elements deposited by chemical means is the best way for the prospecting of burried ore deposits.

INTRODUCTION

The lead-zinc belt of Zamanti region is the most important mining district from the view of
tonnage and distribution among the similar ore deposits of Taurus Mountains. Aladag region is
located in the western part of this belt in the vicinity of Yahyali (Kayseri) and Camardi (Nigde)

(Fig- 1).

There are a lot of carbonate-bearing lead-zinc deposits and occurences in the Aladag region.
Some of these occurences and ore deposits, which were formed by karstification processes, are not
exposed. Any effective geochemical prospecting method to find out either burried ore deposits
showing no outcrops, or probable ore bodies between operating mines has not yet been
developed for this area.

Kalekdy lead-zinc deposit situated in the central part of Zamanti in the eastern part of the stu-
died area, was investigated by Koksoy (1964), who carried out his geochemical studies both directly
upon the deposit and its surroundings. Because of the development of a residual soil cover on the
Devonien limestones, suitable for a detailed geochemical prospection, he collected systematical soil
samples and correlated SP anomalies. Number of occurences and ore deposits in the lead-zinc belt
of Zamanti are found mainly in the sequences of carbonates of the different tectonic units deposited
in different environments during the time between Devonien and Cretaceous. Because of absence of
a proper soil cover on the rocks, systematical soil sampling was not possible. For this reason, the
study carried out in Aladag region, is considered to be the mosnt convement geochemical prospect-
ing method applicable to the Zamanti belt. In the present study a suitable general geochemical
prospecting method is proposed. In addition, definite sorts of secondary dispersion are also

ascertained.

GEOLOGY

In the Aladag region the following tectonic units are determined from north to south (Fig. 1):
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— Yahyali nappe (Devonian-Triassic)

— Siyah Aladag nappe (Upper Devonian-Jurassic)
— Cataloturan nappe (Lower Carboniferous-Permian)
— Minaretepeler nappe (Upper Triassic)

— Beyaz Aladag nappe (Upper Triassic-Jurassic)

— Aladag ophiolitic melange (Upper Cretaceous)
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Fig. 1 - Location map and geological setting of studied area in the Aladag
Region.

Yahyal1 Granitoids which exposed only along the northern border of Yahyali nappe to the

north ofthe studied area, intruded into these rocks. They lie under a thick sequence of nappes, placed

one on top of the other.

Tertiary sediments are deposited only in a small area between Maden Bogazi and Minaretepeler
section. Tectonic units, which have thrusted over each other, contain mainly platform carbonates.
This region was overthrusted in Maestrichtian time (Tekeli, 1980). Apart from Beyaz Aladag and
Cataloturan nappes, all other nappes carry some traces of mineralization.
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Primary carbonate-bearing lead-zinc in western Zamanti are deposits believed to be hydrother-
mal in origin and probably related to Yahyali granitoids. This phase is represented mainly by sulphide
ore minerals such as galenite and sphalerite. After the ore deposits were formed, they were redeposited
again by multikarstification processes and meanwhile they were altered into secondary minerals
such as smithsonite, serusite and limonite (Ayhan, 1983a, 1983b). Occurences, which are completely
tectonically controlled, replaced the fractures of carbonate rocks, belonging to the above-mentioned
three tectonic units. The largest unit of the studied area is the Siyah (Black) Aladag nappe, which
includes the biggest ore deposit.

GEOCHEMICAL PROSPECTION

Methods of sampling and analyses

In the studied area, because of intensive karstification, unsuitable climate conditions and topog-
raphic position, a convenient soil cover has not been developed. Very steep parts ofthe field are covered
with the host rocks and talus fans at the both sides of valleys. A very thin overburden originated
from its surrounding limestones has been developed only in more or less flat areas. In all other
areas there aren't any sort of trees or other wide-spread plantation. Furthermore, the Aladag
Region is topographically in the highest position in the vicinity of Yahyali and Camardi, where
extremely fractured carbonate rocks exposed. For this reason, no water springs exsist in any other
formations apart from ophiolitic melange belts and marl-bearing sequences. There is only a seasonal
water activity at the beginning of spring time.

Considering the mining activities in the Zamanti District from the Hitite times to present
(exploitation and smelting (Metag and Stolberg, 1971), the roads and paths connected the deposits or
near settlements, following gentle morphological grounds, valley floors and streams. Under these
factors, in the studied area, it's concluded that a suitable geochemical prospection can not be carried
out by getting systematical water and stream sediment samples.

In as much as mineralization controlled by tectonic activities, a geological map should
include all detailled tectonic structures, before the geochemical prospection starts. The relation bet-
ween mineralization and tectonic features was investigated during the field work and, hence what
sorts of samples from where needed to be collected was established. It's suggested that, the
sampling be carried out on profiles perpendicular to the tectonic lines having ore potentials
or along certain fault zones and rock talus fans. Soil samples were taken with convenient intervals and
enough numbers depending upon the topographic position of the area, the lengths of fracture zones,
and the distribution of soil and talus fans. Sampling depth was selected due to thickness of soil and
talus fans. Trenches were dug down to host rock where thin soil covers the surface. As the samples
were taken from fine fractions of components of covers next to host rocks, sampling in thick covers
was proceeded from relatively deeper zones (up to 1-2 m), where finest components of soil were present.

Soils on the ore-bearing fractures are red-brown in colour, because of Pb and Zn oxides.
This situation can be easily distinguished in the field from typical mylonites of fault zones and guide
probable mineralization part. Fractured zones show similar cases or same colors. 1159 soil samples
(200-500 gr) were collected from 300km’, dried, sieved to minus 80 meshes fraction and packed.

Development ofthe cheapest prospecting method to find out carbonate-bearing Pb-Zn deposite
was the aim of this work; so base elements such as Cu, Pb and Zn were analysed. These elements
hvea also successfully been used in exploration of many lead-zinc deposits. The elements in soil samples
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were analysed in the laboratories of MTA by Atomic Absorption Spectrometre. The results of analyses
were carried into the computer and interpreted at the MTA computers center through the program-
ming language of FORTRAN-4 with programmes of Listat and Poponal I and II.

Anomalies and their evaluation:

The Cu, Pb, Zn contents of soil samples, collected from Yahyali granitoids, Aladag ophi-
olitic melange belt, Tertiary sediments and other geological formations, except, the marl-mudstone
sequences, were evaluated. Only four groups of these rock units; Siyah Aladag-Permian limestones,
Siyah Aladag-Jurassic limestones, Minaretepeler limestones and Beyaz Aladag-Limestones showed
typical and certain anomaly populations (Fig. 2 and 3) and cumulative frequency curves of the Pb
and Zn values measured from these limestones and plotted in the figure 4 and 5. As it's known
from many geochemical studies, elements have log-normal distributions (Ahrens, 1954 and 1957).
From this point of view, it's supposed that the Pb and Zn values dispersed in four different limestone
groups show log-normal distribution. The values of both elements display narrow distributions
arround the mean values and their log intervals were calculated as 0.20 (Table 1 and 2). In respect
to this log interval, minimum 10 and maximum 16 classes were obtained in each group.

The cumulative frequency points plotted in the probability graphs indicate more than one
straight line. The positive skewness point of these lines is known as threshold (t) value. As a back-
ground value (b) on the regular cumulative frequencies a point where the frequency line and the
line drawn parallel to the absis from the 50 % point on the ordinate axis intersect, is taken as a
background value. This value gives geometric average of results. Values lying over threshold, repre-
sent anomalies. Values of points obtained by intersecting of straight lines and probability lines at
97.5 % and 2.5 % on log probability plot, give = 2 standard deviation.

All the cumulative frequency curves, which reflect the distribution of Pb element in four dif-
ferent carbonate units, show positive skewness (Fig. 4) The positive skewness of cumulative frequency
curves for Minaretepeler and Beyaz Aladag limestones are found between 25 % and 35 % levels.
This situation points out, that the populations in both limestones reveal high values (Lepeltier, 1969).
Threshold values calculated for each unit are given in figure 4. Here, the part lying above the thres-
hold line represents the main and normal population and the part below it anomalous populations.
The distribution and threshold values of zinc element for the same rock groups, demonstrate same
differences with respect to the Pb element (Fig. 5). For example, while on the straight lines indicate
low values on the probability graphs for zinc, some breaks were observed, but no breaks on the lines
of lead values. Low sensivity of the analyses is responsible for such sort of breaks like at the curve
of Pb. 100 of the 463 samples taken from Siyah Aladag-Permian limestones have low values under
40 ppm. Although these measurements were repeated by AAS three times, where the values over
the error limits (£ 20 %). This case caused some breaks and deviations in the low valued parts of
the cumulative frequency curves.

The curves belonging to Siyah Aladag-Permian limestones and Jurassic limestones give clearly
positive skewnesses (Fig. 5). On the other hand, as it was illustrated on the curve of Siyah Aladag-
Permian limestbnes, the positive skewness is found sometimes just below 2.5 % probability line.
Such a situation indicates little amounts of high values. If the breakings related to the low values
for Minaretepeler and Beyaz Aladag limestones are not taken into consideration. Although they don't
show any important skewnesses (positive and negative) in these limits, they give a single distribution
staying in the error limits (Lepeltier, 1969).
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Table 1 - Distribution tables of Zn values for soil formation on the rocks (n= number of samples):
a - Siyah Aladag-Permian limestones (n=463).
b - Siyah Aladag-Jurassic limestones (n=445).
¢ - Minaretepeler limestones (n=179).
d - Beyaz Aladag limestones (n=67).

a
Semf aralifs
(Log, Int.) pom i ef % ¢f
1.07 11.75 3 463 100.00
1.27 18,60
5 460 99,30
1.47 29.50
12 455 98.20
1.67 46.80
74 443 95.70
1.87 741
79.7
. 117.5 113 266 57.50
2.27 186,00 .
84 153 33.00
2.47 295,00
33 & 14.90
2.67 !
7 7
. 1.
8 14 3.00
3.07 1175.00 ’ ¢ 3.0
3.27 1860.00 1 5 1.07
347 2050.00 ! : ’a
3.67 4680.00 : 4 o8¢
3.87 741000 : } o<
407 11750.00 .
b
14 2 2 45 100.00
. . 16 443 99,70
1. 7.1
7 427 9.
07 17,
131 356 30,00
2.27 186.0
105 25 50.50
2.47 295.0
84 120 27.00
2.67 468.0
17 36 B.00
2.87 741.0 ; 3 s
3.07 1175.0 2 19 4
3.27 1860.0 ; ” 20
3.47 2950.0
3 5 1.00
367 4680.0 3 : 1%
3.87 7410.0 :
£
1.47 29.8 4 1% 100.00
1.67 4.3
175 7.7
1.87 .
7 .
2.07 117.5
32 159 58.80
2.27 186.0
3 127 70.90
2.47 205.0
41 4 46.90
7.67 .
24 a3 24.00
2.87 741.0
12 19 10.60
3.07 1175.0
6 7 3.90
' 1860. 1 1 0.56
3.47 20500 -
a
1.47 29.5 . _
L.67 46.8 3 67 100.00
1.87 741
1 64 955
07 7.
1 .
2.27 186.0
19 45 67.00
2.47 295.0
. : 12 19 2835
2.87 741.0
6 7 10,44
3.07 1175.0 ¢ ! -4
3.27 1860.0 :
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Fig. 2 - Geochemical anomaly map of the Western Zamann for lead.
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Table 2 - Distribution tables of Pb values for soil formation on the rocks (n= number of samples):
a - Siyah Aladag-Permian limestones (n=463).
b - Siyah Aladag-Jurassic limestones (n=445).
¢ - Minaretepeler limestones (n=183).
d - Beyaz Aladag limestones (n=68).

Swnf araigs a
(Log. Int.) ppm F o % o
1.27 18.6 4 463 100.00
1.47 2.5
114 459 9.00
1.67 46.8
138 245 74.50
1.87 74.1
13 207 44.70
2.07 117.5
54 94 2030
2.7 186.0
19 40 8.60
2.47 295.0
9 21 4.50
2.67 468.0 : z 3
2.87 741.0 5 1z 2.
3.7 1175.0 3 7 1.50
3.27 1860.0 3 ! oL
3.47 2050.0 : X 988
3.67 4680.0 .
b
1.67 46.8 - a5 100.00
1.87 74.1
85 370 83.00
2.07 7.5
130 285 64.00
.27 186.0
93 155 35.00
2.47 295.0 s 82 14.00
2.67 6.0 hid 62 4
2.87 41.0
3.07 1175.0 5 13 .92
3.27 1860.0 - - -
14 2950.0 3 3 1.0
3.67 4680.0 :
1 4 0.89
3.87 7410.0 ] 3 0.8
4.07 11750.0 .
[
1.27 18.6 _ _ _
1.47 29.5 ; " 10000
1.67 46.8
42 175 97.20
1.87 74.1
63 133 73.80
2.07 117.5
30 73 40.50
2.27 186.0
16 3 23.80
2.47 295.0
1 7 15.00
2.67 463.0
10 16 3.80
2.87 741.0
5 6 3.30
3.07 1175.0 : : 53
327 1860.0 -
d
1.27 18.6 _ _ _
1.47 295 : o 10000
1.67 46.8
24 64 94.00
1.87 74.1
16 40 58.00
2.07 117.5
7 24 35.30
2.27 186.0
8 17 25.00
2.47 205.0
4 9 13.30
2.67 468.0 : : 23
> HE. L
3.07 75.
3.27 1860.0 1 1 149
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Fig. 4 - Cumulative frequency distribution of lead concentrations.

Although the inflection points of Freguency curves don't coincide with the line of + 2 standard
deviation. In this method, the values correspond to the inflection points can be accepted as
threshold values. This is simply because the samples collected from the known mineralized areas
yielded high values of Pb and Zn and therefore cause the mean of the population to be high.
In the north of Ispir Tepe there is a moraine cover with a maximum thickness of 15 m., from where
the soil samples were collected and Pb and Zn elements were determined. Their element contents
reach up to 10000 ppm. The main reason for high values is the Ispir Tepe ore deposits, which
occured next to the southwest of moraine covers. Ore minerals were transported from ore deposits
which mentioned above by the effects of mechanical processes such as glacier. After that, they were
dispersed into fine grained components of moraines by partly chemical alteration. Chemical dispersion
has a wide dimension, especially where the Pb and Zn sulfides can be solved, chemically trans-
ported and deposited under oxidation conditions at pH=6-8.5 and Eh (+) (Garrels, 1951).

The probable sources of anomaly values determined from soil samples, which lie on the Jurassic
limestones of Siyah Aladag Nappe extending along western slope of Bagyayla Corridor, can be inter-
preted as in the following ways: a) The anomalies indicate a burried occurrence situated under a ridge
chain extending toward Goktepe region, b) They can be originated from solutions of the Aladag-
Delikkaya mine, occurrences in the vicinity of Goktepe and Tugrul mine, ¢) Mechanical transportation
by glacial movements. Considering the second probability, the anomaly is concerned within non-
significant anomalies. Because the topographic position inconvenient for the solution to move, possi-
bilities are weak to cause such anomalies. The same situation was observed along western slope of
Zindandere in the east of Mezargedik occurences. On the other hand, it must be considered, that the
distribution and the movements of acidic waters derived from a mining waste, might cause of such
non-significant anomalies.
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Fig. 5 - Cumulative frequency distribution of zinc concentrations.

Samples taken from the soil formation on the Upper Permian and Jurassic limestones of the
Siyah Aladag Nappe, contain high values of Pb and Zn. These values are higher than the values ob-
tained in other countries. Zn contents of soil samples collected from different countries and determined
by Swaine (1955) vary between 10 and 300 ppm with an average of 70 ppm. According to this researcher,
the average value of soil is 15 ppm. The higher Pb and Zn anomaly values of samples taken from
our area is related first of all to the widespread occurences exposed in the region. Morever, the elements
bound in clays, iron oxides and organic materials would be transported to certain distances, is another
fundamental reason for the high values. This concept was confirmed by the following factors: Carbon-
ate sequences of Siyah Aladag Nappe contain high bituminous material, and pyrite minerals were
weathered into iron oxides during the karstification stages and therefore, clay minerals occurred in
karkstification environment (Ayhan, 1983a).

Table 3 - Cu values of soil formations on the rocks,

. Ornek Sayiss Min. deger Mak. defer

Birim (Unit) (Number of samples)  (Min, value} {Max. value)
Siyah Aladag - Permiyen 238 5 ppm 264 ppm
Siyah Aladag - Jura i34 6 ppm 66 ppm
Minaretepeler _ 15?7 12 ppm 89 ppm

Beyaz Aladaf 56 20 ppm 72 ppm
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The Zn contents of analysed samples are generally higher than Pb contents. Because, the metal
ions such as Zn+’, Cu™, Pb"?, Hg+’ and Fe+’ posses a low geochemical mobility under sup-
ergen conditions and the mobility decreases from zinc to iron (Dall'Aglio and Tonani, 1972). Beside
the mobilities of both elements, their solubility differences rulet the dimensions of secondary dispers-
ions. Minerals such as cerussite and anglesite generated from galenite under oxidation conditions
can not be desolved easly. On the other hand, zinc and copper sulphates formed under similar condi-
tions can be easly soluble and they create widespread characteristic secondary dispersions (Levinson,
1974). The Pb values are relatively higher than the Zn values in Ispir Tepe and Kargedigi. Main
reason for this situation is, both chemical dispersion occurred during multikarstification processes and
mechanical dispersions appeared during glacial movements, which formed U-shaped valleys in this
parts of the Aladag Region.

Cu contents of soil samples collected from all carbonate sequences didn't give any anomalous
populations. As it is observed in table 3, they showed copper content in the range of 5 to 264 ppm.
However, most of the samples contain under 50 ppm Cu, copper values of samples taken from various
parts of Tekneli Pb-Zn deposit vary between 20 and 100 ppm (Metag and Stolberg, 1971). On the
other hand this element, which was measured in carbonate rocks ofthe same deposit, shows the varying
values between 4 and 10 ppm (Ayhan, 1985). Copper minerals in Pb-Zn deposits of the region can be
recognized only in microscopic scale. Therefore, soil formations found around this deposit include
more Cu element than the soil formations of other sterile parts of the region. These indicate, that
the higher Cu values could have been originated from lead-zinc occurrences.

.

CONCLUSIONS

Soil samples taken from talus fans, fractured zones and soil formations developed on five
nappes lying one upon another in the Aladag region were geochemically determined. Pb and Zn
contents of soil formations on a few carbonate rocks belonging to Siyah Aladag, Minaretepeler and
Beyaz Aladag gave typical and certain anomalous populations. The following threshold values were
found on the cumulative frequency curves for Pb and Zn: Siyah Aladag-Permian limestones: 130
ppm and 530 ppm, Siyah Aladag-Jurassic limestones: 420 ppm and 600 ppm, Minaretepeler lime-
stones : 125 ppm and 1100 ppm, Beyaz Aladag limestones: 135 ppm and 240 ppm. Most ofthe cumulative
lines show generally a positive skewness (and stay in the confidence limits, i.e. in general 5 %).

The results of analyses of the geochemical soil samples taken from the studied area having an
irregular thin soil cover were interpreted together with field observations and three sorts of secondary
dispersions obtained from lead-zinc prospection were distinquished:

1 — Dispersion through directly mixing of ore minerals with the soils during the formation
of soil and rock talus fans,

2 — Dispersion through mechanical and chemical transportation of ore-forming constituents
by underground waters into fractured tectonic lines and previously formed soil covers,

3 — Dispersions created both by the breaking out of the ore-bearing occurrences and by trans-
portation of'soil formations rich in Pb and Zn found in the vicinity of occurrences during glacial move-
ments.
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The chemical kind of dispersions especially posses a key character for the prospection of
burried occurences. For this reason, the probably located occurences effected by these processes
can be detected by sampling and interval of 20-50 m.

As primary mineralization originated from hydrothermal solutions which migrated and dis-
persed in short distances, except along some fractures and furthermore the anomalies derived from
them have been fully overprinted by the widespread secondary dispersions, it's impossible for favo-
rable geochemical prospection to be carried out by the primary dispersions.

Soil samples collected from the studied area show high values of Pb and Zn. These values are
directly related to the presence of many occurrences in the region to effectiveness of glacial movements
and to dispersions bounded with the clayey and bitumineous materials. Some Pb anomalies are higher
than the Zn anomalies. This confirms, that the mechanical transportation and dispersion were effec-
tive than the chemical one in some places.

The anomalies obtained from the north of Kiyma Tepe, in the easthern part of Minaretepeler
nappe, were created either by a probable mineralization situated at depth or by leakages originated
from Aladag-Delikkaya mine.

In the light of field observation and geochemical data, anomalies obtained from some parts
of Kargedigi, western slope of Zindandere and Basyayla Corridor, from the south and north part of
Cobankaya Tepe indicate the necessity of a more close geochemical sampling (Detailed prospecting)
and of excavation of shallow trenches and short galeries, where the high values of both minor elements
were measured.
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REMARKS ON DIFFERENT METHODS FOR ANALYZING TRONA AND SODA SAMPLES
Giilay ATAMAN*; Siiheyla. TUNCER* and Nurgiin GUNGOR*

ABSTRACT. — Trona is one of the natural forms of sodium carbonate minerals. It is well known as «sesque carbonate»,
«urao» or «trona» in the chemical literature, and the chemical formula of the compound is [Na,CO,.NaHCO,.2H,0].
The aim of this work is to adapt the standard methods for the analysis of trona samples, considering the inter-
ferences arising from silicates and other minerals found together with trona samples. In order to reduce the experimen-
tal errors, the analyses used for the determination of trona samples have been revised. The experimental results using
potentiometric titration, AgNO, external indicator and BaCl, titration methods have been compared to theoretical results
using statistical evaluations. 95 % confidence level, which is commonly used by analytical chemists, was employed as

the basis of evaluation, R values, Student's t calculated at 95 % confidence level of 7 trona samples from Beypazari,
Student’s t tabulated

for the percentages of Na,CO,, were found to be 0.008 in BaCl, method, 3.25 for AgNO, external indicator method and
3.26 for potentiometric method; for the percentages of NaHCO, the same values are 0.59 for BaCl, method, 2.83 for
AgNO;, external indicator method and 3.59 for potentiometric method. Systematic error is indicated when R> 1. In addi-
tion to quantitative analysis of trona samples, qualitative XRD analyses have been routinely performed for each sample
and the results were found to be in good agreement.

INTRODUCTION

Trona is a naturally occuring from of sodium carbonate minerals. It may be named as «sesque
carbonate», «urao» or «trona» the general formula for the compound is [Na,CO,. NaHCO,. 2H,0].
A double salt of sodium carbonate-sodium bicarbonate, trona is soluble in water. Crystals of this
mineral is transparent or white, the color darkens with increased impurities. Its density is 2.1 g/cm’
and hardness is 2.5-3 on Mohs scale.

Production of soda ash from trona is somewhat simpler than Solvay or Leblanc processes
and can be accomplished at a lower cost. Solvay or Leblanc processes are well described in literature
(1). Two variations of production of soda ash from trona are in use. One starts by dissolving trona
ore (trona process); the other first calcines trona and then dissolves the crude soda ash thus produced
(monohydrate process) (2). In both processes production of soda is particularly simple.

Sodium carbonate is one of the basic chemicals, and increase in its usage generally is parellel
to the economical growth. Sodium carbonate is commonly employed in glass and ceramic, petroleum,
aluminium, paper industries, manufacture of soap and detergents, in the production of caustic soda
and sodium nitrate, ferreous and non-ferrous metallurgical processes.

The first natural resources of trona were discovered in the United States; initially in the west
later in Green River, Wyoming (2). The other important resources are Mogadi Lake in Kenya and
Texaco underground brines in Mexico. Ninety percent of world's production comes from the United
States of America. In 1939, seventeen Solvay factories were actively operating in the U.S.A. Today
only one of these is in operation, the rest have been replaced by natural soda. In Europe, however,
the dependency on solvay process is still valid as no significant resources have been discovered.
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TRONA RESOURCES IN TURKEY

Natural soda in Turkey, is present in lake Van and lake Arm which is nearby the former. The
concentration of soda in lake water, however, is low and the time available for the use of solar energy
is only 2-3 months per year; therefore soda production is not economical at the present time.

The first trona deposit in Turkey was found by Mineral Research and Exploration Institute
(MTA) around Beypazari, during coal exploration studies. The studies showed that trona is present
130-140 m deep, in layers which are thicker and richer in quality compared to the ones in the U.S.A.
The results obtained from only such a limited area indicated the presence of nearly 200 million
tons oftrona. This reserve may be small in comparison to 50 billion tons reserve in Wyoming (U.S.A.).
However, exploration activities in the same area show that discovery of new orebodies is possible.
Such a resource will allow the production of chemicals such as "soda, sodium hydroxide and other
sodium derivatives for about a hundred years. The resource which was found by MTA has been
transferred to Etibank.

Scope of the work

The main purpose in trona analysis is the quantitative determination of water soluble carbo-
nates. In most cases, however, trona is also present in clays and other minerals. Despite this fact,
analytical methods were not developed considering these matrix conditions. The kind and quantity
of clays and other carbonate compounds not seperated from aqueus phase, require different kind of
analytical methods. The purpose of this study has been the application of several analytical methods
on core samples obtained from Beypazar trona field. Investigations have been carried out in order
to eliminate several analytical interferences affecting the accuracy of the results.

General information on analytical methods

X-ray diffraction spectrometry (XRDS) was used for qualitative analysis of samples, where
other analytical methods were employed for quantification.

X-ray diffraction spectrometry: XRDS is a common method to determine the kind of mine-
rals. The principle is the determination of the distances between crystal layers, employing the diffrac-
tion of X-rays of known wavelength, a diffractometer is used for analysis.

Other Analytical Methods: Two basic aims of the study were to find out the percentage of
trona and determination ofimpurities. The analytical methods applied for these purpose are listed be-
low.

Determination of trona percentage

a. Total alkalinity-potentiometry
b. Na,CO, percentage-calculation by (a) and (c)
c. NaHCO, percentage-potentiometry, volumetry (AgNO, and BaCl, methods)

Determination of impurities

a. Water insoluble content (ASTM, 1980)
b. SO, determination-Gravimetry (ASTM, 1980)
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c. Cl determination-Mohr method (ASTM, 1980)
d. Ca+t+ and Mg++ determination-EDTA complexometry (ASTM, 1980)

Basic features of analytical methods used are given in «Experimental section».

EXPERIMENTAL

Reagents and solutions

All analytical reagentswere of analytical purity. Deionized water used, contained all the species
determined below their detection limits. All the solutions were prepared according to the directions
in the references given below.

Instrumentation

A Jeol JIDX-8P spectrometer with a Cu source operated at 40 kV and 20 mA, Ni filter were
used for instrumentation.

For potentiometric measurements, initially a system consisting of a Corning Model pH-meter
with a peristaltic pump, magnetic stirrer and a strip chart recorder was used. In later stages of the
study, a TOA HSM 10A fully automatic titrator and finally Fisher model CAT automatic titrator
with a microprocessor control were employed to further verify the results.

Conventional burettes and other glassware were used for AgNOj-external indicator, BaCl,,
Mohr's and EDTA complexometric methods. Gravimetric determinations were realized by necessary
conventional apparatus.

Preparation of samples

Solid samples were dried at 30°C and powdered prior to XRD anaysis. For other anaytica
methods, samples were powdered and dried at 30°C and was dissolved in deionized water to yield
a 20 g/1 solution; after standing overnight, aliquots were drawn from this solution for analyses.

Analytical methods

For determination of trona percentage, the methods applied and their fundamental principles
are given below and the, necessary adaptations have been made.

1. Potentiometry (Skoog, 1969)

2. BaCl, volumetric titration (Monographs, 1981)

3. AgNQ; titration with external indicator (ASTM, 1980)
4, X-ray diffraction spectrometry

1. Potentiometric method. — Trona samples were titrated with 0.1 N HC1; and total akalinity
was calculated from second endpoint where carbonate and bicarbonate contents were calculated by
using first endpoint. A titration curve and endpoints of atrona solution is given in Figure 1. In addition,
the studies were carried out on pure N&CO; and synthetic NaoCOz-NaHCO; mixtures, clay+trona
and finally dolomite (CaCOs+MgCOQO;) +clay+trona mixtures, in order to investigate on possible
interferences in this method.



60 Gllay ATAMAN; Siheyla TUNCER and Nurgiin GUNGOR

2. BaCl, volumetric titration method. — The principle in this method is transformation
of bicarbonate ions into carbonate by NaOH, precipitation as BaCOs by BaCl,, and back titration
of excess NaOH by acid. Concentration of bicarbonate is this determined. Carbonate content isfound
by caculation using dso tota akalinity values.

3. AgNO; titration with external indicator. — The principle in this method is the deter-
mination of bicarbonateionsusing NaOH asatitrantand AQNOz asan external indicator. Carbonate
content is found by calculation using dso total akalinity vaues.

1 * end paine

nd

2 end point

] a L} + L] L] ¥ L] L ] ] L) a L ) L[] -
0, HCH

Fig. 1 - The endpoints in potentiometric titration of a trona sample with hydrochloric acid.

Appendix 1 — Some definitions for trona analysis

Tota alkalinity : This represents the total of CO*3and HCO; ions contained by water soluble part of the sample,

in terms of Na,O and Na,CO3. This corresponds to total of Na,COs; and NaHCOs.
Example :
A sample which condgs of 100 % trona, has a totd akalinity of

41.13 as NaO %, or

70.34 as NaCOs; %

NaCO; % vaue : This corresponds to the red Na,COs as weight percentage in the sample.
Example :
A sample which conggts of 100 % trona; has a NaxCO; % vaue of 46.89.

NaHCO; % value : This value corresponds to the real NaHCO; as weight percentage in sample.
Example :
A sample which conggs of 100 % trona has a NaHCO; % vaue of 37.16.

Trona % value : When the sample is known to be trong, this is a value as calculated from «totd akainity».
Example :

For a sample which contains tronaand possibly clay and other compounds, if total alkalinity is 41.13 % as
NaO, trona % vaue should be 100.
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Appendix 2 — Other minerals coexist with trons in Ankara-Beypazar samples

Mineral Formula
Trona Na;CO; .Na.HOO; 2H,O
Pirszonite NapyCOy.CaC0,y. 2H,0
Gaylussite NaC04.CaC05. 5H20
Nahcolite NaHCO;
Thermonatrite Na;C0Oy. HO
Brugnatellite MggFeCOy(OH),3.4H,0
Natron Na;CO, . 10H,0
Mirabilite Na;50,.10H;0
Thenardite Na,80,
Glauberite Na3804.CaS0,
Dolomite CaCO; MgCO,
Amlcite NaxO, Al:05.45i03. 2H,0

Appendix 3 — Some conversion factors employed in evaluation of trona

analysis results
Resuli given X Factor = Result sought
leCOs 58483 Nﬂzo
NazCOy 2.1324 Trona
Trona 41139 NaO
Trona 46894 Na,COy
Trona .37167 NaHCO4
Trona .15939 H;O
Trons .2965 Ignition Loss
Trona ,70_34 Na,CO; Equivalent
Trona L1991 H,0
Trona 0974 CO,
NaHCO, .36895 Nay,O
NaHCO, 2.6905 Trona
NaHCO, 360 H;0 + CO,
Nﬂ'[C‘O3 .6309 NayCO, Equiv:lent
Appendix 4 — Some definitions for statistical evaluations

Standard deviation, s; individual result, x. ; mean value, x ; number of results, n; true value, u and student's t

value have their common meanings. Student's t can be calculated as follows, where t

given confidence level.

|e-=|va

calculated = s
calculated
R —mm ———

trable

we 15 @ table value at a

A value of R which is larger than 1.0 indicates systematic error for a set of results. A confidence level of

95 % has been employed in this study.
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4. X-ray diffraction spectrometry. — Finely powdered sample is rotated in front of X-ray
beam to allow the formation of Bragg angles critical for all the crystal layers. The layers corresponding
to these angles cause constructive interference of source radiation; and high intensity of source beam
thus formed is detected by diffractometer to form convenient spectra. These spectra are further eval-
uated and by d values of (hkl) surfaces, mineral composition of sample is determined by the aid of
ASTM data cards.

RESULTS

The studies were carried out to adopt standard methods for the analysis of trona samples,
considering the interferences arising from silicates and other minerals present in trona samples. Among
the methods in literature for the speciation of NaHCO,-Na,CO, in trona samples, the most appli-
cable ones are BaCl, titration, AgNO, external indicator, and potentiometric titration. These three
methods were tried on synthetic Na,CO,-NaHCO, mixtures for comparisons of analytical perfor-
mances. Typical results are given in Table 1 for a synthetic sample. Total alkalinity values given in
Table 1 and in other results were determined by potentiometric titration method. The errors found in
Na,CO,-NaHCO, speciation by potentiometric method were higher then other methods. In order
to further investigate this, a synthetic solution containing Na,CO, only was analyzed by potentiomet-
ric titration method and Na,CO, percentage was found as 106t1 from the first end point and 100x1
from the second end point. These predeterminations demonstrated that total alkalinity determined
by potentiometric titration were correct but speciations were not correct. Seven trona samples obtained
from Beypazari were analyzed using AgNO, external indicator, BaCl, titration and potentiometric
titration for the comparison of Na,CO,-NaHCO, speciation and the selection of a simple routine
method for this analytical problem (Table 2). In these samples, the values of total alkalinity by poten-
tiometric titration, trona percentages, XRDS results and results by other methods were also given
(Table 3). The results of analyses were compared with theoretical trona values by student's t test;
where the total alkalinity results are taken as basis for the theoretical values. 95 % confidence level,
which is commonly used by analytical chemists, was employed as the basis of evaluation. The results
of analytical determinations of seven trona samples were compared to theoretical results. At 95 %
confidence level, R values of trona samples from Beypazar for the percentages of Na,CO, are 0.008
in BaCl, method, 3.25 for AgNO, external indicator method and 3.26 for potentiometric method;
for the percentages of NaHCO, the same values are 0.59 for BaCl, method, 2.83 for AgNO, external
indicator method and 3.59 for potentiometric method, systematic error is indicated when R>1. The
results of BaCl, method show that this method gives the results which are closest to the theoretical
values; compared to the other methods.

Table 1 - Representative results for synthetic trona sample
True values; 33.3 9, NaHCOQ,, 66.6 % NayCO,

% Value found, (X + 5)

Method NaHCO; Na,COs
Potentiomety 29.0F1.0 71.0F1.0
AgNO, 33.050.5 67.1F0.5

BaCl, 34.070.5 66.0F0.5
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Table 2 - Detailed analytical results for Beypazar trona samples

Total alka- Trona Water insoluble 504 CI Ca + Mg Diognastic

Sampie no. linity (%) ) part (%) (wefg)  (egle) (i) result by XRD

06.16A.1A 69.17 98.33 0.4 <100 <100 <100 Tronz, brugnatellite

06.16A.2A 55.28 78.59 20.44 <100 <100 <100 Trona, dolomite

06.23.1A 68.77 97.77 1.06 <100 <100 <100 Trona

06.21.1 68.77 97.77 1.37 <100 <100 <100 Trona

06.21.2 67.30 95.68 2.7% <100 <100 <100 Trona

06.23.2A 13.35 80.67 <100 <108 <100 Dolomite, quvars,
analcite, feldspar,
natron

06.21.3 63.77 97.77 111 <100 <100 <100 Trona, brugnateHite

Table 3 - Comparison of the results for NayCO; sand NaHCO; content in Beypazan trona samples
by different methods

NayCOy % by the method indicated NaHCOy 8, &y the method indicated

Somple no. BaCly,  AgNO, Potentiometric  Theore- BaCly AgNOy  Potentiomerric  Theore-
ticaln tical

06.16A.1A 45.76 46.90 50.79 46.04  37.10 35.30 31.00 36.47

06.16A _2A 37.08 37.28 40.714 36.80 28.84 28.53 24.10 29.15

06.23.1A 45.73 46.63 51.32 45.78 36.54 35.12 30.60 36.26

06.21.1 45,68 46.24 48.68 45.78  36.61 35.72 32.30 36.26

06.21.2 4,82 45.50 50.26 44.80 35.63 .56 28.07 35.49

06.21.3 45.90 46.84 48.15 45.78  32.26 34.77 3.1 36.26

a Theoretical values as calculated from total alkalinity results {(Appendix 1).

As it was mentioned in «Introduction», some studies were done to investigate the possible
interferences in analysis by clays and other chemicals present in trona mineral.

The impurities were predetermined by XRD spectrometry, and anadyses were modified
according to the interferences thus known. In order to decide on modifications, following studies
were done on potentiometric titration method which is capable of giving results rapidly.

Interference of clays: In order to verify the interferences of clay minerals on carbonate-bicar-
bonate end points, seperate titration curves were drawn for the mixtures of i) N&COs, clay and
water and, ii) NaCO; and water As it is shown in Figure 2, the presence of clays has no effect
on carbonate-bicarbonate end point. The mixtures were prepared as described in «experimental».
This procedure involves leaving the solution overnight, thus allowing effective sedimentation of clay.
When the solutions were titrated without waiting overnight, titration curves ambiguous and irrepro-
ducible end points.

Interference of dolomite: Possible interference of dolomite was dso investigated, titration
curves were drawn for the cases of i) N&,CO;, dolomite and water; ii) dolomite and water unfiltered
mixture; iii) dolomite and water, filtered mixture. The results are shown in Figure 3. It has been
observed that carbonate-bicarbonate end point was affected when dolomite containing sample was
not filtered. In this case, during the course of titration, as pH is lowered after the first end point
probably a part of dolomite gradually is dissolved causing a higher content of bicarbonate ion.
Consequently, second end point is delayed.
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Fig. 2 « The effect of clay minerals on potentiometric titration of NayCQOs.
(1) 1.0 g Na;CO3 + 0.5 g day 4 100 mi distlled water (pH (1) scale);
(2) 1.0 g Nay;CO3 + 100 ml distilled water (pH (2) scale).

In Figure 4, titration curves for a natural trona solution containing dolomite are shown. When
solution waseft for 3 hours, titration of aliquot taken from the clear part of the mixture gave end points
corresponding to Na,CO; content only. On the other hand a stirred mixture gave erroneous end
points because of interference effects by dolomite which is gradually dissolved by addition of titrant,
HCL

According to the ddtigtical evauation, BaCl, titration method is the best approach for car-
bonate-bicarbonate speciation. This method was applied on 5 duplicates of a trona sample. Results
and datigtica evauation are given in Table 4. Compared to the theoreticd vaues results involve
errorsof 04 % and 0.6 % for NaCO; and NaHCOs, respectively. The same trona samples XRD
spectrum is given in Figure 5. This sample contains 95 % trona where XRD and other analytica
results are condstent.

Although BaCl, method provides the best analytical results, potentiometric titration method
is faster and more widely used. In the latter method, predetermined pH values of 830 and 4.5 are
used for end points. However, in the working conditions, 8.30 for the first end point does not
give accurate results as mentioned before. In order to find an empirical value for the first end point,
20 trona samples were analyzed by using total alkalinity and BaCl, titration results as well. First end
point pH values to give accurate results, varied between 8,60 to 8.85 with an average value of 870
and a standard deviation of 0.07. Therefore, 8.70£0.07 and 4.5 have been suggested as empirical
pH values for predetermined end points.
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Fig. 3 - The effect of dolomite on potentiometric titration of NaxCO;.

(1) 1.0 g. Nay;CO3 + 100 ml distilled water; (2) 1.0 g. Nay;COy + 0.5 g

dolomite + 100 ml distilled water. The mixture was not filtered or left to

stand for sedimentation; (3) 0.5 g dolomite 4+ 100 ml distilled water,

unfiltered; (4) 0.5 g dolomite 4+ 100 ml distilled water, filtered,

Table 4 - Results obtained by Ba(l, titration and theoretical methods for =
trona sample

Total alkalinity - BaCl; titration Theorerical
Naz0%, NaCOy%, NaHCO% NazCOy% NaHCO3%

1 39.14 44.36 5.8 44.61 35.36
2 39.14 44.43 35.70 44.61 35.36
3 39.22 44.42 90 44.70 35.43
4 39.45 44.42 35.91 44.97 35.64
5 39.30 45.08 35.07 44.79 35.50
X 39.25 44.54 35.68 4.7 35.46

5 0.13 0.30 0.35 0.15 0.12
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Fig. 4 - The interference of dolomite on potentiometric diration of trona samples.
Sample : 10.0 g [ 500 ml dolomite
(1) Titration of clear solution after waiting for 3 hours for sedimentation;
(2) The titration of the mixwre as in (1) after being stirred.
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Fig. § ~ X-tay diffraction spectrum of a troma sample.
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DISCUSSION

It can be concluded that for rapid trona analyses, potentiometric titrations using corrected
pH values as predetermined end points, can both provide accurate results and give total alkalinity and
Na,CO; percentages in one step process. On the other hand, BaCl, titration method can provide
results more accurate than those by potentiometry; but for total alkalinity values still another method
is required. Therefore BaCl, method is a longer method with consequently higher expenses. In this
study, the quality of the analytical performance by potentiometry has been improved. The difference
between the theoretical and empirical end point values, however, could not be explained at this stage.

In addition, the results of this study suggest that major impurities in a trona sample should
be qudlitatively predetermined by XRD Spectrometry and necessary precautions for possible in-
terferants thus can be taken.
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DISTRIBUTION OF THE MAJOR AND TRACE ELEMENTS IN THE VOLCANIC ROCKS
OF YOZGAT AREA, TURKEY

Goniil BUYUKONAL*

ABSTRACT. — The investigation has been carried out the petrographycal and geochemical properties of the volcanic
rocks in Yozgat area. These volcanic rocks are compared with some other volcanic formations and their origins are ex-
amined. The volcanic rock units of investigated area are pre-Lutetian diabases, amygdaloidal basalt intercalated with Lute-
tian sediments, tuff, agglomerates and post-Lutetian andesite-basalts. These volcanic rocks of the region present an affin-
ity to the calc-alkaline suites of the island-arcs.

INTRODUCTION

Purpose of this investigation is to determine the petrological and geochemical characteristics
and to establish the conditinal origin of the rocks in Yozgat area. By using the analysis of major and
trace elements of lavas in this research region, were explained about the plate tectonics attitude of this
area and this result will be provided to the future studies. The age ofthe layers have been determined
by the work on lithology and stratigraphy of the area (Biliyiikonal, 1979). The oldest unit of the lavas,
namely diabases, which is overlain by Lutetian sandstones around the Kosekkomii region. The amyg-
daloidal basalt crop out around Yozgat city and generally west and south-west of the investigated
area. Basalt-andesite which is the youngest unit is existed the northwest of Yozgat city (Fig. 1).

Some geological studies were made for different purposes by the researchers in Yozgat area.
Between 1867 and 1950 the researchers agreed that the area was interior region of Kirsehir massif
which is Paleozoic age (Chaput, 1947; Lahn, 1949 and Bailey-McCallien, 1950). Most of acidic
and basic igneous rocks in the region are influenced by Hersinien and Alpine orogeny.

New studies and age determination carried out after 1950 were under the hypothesis that
plutonites are Tertiary in age and these acidic and basic rocks combinational settled at the same or
within a very close time interval (Ketin, 1954, 1955, 1961, 1966; Ataman, 1972, 1974). Tiimer-Remzi
(1975), found hematite, magnesite and wolframite ores in vicinity of Yozgat. The contact of the acidic
intrusion and sedimentary units bearing-flourite have been explained.

GEOLOGY

Magmatism is dominant in the studied area. In the vicinity of Yozgat was cropped out by pre-
Lutetian diabases, the submarine volcanic units, of Lutetian age, tuff, sandstones in rich fossils
and consisting fine holocrystaline texture of basalt-andesite of post-Lutetian age with basic and acidic
plutonites. The acidic plutonites are essentially granites, but the basic plutonites are gabbros.
The age of these plutonites are the Upper Cretaceous-Eocene and they have been overlaid by the
Eocene flysh. The region studied were under the effect of Alpin orogeny and exhibits a faulty struc-
tural generally, in the direction of southeast and northwest (Biiyiikonal, 1973).
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Fig. 1 - Geological map of Yozgat region.
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The volcanic units as amygdaloidal basalt and diabases in Yozgat region are altered. Also,
the amygdaloidal basalt are intercalated with agglomerates and Lutetian sandstones. On the other
dde, the basat-andesite are very dark colour and show column structure.

PETROLOGY OF THE LAVAS OF YOZGAT

Thin-sectiond lavas examination shows, diabasic, porphyric and holocrystaline textures.
The chloritisation at all of the crystals in the matrix were observed and most of the feldspars in
the lavas show the albitisation.

The most of lavas consist of diabase, amgydaloidal basalt and andesite-basalt units. The term
andesite-basalt were used based on its mineralogical and-petrographical characteristics (Moorhouse,
1972) and (Coat, in Hess and Poldervaart, 1968). The two investigators used the terms andesite-
basalt or basaltic-andesite interchangeably. The amygdules of the amygdaloidal basalts filled with
chalsedony, zeolite (natrolite) and quartz. The magma samples to which lavas belong were examined
and interpretation of the field completed under the light cast by the principles of plate tectonics.
The major and trace elements analysis carried out at Oxford University and at the University of Vienn,
by utilization of the XRF melting method, on 10 lava samples taken from the area for the
purpose of solving problems of origin were utilized and the results produced were evaluated. Places
where the samples were taken are shown in Figure 1 and the chemical results of the major and trace
elements are shown a Table 1 and 4.

Rittmann parameters, CIPW norms and Sl index were computed.

Since the classification of volcanic rocks of Yozgat were completed according to alkali
(NaO+K,0) and SO, contents Irvine and Baragar (1971), MacDonald and Katsura (1964) and
Kuno (1960), it can be observed by using the concept of segmantation most lavas are at the subal-
kalin region, but majority between the lines dividing MacDonald and Katsura with Kuno (Fig. 2).

o
g //”0 o
- /’b“ﬁ
o ALKALINE PPN NN
o W ”\\"\“)‘.
o B9 Wi "é,ﬁo,;. o
* »
o 77
™
[
z &
s
P
3&

SUBALKALINE

45 "] 55 60 1.1 70

— 80,
Fig. 2 ~ Classification of the volcanic rocks of Yozgat region according
to alkaline versus silica content.
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On the other hand, the samples taken from the Yozgat area were shown in the Rittmann
(1953) diagram (Fig. 3) and they formed a calc-akaline region according to these diagram
arrangements which was made according to the An-SIO, contents.

0%
3

w

— KZO 4N02

i T v —— T T v
a0 ay ~ 58 &0 &2 7o ™
— Si02p

Fig. 3 - Rittmann (1962; in Wright, 1969} diagram of the volcanics of Yozgat region.

80

The using serid index contemplated by Rittmann (1962) and Wright (1969), to determine the
origin of the volcanic rocks of the region, were computed for the lavas. It came to a conclusion that
the values all the samples except one, ranges between 1.84 to 3.05. This indicates that a less the four
Rittmann index is enough to classify calc-akaline P values of the arealavas were computed by use of
Rittmann parameters and are changing between 59 and 62. Thisis anoccurance supporting the
conclusion that the volcanic rocks are of calc-adkaline type (Fig. 4).

Other parameters were used to classify Rittmann (1953) volcanics and it was seet that samples
on the hand could be classified under such names as pigeonite, andesite, olivine andesite-basalt,
dacite and trachy andesite (Table 2). However, it must be expressed here that the quartz, olivine
and pigeonite formations theorotically extracted during the norm analysis were not observed du-
ring the microscopic studies. This condition is used to explain that there could not always be a
complete match in classification of volcanics solely by basing them on mineralogica compund
norm analysis (Blyukonal, 1979).

The samples from the studied area were classified according to the Rittmann (1952)
normative names in addition to Taylor (1973) who based his classification on K,O contents of the
SO, function. The normative plagioclase and normative color index of Irvine-Baragar (1971)
together with diagrams drawen by Cox and others (1979) according to the Na,O+K,0 and SO,
contents appear along with the diagrams of Di Paola (1974), in Ercan and others (1983) where
K,0O/Na,O and SO, functions are given. Table 3 classifies units by using of the principle of
comparing them with each other. In addition to this classifications by Taylor, Irvine-Baragar,
Di Paola, Cox and et a. are given by the following diagrams in Figure 5, 6, 7, 8, 9.

The samples of the region are evaluated-in diagrams of Rittmann (1952), Taylor (1973), Cox,
et a. (1979), Irvine and Baragar (1971) and Di Peola (1974 in Ercan et a., 1983). However the
character of cac-adkaine, have been taken in different names when evauated in these diagrams
mentioned above (Table 3). Having K,O/Na,O> 1 aso indicate that these are the calc-akaline origin.
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Fig. 4 - The places of the volcanic rocks of Yozgat region according to P values in the diagram of an versus
Si0; of Rirtmann (1953}

Table 3 - Classification of the volcanic rocks in Yozgat region according to another investigators.

Sample no.  Rittmann Taylor Trvine-Baragar Dé Paola Cox, and et al.
388 (1952) {1973) (1971) (1974) (1979)
BCR 39 Dacite Andesite Andesite Andesite Trachy-andesite
BCR 48 Qlivine Al rich basale Basalt High Al basalt Basalt

andezine basalt
BCR 45 Pigeonite, andesite Andesite Andesite Andesite Basaltic-andesite
BCR 43 Pigeonite, andesite Andesite Andesite Andesite Trachy-andesite
BCR 70 Trachy-andesite  Poor Si.andesite  Andesite Poor Si.andesite  Basaltic-andesite
BCR 77 Pigeonite, andesite Andesite Dacite Andesite Trachy-andesite
BCR 90 Dacite Andesite Dacite Andesite Trachy-andesite
BCR 66 Dacite Andesite Dacite Andesite Trachy-andesite
BCR 89 Olivine, andezine Al rich basalt Basait High Al basalt Basalt

basalt
BCR 190 Pigeonite, basalt Al rich basalt Basalt High Al, basale Basalticeandesite
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An
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Fig. 5 - Classification of the volcanic rocks of Yozgat region in Irvine-Baragar (1971} diagram.

The Sl index of the samples were used in the classfication of the volcanic rocks (Hutchison,
1974). According to these, the lavas of the region have been named as basalt, andesite, basaltic-andesite
and dacitic-andesite (Buyukonal, 1979).

Furthermore, according to the diagram of An+Ab'+Or of Irvine and Baragar (1971), the
volcanics of the area could be classified as transitional  and generally sodic in character (Fig. 5).
However, while some of the rocks show sodic dacite character, others take place in the section of
andesites poorin K in this diagram.

Trace element contents such as Y, Zr, Rb  and Sr of some of the lavas of Yozgat and its
close vicinity are given at Table 4 together with Ti, K, K/Rb and Rb/Sr ratios.

TheY distribution of the lavas of this area range between 16 and 18 ppm. Calc-alkdine rocks
Zr vaues are relatively higher than tholeiites (JakesWhite, 1972). According to the Zr vadues, the
samples of this area can again be classfied as cdc-akdine type.

The Rb distribution of volcanic rocks of Yozgat, broadly varies between 0.32 ppm and 98.80
ppm. The highest values may be interpreted as tendency progressing towards the shoshonites
(Jakes-White, 1972).
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However, the Sr values are rather stable. Except two samples Sr contents range between
300 and 380 ppm. The concentration of Sr plays an important role for identification of the idand
arc tholeiites. The geochemica characteristics of the samples of Yozgat region conform to
the calc-akaline suites of the island-arcs. The mobility of the Rb contents of samples caused to
raise a family broad range in K/Rb ratios. A decreasing in the K/Rb ratios of the volcanics of the
island-arc towards the contient in favor of shoshonites, had been asserted by Jakes and White
(1972). Besides these, the lavas of the investigated area display a calc-alkdine trend in the diagram
of Pearce (1973), McCurry and Wright (1977) employed Zr versus Sr (Fig. 10).

Pearce and Cann (1973), Bickle and Pearce (1974) in their diagrams showed Ti+Zr+Y
(Fig. 12), Ti+Zr+Sr (Fig. 12) and Zr-+Ti (Fig. 13) relationships and places of the volcanic rocks
of Yozgat region generally with the island-arc calc-alkaline partly of tholeiitic calc-akaline.

Sr {ppm])
'y

1000

POOR K. THOLENTES

'fc & A & R Y AA' M PR "Zl‘(nl‘l)

0o
Fig, 10 - Sr{Zr diagram of the lavas in Yozgat region.

Ti./ 100 _
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ir
Fig..11 - Triangle disgram of Ti+Zr4Y of volcanics in Yozgat region.
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Fig. 12 - Triangle diagram of Ti+Zr+-Sr of the lavas in Yozpat region.
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Fig. 13 - Diagram of the Ti versus Zr of the Yozgat region’s volcanics.

CONCLUSION

Following interpretations are given for further discussion of the results of studies on the vol-
canic rocks of Yozgat area composed partly of the Kirsehir massif which is located in the Central
Anatolia. The Zr in calc-alkaline rocks is higher than tholeiites and reported to be around of 100 ppm
(Jakes-White, 1972). Zr value of volcanic rocks of Yozgat is generally higher than 100 ppm
which may show, a calc-alkaline trend.

In general, trace elements such as Rb and Sr exhibit very broad distributions in concentration
and increase towards the continental margin commencing from oceanic side, and also increase to-
wards the youngest unite (Jakes-White, 1972). The Rb distribution is observed between (.32 and
98.80 in the lavas of the area. The highest Rb value is interpreted as a transition towards the shosho-
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nite. The Sr varies between 300 and 380 ppm in the rocks which is consistent to the calc-alkaline suites
of the islandarcs. The changings in the concentration of the Rb control the K/Rb ratios. It was re-
ported by Jakes and White (1972) that the K/Rb ratio indicates the highest value in the island-arc,
tholeiites and decrease towards the shoshonites which are formed in the interior parts of the
continent. Therefore, volcanic rocks of Yozgat, extends in character between tholeiites and shosh-
onites and generally exhibit a calc-alkaline trend. In the diagrams of Pearce, 1973 and McCurry-
Wright, 1977 based on the relation of Zr and Sr, the lavas of Yozgat are taken place in the calc-alka-
line section. This statement is also consistent to the view of Bickle and Pearce (1975).

In conclusion, it can be asserted that the lavas of the area were generally, in calc-alkaline
character, but very few ofthem display a tholeiitic calc-alkaline trend.

In future studies, making increase the number of samples and examining of the trace and
REE would help to clarify the geotectonical settlement problem of the region.
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GEOCHRONOLOGICAL DATA FROM THE SOUTHERN PART (NiGDE AREA) OF THE
CENTRAL ANATOLIAN MASSIF

M. Cemal GONCUOGLU*

ABSTRACT. — In the Nigde massif, which forms the southern end of the Central Anatolian massif, three formations
are exposed. These are, from bottom to top: 1. Gilimiigler formation, composed mainly of metaclastics; 2. Kaleboynu
formation, which is formed by the alternation of carbonates and elastics, 3. Asigedigi formation, consisting of carbonates.
Overlying this sequence, Nigde group, is an ophiolitic melange which has undergone deformation and metamorphism
together with the underlain formations. It is assumed that the metamorphism of the sequence has transformed into low
P-high T condition from the initial medium P-high T condition. The Nigde group is intruded by posttectonic Ug-
kapih granodiorite which is concluded to have crystallized in lower Cenomanian (9511 m.y.) according to the
wholerock Rb/Sr analyses. The initial Sr value (Sr=0.7104), which is obtained from the wholerock isochrone, indi-
cates that the granodiorite magma is generated either by the melting of the continental crust itself or by the extensive
contamination of the continental crust. The cooling ages of granodiorite and gneisses acquired by Rb/Sr wholerock-
mineral method and by K/Ar method are 77.8+1-2 m.y. and 76.5+1.1-m.y., respectively. These are the ages for gran-
odiorite and gneisses to cool together down to 300+50°C, which is the blocking temperature for micas whose isotope
ratios have been measured. These data, obtained by geochronological methods are correlated with the other radiomet-
ric ages from the other parts of the Central Anatolian Massif and it is put forward that the main metamorphism and
ophiolite emplacement have occurred pre-Cenomanian in the massif.

INTRODUCTION

The Nigde massifis located in the SE of Nigde (Fig. 1) and forms the southern end of the
Central Anatolian massif (Ketin, 1956).

The metamorphic rocks in the Nigde massif are all together called Nigde group and according
to their lithological characteristics they are differentiated and described as Gilimigler, Kaleboynu,
Asigedigi formations and Uckapili granodiorite (Goénciioglu, 1977, 1981 a).

The indirect paleontological data is inadequate to date the deposition and the metamorphism
of the Nigde group as well as the intrusion of the granitic rocks in the Nigde massif.

In the north of Camardi (SE of Nigde massif) in the clayey limestone including granitic and
gneissic pebbles and unconformably overlying the Nigde group rocks some Upper Paleocene-Lower
Eocene ? microfauna were determined which indicate the metamorphism age as Early-Upper Paleoeene-
Lower Eocene in the previous studies (Gonclioglu, 1981 b).

In a recent study in south of study area, west of Kilavuz kdy, in an unmetamorphosed turbi-
ditic sequence overlain by Paleocene elastics, are found Globotruncanita stuarti, Rosita contusa and
Ganserina ganseri which dates down to Upper Maestrichtian (Sirel, 1985, personal communication).
This turbiditic sequence, whose relation is not clear with Nigde group rocks, can be correlated with
Haymana formation which is well defined in the north, in many places in Central Anatolian massif
while the Paleocene restricted shelf elastics overlying the turbiditic sequence can be correlated with
Kartal formation (Sirel, 1985, personal communication). This unit which is defined as Camardi
formation by Yetis (1978) is intruded by microgranite dykes in south of Camardi. This new evidence
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indicates the presence of a magmatism other than the Uckapili granodiorite which crops out wide-
spread. Oktay (1982), verifying the above idea states that, in further south, the basement of the Ulu-
ki§la basin comprises the products of an island arc magmatism which starts in Upper Cretaceous or
in lowermost Paleocene. He puts forward that a part of the oceanic crust which extends between
Tuzgolii-Ulukigla has subducted under Nigde massif (Central Anatolian Continent). Under this cir-
cumstances, further research is necessary to reveal the fact if Nigde massif is effected by the sub-

duction. and island arc magmatism.
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Researches on the age of magmatism and metamorphism in Kirsehir massif which forms the
main body the Central Anatolian massif are much more than the ones in Nigde massif. The contra-
dictions in the local and regional studies are still continuing even present day about the age of meta-
morphic rocks of the region. Some researchers, as discussed in Seymen (1985), suggest that the depo-
sition and the metamorphism ages of the rocks are pre-Mesozoic while Ketin (1956) advocates that
the development and the metamorphism of the massif was completed by Laramian phase.

As it is seen by this short discussion, the concrete data that will reveal the geological evolution
of the Central Anatolian massif are contradictory and not adequate yet. The inadequacy is very
clear if the data is examinated which is obtained by the study of the metamorphic and magmatic
rocks with various geochronologic methods.

The first geochronologic study in the Central Anatolian massif was carried out by Ayan
(1963). He, using the total Pb method, analysed a zircon sample taken from Barana Dag monzonitic
granite and proposed the age of intrusion as 54 m.y. in other words, post-Upper Cretaceous. Ataman
(1972) pointing out the methodologic disadvantages of Ayan (1963) used Rb/Sr method for two
wholerock analyses and a biotite analysis for the samples from Cefalik Dag1 granitic mass located in
the south of Barana Dag and calculated 711 my isochrone age which is equivalent to the age
for biotite to cool down for a blocked system for Rb/Sr. The intrusion age for the granite whose
origin was interpreted as depending on the palingenesis of juvenile and arkose-graywacke type rock,
«regarding the petrological events», is preassumed as 80 m.y. Ataman (1972) reports that this age
is consistent with the field observations without mentioning them.

Erkan and Ataman (1981) made some hornblende and biotite K/Ar age determinations from
enriched samples of gneisses, mica-schists and amphibolites situated in the NW of Kirsehir. The
average age ofthe three analyzed biotite samples is 69.7% 1.7 m.y. while the same value is 74.1x+ 3.2m.y.
for two hornblende samples. Comparing their data with the data of Ataman (1978), the authors
suggest that the isotopic system of the metamorphics were wound up by the thermic effect of the
intrusion of the granodioritic masses. Also they suggest that the age they calculated as 71 my corres-
ponds to the intrusion/cooling age ofthe intrusive rocks. The authors, depending on this interpretation,
conclude that the effective regional metamorphism has completed its evolution in pre-Cretaceous
times. However, since the authors express the age they calculated as «intrusion/cooling age», this
data has been used incorrectly by the preceeding researchers.

Several samples have been taken from Nigde massif in order to figure out the deposition and
the metamorphism of the metamorphic rocks and to date and to study the origin of magmatic rocks.
They were analyzed by using Rb/Sr wholerock, Rb/Sr mineral, K/Ar mineral and zircon U/Pb
methods. The zircons of biotite-muscovite-sillimanite gneisses taking place in the lowermost part
of the Nigde metamorphites have been dated by U/Pb method and it is suggested that the age of
the gneiss is 2000 m.y. Also, it is put forward that gneiss has some detritics possibly derived from a
magmatic source (Gonciioglu, 1982). In the same study it was stated that the geological meaning
of the second age, 2173 my, acquired by U/Pb method is not clear since by Rb/Sr, wholerock,
Rb/Sr and K/Ar mineral methods, events younger than 217 my were proved. The data obtained
by Gonclioglu (1982) about Alpine events will be given in detail in this study.

For age determination, four samples from Nigde-Uckapili granodiorite and two samples from
Giimiigler formation, which is represented by gneisses, have been collected. For six of the samples
Rb/Sr wholerock, for five ofthe samples Rb/Sr mineral and for six ofthe samples K/Ar mineral dating
methods have been used for age determinations. Muscovite and biotite grains in different sizes have
been used for determinations.
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Specimen preparation, chemical analysis and. isotope ratio measurements have been made
in BGR (Bundesanstalt fiir Geowissenschaften und Rohstoffe) laboratories in West Germany.

PETROGRAPHICAL FEATURES OF THE MEASURED SAMPLES

Giimtsler formation

The samples numbered NM1 and NM4 used in isotope measurements have been collected
from the Giimiisler formation which forms the lowermost unit of Nigde group. This formation consists
of gneisses having different mineral compositions and containing lenses and intercalations of marble,
amphibolite, quartzitic gneiss and calcsilicate marbles (Gonclioglu, 1977, 1981 a). The chemical
compositions of the samples are given in Table 1b. The sample NM1 was collected from the lower-

Table 1 ~ a- Modal combination, b- Chemical combinadon, of the
Giimiigler formation gneises

(a) ()
NMI Nida NMI NM4a
Quartz 45.4 37.3 8i0; 78.9 70.41
K Feldspar 12.1 16.4 TiO; 0.51 0.47
Plagioclase 5.2 7.6 Al Oy 9.86 14.85
Biotite 16.1 18.4 Fes04 2.83 2.73
Muscovite 11.2 9.1 MnQ 0.06 0.04
Sillimanite 2.1 3.6 MgO 0.91 1.34
Granat 4.4 1.6 GO 0.93 2.90
Turmaline a 2 Na, O 1.90 4.51
Apatite a a K0 2.85 1.41
Zircon 2 ' P;0s 0.08 .18
Chlorite 35 6.1 Rb{ppm) 111 86
Opague a a Srippm) 113 175
Zr{ppm) 191 147
Yopm) 23 £
Ba(ppm) 591 306
Cr{ppm) 72 37
La{ppm) 49 M
Sc 13 i1
Zn 39 42

most level ofthe unit in Oren Dere, south of Giimiisler village, on the road to antimony mine. The
other one, NM4 was collected 1.5 km. south of this location. The mineralogical composition of the

samples are as follows:
NM1: quartz+plagioclase+biotite+muscovite+K-feldspar+sillimanite+tourmaline (+apa-
tite+zircon+rutile);

NM4: quartz+plagioclase+biotite+microcline+garnet (+zircon+apatite+rutile+opaque).
In both samples sericitization in plagioclase and chloritization in biotite are seen.
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In Gilimisler formation the dominant regional metamorphism conditions are almandine-silli-
manite medium grade whereas in the other parts of the Nigde group (with the possible effect of
granite) locally, it is thought to have reached cordierite-almandine high degree (Winkler, 1976) and
have caused partial melting in gneisses of pelitic origin.

Sillimanite formation in Nigde metamorphics starts with staurolite and in coarse garnet (al-
mandine) blasts, staurolite blasts are observed as inclusions (Fig. 2). In samples having cordierite
the presence of relict sillimanite, staurolite and garnet is striking. Petrographic studies show that
staurolite disappears with the development of sillimanite+almandine from the conditions where
biotite+staurolite are stable initially. In high temperature paragenesis where cordierite is observed,
with the development of this mineral, almandine and staurolite lose their stabilities. In the rocks having
cordierite the development of muscovite in the last phase and chloritization of biotite indicates an
additional retrograde phase. In the two mentioned samples, although they have different evolutionary
paths, in the last phase of prograding metamorphism an increase in the temperature is expected.

Fig. 2 = The locked staurolite sticks in Almandines of the Giimiigler Formation gneises,

In Central Anatolian massif, around Kirsehir, it is known that the last stage ofthe prograding
metamorphism is high T low P type. It is claimed that in this region pressure varies between 1.8-2 kb
(Seymen, 1985) and 3 kb (Erkan, 1975, 1976) and temperature is approximately 700°C (Seymen,
1982; Erkan, 1975). The degree of metamorphism increases towards NW (Erkan, 1975). On the other
hand, contrarily, in far SW of Akdagmadeni staurolite+disthene; in Ortakdy sillimanite; in Kiimbet
staurolite+sillimanite and in far NW end (Itdag1) disthene are observed (Erkan, 1975,1980; Tiiliimen
1980; Ozcan et al., 1980; Ozer and Génciioglu, 1983). Considering the distribution of the critical
minerals-instead of the presence of different metamorphism conditions stated by Erkan (1975)-it is
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possible to think that regional metamorphism, in time, changes into low P/high T type from medium
P/high T because ofthe rising thermal zones. Around Nigde, the transition of staurolite to metastable-
phase by the formation of sillimanite+almandine and the transition of almandine+staurolite to
metastable phase by the formation of cordierite indicates such a change.

Uckapili granodiorite

The acidic intrusive rocks taking place in Nigde metamorphites were studied as Uckapili
granodiorites which together with its aplites cuts Guimigler formation, Kaleboynu formation, Asi-
gedigi formation and the overlying metamorphic ophiolitic complex. The distribution of the outcrops
of granodiorite indicates the presence of a huge and shallow batholith in the center of the study
area. In this region, within Uckapili granodiorite partially assimilated gneiss, amphibolite and marble
xenoliths are seen. There is a narrow contact metamorphism zone between granodiorite and its border
rocks. The determined paragenesis in the contact of granodiorite with gneiss, carbonate, and amphi-
bolite and metagabbro are: cordieritet+muscovite+garnet, diopside+hedenbergite+vesuvian+
garnet (grossularite/andradite), and epidote+garnet+scapolite, respectively. These paragenesis
are characteristic for hornblende-hornfels facies of the contact metamorphism (Winkler, 1976).
The thickness of wall-rocks and contact metamorphic zone of the Uckapili granodiorite ranges from
a few centimeters to decimeters.

Under microscope, granodiorite is seen as granoblastic textured and is fine-to-medium grained.
Its modal composition is given in Table 2. The primary minerals forming granodiorite are K-feldspar,
plagioclase, quartz and biotite. Muscovite, chlorite and rutile are seen as secondary minerals. Acces-
sory minerals are zircon and opaque minerals. Plagioclase occurs as zoned hypidiomorph crystals.
An-rich (An,,.,,) central parts of the crystals are sericitized. On the edges fresh albite (An,.,,)
is dominant.

Table 2 - Modal combination of Ugkapili granodiorite
NM2s NM2k NM2 NM4b

Quartz 309 261 2.4 28.4
K-feldspar 32.1 284 2535 212
Plagioclase 1.2 19.9 28.7 26.1
Biotite 17.6 20.3 18.2 15.4
Muscovtie 3.6 2.9 2.7 4.2
Clocite 4.2 2.1 3.3 4.4
Zircon a a a a

Apatite a 0.2 a 0.1
Opaqu 0.4 0.1 0.2 0.2

Quartz fills the space between the other minerals and is mostly xenomorphic. It contains
reddish-brown idiomofphic biotite and plagioclase inclusions. There are K-feldspar crystals up to
1 cm and its boundaries with quartz and plagioclase are idiomorphic. In coarse blasts perthite for-
mations are seen as bands or stains. K-feldspar has idiomorph quartz, biotite and plagioclase inclusions.
They, in some places, form zones and get coarser from center to the edges.

Biotite is observed as reddish-brown flakes and is 0.7 to 0.2 mm in size. When they are as
inclusions in K-feldspar and quartz they are idiomorphic and less chloritized. Coarse biotite flakes
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contain clear zircon inclusions elongated parallel to C-axis and apatite. There are paleochroic haloes
around zircon inclusions. This kind ofbiotite crystals have been chloritized in a late hydrothermal
stage. In the first stages of chlorite formation the paleochroic haloes have been preserved and on the
edges of the grains ilmenite needles have been developed. In the last stage chlorite has replaced tet-
rahedral layers and has developed together with muscovite. In this kind ofalteration products ilmenite
has been concentrated on the cleavage planes of biotite.

Zircon, as mentioned above, has been concentrated in biotite and shows the characteristics
of zircons crystallized from a solution. Apatite and magnetite can be found as accessory minerals.

The distribution of major and minor elements of Uckapili granodiorite is given in Table 3.
According to Shand (1951) it is in «peraluminous» group. The average SiO, amount of the measured
samples is 72.7 % The samples numbered as NM2 a-b-c have uniform Na,0O and K,O values. The
sample numbered as NM4 b has greater values of SiO, and K,O but less Fe,O, and Na,O than the
samples numbered as NM2. The chemical characteristics and their interpretation will be given in
detail in another paper (Gonctioglu, in preparation).

Table 3 - Chemical combination of Ugkapilh granodiorite

NM2s  NM2b NMZ¢ NM#

S5i0 73.49  71.33 71.47 7447
TiO, 0.16 0.26 0.20 0.07
ALO;y 13.95 1520  14.70 14.29
Fe, 0y . 1.23 1.64 1.27 0.52
MnO 0.04 0.04 0.04 0.04
MgO 0.26 0.50 0.38 0.16
CaD 0.91 1.7 1.35 1.05
Na,0 : 4.07 4.26 4.16 3.69
K;0 4.29 3.82 4.40 4.99
Py0s 0.05 0.08 0.07 0.04
Lar 1.00 0.70 1.50 0.60
Total 99,51 9960  99.58 . 99.81
Nb {ppm}) 12 11 8 14
Rb 206 166 . 159 . 153
Sr 65 165 133 80
Th 23 27 22 14
U q 6 5 6
Y 28 13 13 26
Zs 119 144 118 62
Ha 412 489 477 236
Ce k) 53 24 39
La 27 33 16 10
v . 7 16 12 4
Zn 4 44 33 0
Cr 8 12 7 5

GEOCHRONOLOGY

For the preliminary geochronological investigation, as a first step, Rb/Sr wholerock method
has been used to determine the age of gneiss and granite and then by K/Ar and Rb/Sr method the
age of micas have been determined.
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Methods

The samples whose weight varies between 3 and 5.5 kg. were first broken by a jaw-crusher to
sizes less than 5 cm and the altered parts were removed. Then the fragments separated for Rb/Sr
wholerock analysis have been prepared according to Muller's (1979) method. Some of the prepared
samples have been analyzed by x-ray fluorescence method in order to observe the distribution of
the oxides and minor elements. The samples greater than 200u have been studied under microscope
and it is determined that muscovite and biotite are suitable for mineral Rb/Sr and mineral K/Ar age
determinations.

The BGR-Hannover method was applied for the Rb and Sr chemistry of the samples. For the
analysis of Rb a spike (Rb®/Rb"=0.007935) which has been prepared in the same laboratory
and for the analysis of Sr the spike SRM 988 was used. The Rb isotope ratios were measured by an
«Aldermaston Micromass 30» type mass-spectrometer with double filament and the Sr isotope ratios
were measured by an «Atlas CH4» type mass-spectrometer with a single filament.

The relative errors in measurements of Rb”/Sr*, Sr/Sr* are 1.5 % and 0.1 %, respectively.
Also, they are determined for wholerock isochrone and mineral isochrone calculations as X’=1.4
and X'=0.9, respectively. The constants for Rb/Sr were taken from Steiger and Jager (1977) and
York's (1967) method has been used for isochrone calculations.

In K/Ar measurement, the K content of the micas comparing with the internal standard was
measured by a double channel digital pipetted flame photometry of type EEL-170 which has Li-
internal standard. The Ar isotope ratios were measured by the Ar-extraction system developed by
H. Kreuzer through increasing the temperature up to 1500°C for biotite and 1460° for muscovite.
In K/Ar measurements two series of different grain size from each sample have been measured and
by grinding one of the biotite fractions cross-control has been provided. The acquired values and the
model ages have been corrected by laboratory standards.

Rb/Sr wholerock systematics

In the rocks of Nigde group six samples have been measured to determine the Rb/Sr wholerock
systematics. Two of these samples have been collected from the gneiss of Glimiisler formation and
four of them have been collected from Ugkapili granodiorite. The analytical data of the measured
samples can be seen in Table 4. Plotting these data on Nicolaysen diagram (Fig. 3) isochrones of
460153 m.y. for gneiss and 95+11 m.y. for granodiorite are obtained.

Table 4 - RbfSr wholerock analitical data of the samples of Nigde groups
gneises and Ugkapili granodiorites

Sample Rock type R5ST Srie RBTISre6  Sr87/Sr86
bpm Ppm

NMI1 Gneiss 31.30 11.03 2.805 0.72.464

NM4a Gneiss 23.65 16.68 1.402 0.71.544

NM2a Granodiorite 57.36 6.433 8.814 0.72.212

NMZb Granodiorite 46.43 15.86 2.894 0.71.336

NMZc Granodiorite 45.87 12.61 3.596 0.71.633

NM4b Granodiorite 42.17 16.68 5.364 0.71.77%
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Fig. 3 - Nigde groups_gneises and the positions of Rbj/Sr wholerock of Ugkapth granodiorite
samples in the Nicoloysen diagram (Giimiigler formation gneises: NM1, NM4 a, Uckapih
granodiorives: NM2 a, NM2 b, NMZc, NM4b).

The isochrone drawn from gneiss is not so important since it is represented only by two points.
But it is the Pb*/Pb™ model age calculated during the age determination of zircon fractions
enriched from the sample numbered NM1 (Gonciioglu, 1982). Sengor et al. (1984) suggests that in
various regions of Turkey this age corresponds to late Pan-African events. For this reason, it is neces-
sary to sample the gneiss of Nigde group and determine its age by wholerock method and study
its geological meaning.

The four samples collected from Uckapili granodiorite give an isochrone of 95 m.y. In unmeta-
morphosed granitea, as known, wholerock isochrone age indicates the time by which Rb/Sr migra-
tion ends. This phenomena means, after the intrusion, material transportation in the solution was
finished because of the crystallization. Then the calculated age, 95 m.y., corresponds to the crystalli-
zation age of Uckapili granodiorite.

On the other hand, the initial Sr*/Sr* Value of isochrone gives an important clue about
the origin of Uckapili granodiorite. The calculated value (Si=0.7104+0.0009) indicates that the origin
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of the granodiorite is continental crust or an extensive contamination of continental crust. This data,
when considered with the presence of the sections where partial melting is reached locally in gneiss
as mentioned in the introduction, may support the idea stating that the Uckapili granodiorite has
been formed by the partial melting of continental crust.

Rb/Sr mineral analyses

In order to study the Rb/Sr distribution and Sr homogenization, biotite from the samples
NMI1 and NM4, biotite from the sample NM2b and muscovite and biotite from sample NM4b

have been analyzed and the results were given in Table 5.

Table 5 -« Ro/Sr mineral analitical deta of the samples of
Nigde groups gneises and Ugkapili granodiorites

Sample REBY Srs6 REAT|Syb6 Sr8?[Sri6
m bpm

BNMI 182.3 04644 387.8 1.1390

BNM4a 171.6 0.9269 183.0 0.9093

BNM2Zb 270.3 0.2395 115.5 1.948%

BNM4b 230.0 1.0673 213.0 0.9463

MNM4b 143.9 0.9419 151.0 0.8805

Evaluating the measured minerals and the samples together (Fig. 4), a certain mineral-whole-
rock isochrone which dates 77.8+1.2 m.y. and gives and initial value of 0.7111£0.0037 for Sr,
is obtained. Then from the isochrone it is deduced that Sr homogenization for wholerock and has been
realized. Isochrone line has less inclination than wholerock isochrone. This data which appears as

the wholerock/mineral age of gneiss and granodiorite may be interpreted in two ways:
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"Fig. 4 ~ Distributions of mineral analysis of Nigde groups gneises and Ugkapih granodiorites in the Sr-evolution
disgrams (B==-biotite, M=muscovite, TR-=wholerock, see figure 3 for the number of the samples).



AGE DETERMINATIONS FROM CENTRAL ANATOLIAN MASSIF 93

a. The determined age indicates a metamorphism event which leads to Sr homogenization
both in gneiss and granodiorite.

b. The determined age indicates a stage in which micas, at a certain temperature, have been
blocked for Rb/Sr. In this case 77.8x1.2 my is the cooling age of the measured samples for Rb/Sr.
Considering the studies in the Alps (Dodson, 1973; Wagner et al., 1977) the above age is obtained
by a decrease in the temperature of the measured samples down to 300+50°C.

The first interpretation may be eliminated since no trace of metamorphism or deformation
is seen in Uckapili granodiorite. The second interpretation is especially supported by the wholerock-
biotite-muscovite isochrone of the sample NM4b. From the structure ofthis isochrone, it is deduced
that muscovite acted as an open system until biotite is blocked for Rb/Sr around 300°C. Ifit is con-
sidered that, in case of the formation of muscovite by metamorphism, the blocking temperature for
Rb/Sr is around 500C (500£50°C) (Jager and Hunziker, 1979), because of the above stated reason,
wholerock-muscovite-biotite isograd does not give metamorphism age. Another data supporting that
78 my reflects the cooling age is K-Ar mineral ages.

K-Ar mineral analyses

The following samples of Nigde group rocks have been analyzed for K-Ar: Two fractions
from gneiss sample (NM1), biotite from gneiss (NM4a), ground biotite from granodiorite sample
(NM2b), biotite and muscovite from granodiorite (NM4b). Analytical data is shown in Table 6.
In this table biotites from gneisses and granodiorites give model ages varying between 74.9t1 and
77.9+1.2 m.y. These ages are consistent with Rb/Sr ages within error limits. Considering biotites
have almost the same blocking temperatures for K-Ar and Rb/Sr (Jager and Hunziker, 1979), it
is obvious that the acquired model ages reflect the cooling age, below 300°C (£50°C), as in Rb/Sr
mineral ages. One of the muscovite sample taken from a granodiorite sample (NM4b) gives higher
model age than that of biotites. This age, 78.5+1.2 m.y. gives the blocking age of muscovite for
K-Ar. Actually, the blocking temperature of muscovite is around 350°C for K-Ar and it blocks before
biotites. Muscovite, therefore, must have a higher model age.

Table 6 = The mineral K-Ar analitical datas (B=biotite, M=muscovite) of Nifde groups gnecizes
and Ogkap:h granodiorites

Sample Grain size % K Wdrrad % reddr  WK[34Ar WAL Ar  Model age (my)

BNMI1 500-230 7.75 349 95.22 1357.9 6442 76.284+1.2
BNMI1 250-160 7.76 2342 95.26 1448 6827 76.041.0
BNM4a 400-160 7.66 235.3 97.11 2325 10972 77.4+1.2
BNM2b 200100 6.89 208.3 96.38 2216 10313 76.24:1.2
BNM4b 500-160 6.27 186.3 94.93 1310 6115 74.9412
MNM4b 500-160 8.69 270.9 95.24 1413 6879 78.5+1.2

When the blocking temperatures of muscovite and biotite and the acquired model ages are
evaluated roughly together, a cooling rate of 15°C/m.y. is obtained. This value may be considered
as a preliminary data about the uplift of Nigde. group rocks after 75 my.
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CONCLUSIONS

The Nigde group rocks consist of gneiss whose origin is possibly clastic and an overlying
thick carbonate sequence. In the upper part of the massifis an ophiolitic complex vhich has undergone
deformation and metamorphism together with the Nigde group rocks. The Nigde group rocks have
been cut by Ugkapili granodiorite and have undergone contact metamorphism. The oldest and unme-
tamorphosed unit which has relation with metamorphites contains fossils of Upper Maestrichtian.

When mineral paragenesis of Nigde group rocks have been studied it is noticed that the condi-
tions of regional metamorphism, in time, changes from almandine-sillimanite medium grade to
cordierite-almandine high grade. This change, especially in the pelitic originated rocks reach up to
partial melting.

Gilimiigler gneiss which forms the lowermost part of Nigde-group rocks, implies even if ques-
tionably, the existence of a Pan-African event in terms of Rb/Sr wholerock and zircon Pb*’/Pb™
model age.

The crystallization age of Uckapili granodiorite is determined as 95+11 m.y. by Rb/Sr whole-
rock isochrone. The initial Sr value (0.7104) obtained from isochrone shows that the granodiorite
magma has been generated totally or extensively by the melting of the continental crust. This data
supports the result reached by field observations and petrographic interpretation and indicates hat
the generation of granodiorite depends on the partial melting of the psammopelitic rocks situated in
the lower parts of Nigde group. The ages 78 m.y. 78 m.y. and 75 to 78 m.y. determined from
biotites and muscovites by mineral-wholerocks, from muscovites by K-Ar analysis and from biotites
by K-Ar method, respectively, shows both the homogenization of gneiss and granodiorite together
and the cooling of them together below 300£50°C which is the blocking temperature for micas.
Especially, the consistence of the mineral model ages of gneiss and granodiorite is interpreted to
indicate that with granodiorite intrusion, in metamorphic rocks the Rb/Sr and K-Ar systems are
opened below the formation temperatures of micas and closed during cooling. In order to determine
the metamorphism ages of Nigde group metamorphites more analyses of gneiss by Rb/Sr wholerock
method are needed.

The age determinations obtained from the gneiss and granodiorites of Nigde massifare slightly
different than the ones obtained by Erkan and Ataman (1981) from the rocks of Kirsehir region and
than the ones obtained by Ataman (1972) from the rocks of Cefalik Dag region. Ataman concluded
that the age is 71 m.y. by biotite-wholerock isochrone and stated that it is the cooling age of biotite.
His suggestion about the age ofthe granite intrusion as 80 m.y. has no evidence. Erkan and Ataman
(1981) states the K-Ar biotite age for amphibolites and micaschists of Kirgehir massifis 60 m.y. and
the hornblende age for the same rocks is 74 m.y. They express these values as the «intrusion/cooling»
age of granodiorite. Accepting these ages as cooling age, the evidences and age determinations of the
writers are consistent with the ones obtained in Nigde massif.

In the Kirsehir, Akdagmadeni and Nigde regions of Central Anatolian massif similar rock
series are seen (Seymen, 1981, 1985; Ozcan et al, 1980; Tiilimen, 1980; Gonciioglu, 1977, 1981a).
In these regions, from bottom to top, metaclastics, carbonate interbedded elastics and carbonates
are dominant. At the top, -at least in Nigde and Akdagmadeni regions-together with the underlain
platform type rocks, an ophiolitic complex which has undergone deformation and metamorphism can
be seen. Granitic and granodioritic rocks cut both the metamorphics at the base and the ophiolitic
rocks. Around Eskisehir-Sivrihisar region which is claimed to be in a different belt than Central
Anatolian massif (Sengor and Yilmaz, 1981), there are great similarities in the sequence of metamorp-
hism, position of ophiolitic complex and in age of the intrusives (91 m.y., Gautier, 1984).
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Under such circumstances, in Central Anatolian Massifand probably around Sivrihisar region,
granodiorite intrusion has taken place in Cenomanian (95-91 m.y.). Considering granodiorite cuts
both the rocks at the base and ophiolite, it can be deduced that ophiolite emplacement must have
been occurred in pre-Cenomanian times.

This idea is contradictory with Seymen's (1981, 1982, 1983, 1985) interpretations. Because,
although Ataman (1972) states that the age determined in Cefalik Dagi granite mass (what
Seymen calls «Barana Dag Pluton»), 71 m.y., corresponds to the cooling age of granite and as a result
the intrusion age must be older, Seymen (1985) puts forward that Uppermost Cretaceous-Lower
Paleocene (69-63 m.y.) sediments were cut by the same granitic intrusions.

Gorlir et al. (1985) who are following Seymen's interpretations accept that the emplacement
age of the ophiolitic mass overlying the Central Anatolian massif is Late Cretaceous and the age of
the «arc plutonics» cutting them are Latest Cretaceous in age. In the geodynamic models ofthe authors
it is suggested that, depending on Bergougnan (1975), the ophiolites of the northern branch of Neo-
tethys have been thrusted over the Central Anatolian massif in Upper Cretaceous. The magmatism
cutting these ophiolites are thought to be related to the Andean type arc plutonism which is caused
by the oceanic plate which subducts under Central Anatolian block along Inner Taurus suture. If
the magmatism of the Central Anatolian massif is studied under the light of the data brought by this
paper, it will be seen that it is necessary to review the geodynamic interpretations of Gortr et al.
(1985), at least for the time concerned.
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DETERMINING TWO DIMENSIONS OF A CONCEALED CHROMITE ORE BY MICRO-
COMPUTER MODELLING OF MAGNETIC TOTAL FIELD INTENSITY PROFILE

Dogan AYDAL*

ABSTRACT. — Computer modelling, using Manik Talwani's method to determine the two dimensions of an ore
body is described. It is shown that quite accurate determination of the two dimensions of ore body is possible with such
application. It is suggested that such applications could be very useful for better programming of drilling and better esti-
mation of ore bodies in chromite.

INTRODUCTION

During the research, so named «Searching unknown-unseen chromite ore deposits with a
protonmagnetometer», which was supported by Turkish technical and research council, so called
TUBITAK, some distinct anomaly were detected between chromite deposits and surrounding
hostrock, after taking and evaluating some 4000 measurement in the 1.1 sq. km. Finally six probable
ore deposition place and some 11 drillings on them were suggested.

As far as studied case concern, in one of the probable ore deposition area, two dimension of
probable chromite ore deposit size was tried to be found, with the help of it's magnetic
susseptibility and imagined ore shape in microcomputer.

The field research, including geophsical, geological and mineralogical work, has taken place in
1982 and 1983 sommers period, whilst the laboratory work were done in 1983-1984 winters, so M.A.G.
617 TUBITAK project were completed within 3 years. Especially this study, which is based on,
but not a part of mentioned project, was carried out some part of 1984 winter period.

The used path for research as follows; Five cross-section, so named as (C-D), (E-F), (G-H),
(J-K), (L-M), were chosen over one of the probable ore deposition area, which is placed just NW of
ornek ocak area and contoured on the 1:10.000 scaled total magnetic intensity map (Fig. 1). If it is
noticed to mentioned cross sections (Fig. 3,4,5,6,7), that earth's total magnetic intensity as well as
topografic condition were demonstrated on top another on the same page. At the end of rutin compari-
son of the topografic and magnetic sections together, it was realized, that high earth's total magnetic
intensity values comes out on the high topografic part of sections in general, although it is not a rule.

On the contrary ofthis general view in the studied area, especially on the left part of the cross-
section (L-M), some distinct earth's total magnetic intensity values were detected and all research
diverted to find out this phenomena and cause of this unignorable magnetic value increases.

Before start the research, some other relevant studies were normally checked, but somehow
there was no single study came cross, which is directly related with chromite reserve analysis with
microcomputer. In fact, there are many studies, which were noticed, suggest some different methods
of computer programme for evaluation of ore reserve in two or three dimension (see ref 1-to 15).

As a matter of fact, that the computer programme, was used in this studied case, was developed
by Manik Talwani. In an other words, this present study's target is not a programme making for
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computer, on the contrary, try to show a probability of a reserve analysis for chromite ore in the
ultrabasic area, with a computer.
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Fig. 1A - Location of the studied area in Turkey.

It is normally suggested, that some geologic 1 geophysical and the other suitable ways should
be tried, before final reserve analysis is made in the studied area. As it is known, that even ore is
throughly detected, the right outcropping and mining method should be decided carefully in advance
of drillings.

The present method is one of these ways, which may show the right economical path for mi-
ning. The specifity of this work is not only, that it was done by microcomputer, besides it was tried
on chromite ores, in the low ferromagnetic ultrabasic area, which has no distinct ferromagnetic value,
if it is compared with ferromagnetic Iron, thus the studied case was needed more sensitive care than

usual.

MATERIAL AND METHOD

Earth's total magnetic intensity measurements were taken with 20 m. intervals at the field,
whilst 4 m. intervals was used around 6rnek ocak ore deposition vicinity in order to improve trust-
ability of measurements. As it was mentioned in advance that roughly 4000 measurement were taken
within 1.1 sq. km.

The other maps was not included to this articel just because, they have not got any direct
relation with the present study. Thus, 6rnek ocak, where chromite deposits are still under mine, was
chosen and all topographic and magnetic cross-section were taken over it in advance.

At first, bell-like anomaly on section (L-M) was drawn by computer with the help of 11
points (Fig. 2), than probable ore body's shape, which causes bell-like anomaly at the field, was tried
to be found in two dimension. So that some 73 imaginary ore shapes were coded to computer in order
to find out the most probable ore shape. Due to publishing problems, except some typical examples,
most of them were not included to the present articel.
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In exception, Figure 8B, 9B, 10B and 11B were obtained with using same imagined shape
(8A), but changing the real magnetic susseptibility value in between (0.0015-0.0025) emu (electro
magnetic unity). At last of these trials (Fig. 13A, B; 14A, B; 15A, B; 16A, B), changing the real magnetic
susseptibility values and imaginary ore shapes, the most probable ore shape and its anomaly were
found, which can fitin to the anomaly, which was drawn according to earth's total magnetic intensity
vaues, which were detected by proton magnetometer a the studied area (Fig. 17A, 17B).

If one would able to prepare some more cross-sections very close to section (L-M), than it
may became possible to find out rough third dimension and more exact reserve analysis can be made.

Just before given one specific example to show followed path during model analysis, used
constant and abbreviations should be explained.

On the microcomputer programme;
X — 1:500 scaled cross-section were placed on X abscissa as (m)

F = Measured total magnetic intensity of earth at the studied area placed on Y ordinate as

gammas (9)
A = Inclination angle, 58° at the studied area
B = Denclination angle, 2° at the studied area

C = Cross-section strike's angle from north
At the studied area, it is 40° for al
(C-D), (E-F), (G-H), (¥K), (L-M) sections

K = The real magnetic susseptibility values for chromite ore, which were found at the labo-
ratory in between (0.0015-0.0025) emu

The earth's total magnetic intensity's background of studied area is 46 500 g, but for this
present study, above 47 000 g level was accepted as «fit in» part, for obtained computer graphic
and graphic obtained from field measurement.

It can be seen eadily, if it is noticed the first 5 cornered imagined ore shape (8A), which is
1:1000 scaled on the Y ordinate, 1:500 scaled on the X abscissa and computed, with found susseptibi-
lity value.

At the first trial, the real magnetic susseptibility value of chromite ore is accepted as K=0.0017
emu, but after trial, it was seen that the graph obtained, did not fit in to bel-like anomaly, which
was obtained from (L-M) cross-section of field measurement.

Than for the same shape, different susseptibility values (0.0019, 0.0022, 0.0024 emu) were
tried, but still «fit in» graph could not have been obtained (Fig. 9B, 10B, 11B). Later on, imagined
ore shape was changed and 6 cornered shape in different coordinate and position were tried with
different k values.

At the end of 73 trials, the most probable ore shape and the most «f it in» position were obtained
(Fig. 17 AB).

According to thisfinal ore shape, the probable ore, with 85 m. depth and roughly 30 m. width,
Stuated roughly 15 m. from surface level.
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Tunceli Piiliimiir

Point X 4 V
1 ] 52 —35.00000E4-002
2 10 47 —5.20000E+002
3 25 4} —4 J00E-002
4 37 35 —2 . 00000E--002
5 50 30 3. 00000E 4001
(i} 69 23 2 .00000E 4002
7 81 22 5.00000E-4-001
8 9 21 —2.00000E4-002
9 100 21 —3.50000E-+002
10 115 17 —4, 10000E+002
11 130 10 —3.00000EJ-002
F = 46500

A = 58

C=4

B=2

[
&
e
| "-.‘
t/ )

; s..
? ., /
., /

L
Fig. 2 - Bell-like anomaly from the section {L-M) was drawn with the help
of 11 points by micro computer.

DISCUSSIONS AND RESULTS

The main weakness of the suggested method is that not being managed to prove it with dril-
lings. The studied vicinity's concession right belong to private bodies and naturally managed by them,
therefore neither TUBITAK, nor any other relevant goverment establishment, such as MTA,
Etibank, would have beenable to support these suggested drillings. Besides, it was seen very difficult
to persuade private miners for such heavy investment.

A part of this main weakness, there is another important point was that, surrounding host-
rock interference, either positive or negative direction was not being able to calculated in the computer
programme. But even than, it was found quite useful to try as it is.
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After working some other places with the same method and seeing the result of drillings, than
ore can search, in what condition and how, the surrounding rocks magnetic susseptibility interferen-
ce, add or deduct from calculation in the computer programme.

Besides all, one must be careful, while collecting hand samples. Naturally more sample collec-
tion would improve the sensitivity ofthe results, whieh would be obtained at the laboratory.

Susseptibility measurement should be repeat as much as one can, in order to minimize faulty
measurement probability.

During the magnetic susseptibility analysis, samples were grinded into a rice and/or cracked-
wheat size, than measurement took place. But, samples can be grinded in to a different mesh size
and compare the results respectively. Finally, if all results would have come out to be affirmative to
the present method, it can be said that, in the studied part of the searched area, some 85 m. depth,
and roughly 30 m. width chromite deposit was detected. Even the" thickness of ore is accepted only
as 10 m. and tenore of chromite is accepted as 40-42 % Cr,0,, than roughly 50.000 tons of pure
chromite supposed to be found. If one would like to find out exact thickness of ore, instead of 10 m.
estimation, than should try to prepare topographic and magnetic cross-sections very close to (L-M)
section, and do exactly same process for each.

As it is known, that for the time being in Turkey, either government managed mining companies
or rich private companies have computer facilities, so that it is worth to try this type of advance work
before drillings, in order to spare time and money.
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Fig. 3 = The cross-section (C-D).
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K= 0.0017
Corner numbers of the polygon : 5
Corner coordinates of the polygon
Corner no. Coordinates
( 70,30)
(50,40}
( 60, 250)
{ 75 , 250)
(85,35)
Tunceli Pitliimiir
Magnetic anomaly calculation of tuwo dimensional prisms by Talwani method

LU T - FT I (N Y

I X z T
Poine no. Horizontal distance Calculated gamma values

i 0 32 —4.35878E-+001
2 10 47 —4.65745E+001
3 25 40 - —4.82039E+4-001
4 37 35 —3.26673E4-001
5 50 30 1.01703E4-002
6 69 23 2.87616E4-002
7 81 22 1.33513E4-002
8 90 21 8.48207E4+-001
9 100 21 2,77355E+001

10 115 17 6. 11447E4-000

111 170 10 1.87876E4-000

Fig. 8B - The graph is drawn by microcomputer with the help of shape 8 A and K=0.0017
emu real susseptibility value of chromite sample.
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K = 0.0019

Corner numbers of the polygon : 3
Corner coordinates of the polygon

Corner no. Coordinates

1 (70,30 )

2 (50,40 )

3 (60, 250 )

4 (75 . 250 )

5 (85,35 )

Tunceli Piliimiir
Magnetic anomaly calculation of two dimensional prisms by Talwani method

I X A T
Point no. Horizontal distance Calculated gamma values
1 0 52 —4.87158E4-001
2 10 47 —5.20539E 4001
3 25 40 —5.38750E-+001
4 37 35 —3.65329E4-001
5 30 30 1. 13668E-+002
6 69 23 3.20782E4-002
7 31 22 2,05103E4-002
8 90 21 8.47996E 001
9 100 21 3.09985E--001
19 115 17 6.83332E4-000
11 130 10 2.09980E--000
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Fig. 9B - The graph is drawn by microcomputer with the help of shape 8 A and K=0.0019
emu real susseptibility value of chromite sample,
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K = 0.0022
Corner numbers of the polygon : 5
Corner coordinates of the polygon

Corner no. Coordinates
1 (70,30 )
2 (50,40 )
3 (60, 250)
4 (75, 250)
5 (8,3 )

Tunceli Piiliimiir
Magnetic anomaly calculation of two dimensional prisms by Talwani method

i X Z T
Point no. Horizontal distance Calcnlated gamma values
1 0 52 —5.64077E4-001
2 10 47 —6.02729E+001
3 25 40 —6.23816E-+-001
4 37 35 —4.23012E4-001
5 50 30 1.31616E4-002
) &9 23 3.71432E 002
7 81 22 2.37487E4-002
8 9% 21 1.09768E4-002
9 100 21 3.68930E4-001
10 115 17 7.91284E4000
11 130 10 2.43134E4-000
i 4
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Fig. 10B - The graph is design by microcomputer with the help of 'shape 8 A and
K=0.0022 #mu real susseptibility value of chromite sample.
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K = 00024
Corner numbers of the polygon : 35
Corner coordinates of the pelygon

Corner no. Coordinates

(70,30 )
(50,40 )
(60,250 )
(75 .250)
(8,35 )

L S

Corner no. Coordinates
(70,30 )
(30,40 )
{ 60 , 250 )
{75, 250)
(8,35 )
Tunceli Piiliimiir
Magnetic anomaly calculation of two dimensional prisms by Talwani method

b L) D e

I X Z T
Point no. Hyrizontal distance Caleulated gamma values
1 0 52 —6.15357E4-001
2 10 47 —6.57522E4-001
3 25 40 —6.80526E+001
4 37 35 —4,61468E4-001
5 50 30 1.43581E4-002
6 69 3 4.05198E 4002
7 3 22 2.59077E4-002
8 90 21 1.19747E4-002
g 100 21 3.91560E+001
10 115 17 8.63219E4-000
11 130 10 2.65237E4-000
’
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Fig. 11R - The: graph is drawn oy micrucomputer with the help of shape 8 A and
K=0.0024 emu real susseptibility value of chromite sample.
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K = 0.0025

Corner numbers of the polygon : 6

Corner coordinates of the polygon
Corner no. Coordinates

(70,30 )
(40,45 )
(55,210)
(80, 210)
(85,47 )
(95,35 )

Tunceli Piiliimiir
Magnetic anomaly calculation of two dimensional prisms by Talwani method

oW e L b =

I X zZ T
Point no. Herizontal distance Caleulated gamma values
1 0 52 —9.58305E+-001
2 10 47 —1.02363E4+002
3 25 40 —9.11875E+001
4 37 35 3.86762E4-001
5 50 30 2.64409E--002
6 69 23 4.43427E 4002
7 81 22 3.35426E4-002
8 90 21 1.86521E+002
9 100 21 5.49421E4-001
10 115 17 4.03052E4-000
1 130 10 —1.85880E4-000
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Fig. 12B - The graph is drawn by micmoo!‘nputer with the help of shape 12 A and
K=0.0025 emu the real susseptibility value of chromite sample,
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Fig. 13A - The suggested ore shape,
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K = 0.0025
Corner coordinates of the polygon
Corner no. Coordinates
1 (70,30 )
2 (40,45 )
3 (55,210)
4 (80, 210)
5 (77,45 )
6 (98,129 )

Tunceli Piliimiir
Magnetic anomaly calculation of two dimensional prisms by Talwani method

I X 4 T
Point no. Horizontal distance Calculated gamma values

1 0 52 —8.58624E+001

2 10 47 —9.19589E+001

3 25 40 —38.16611E-+-001

4 37 35 4.44529E+4-001

5 50 30 2.56747E4-002

6 69 23 3.94203E--002

7 81 22 3.11761E4-002

8 90 21 1.77768E4-002

9 100 21 1.97633E4-001

10 115 17 —1.10789E--001

11 130 10 7 .34844E 000
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Fig. 13B - The graph is drawn oy uscrosoppuwes with the help of shape 13 A and
K=0.0025 emu the real susseptibility value of chromite sample.
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K = 0.0025

Corner numbers of the polygon : 6

Corner coordinates of the polygon
Corner no. Coordinates
(70,30 )
(40,45 )
(55,210)
(80, 210)
(85,47 )
(100 , 25 )

Tunceli Piiliimiir
Magnetic anomaly calculation of two dimensional prisms by Talwani method

SN e L N e

! X Z T
Pomt no. Horizontal distance Calculated gamma values
1 0 52 —-0,85706E 001
2 10 47 —1.05905E+002
3 25 40 —9.71108E4-001
4 37 35 2.88970E+-001
5 50 30 2.44920E 4002
6 69 23 4.13660E4-002
7 81 22 4 09930E4002
8 90 21 3.27209E 4002
9 105 21 8.33651E4-001
10 115 17 —1.46027E4-001
11 130 10 —9.40075E4-000

1
i y; 3
i Y

i NN

Fig. 14B - The graph is drawn by microcomputer with the help of shape 14 A and
K=00025 emu the real susscptibility value of chromite sample.
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K = 0.0025
Corner numbers of the polygon : 6
Corner coordinates of the polygon

Corner no.

LN e ) D

Coordinates

(70,30 )
(40,45 )
(55, 210)
(80, 210)
(75,80 )
(105, 70 )

Tunceli Piiltimiir
Magnetic anomaly calculation of two dimensional prisms by Talwani Method

I X V4 T
Point no. Horizontal distance Caleulated gamma values
1 0 52 —4%.47469E4-001
2 10 47 —1.02405E4-002
3 25 40 —9.23563E4-001
4 37 35 4.00534E4+001
5 50 30 2.79975E4-002
6 69 23 4.26836F 4002
7 81 22 2.33643E-1-002
8 90 21 1.34899E+4+002
9 100 2i 6.59235E+4001
10 115 17 1.82314E4-001
11 130 10 3.35604E+4000
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Fig. 158 - The graph is drawn by microcomputer with the help of shape 15 A and
K=0,0025 emu the real susseptibility value of chromite sample.
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K = 0.0025

Corner numbers of the polygon : 6

Corner coordinates of the polygon
Corner no, Coordinates

(70,30 )
(40,45 )
(55,210)
(75, 210)
(80,80 )
(95,75 )

[=a RN Y R N FUR R

Tunceli Piiliimiir :
Magnetik anomaly calculation of two dimensional prisms by Talwani method

I X z T
Point no. Horizontal distance Caleulated gamma values
1 0 52 —~9.08993E+001
2 10 47 —9.65380E4-001
3 25 40 —8.19111E+001
4 37 15 5.51905E4-001
5 50 30 2.97188E4-002
6 69 23 3.99885E4-002
7 81 22 1.90236E 4002
8 90 21 1.03186E14-002
9 100 21 4.71294E4-00
10 115 17 ~ 1.28561E4-001
11 130 19 2.49310E1-000

{ 1
[N
f/

Fig, 16b - The graph is drawn by microcomputer with the help of shzpe 16 A and
K=0.0025 emu the real sutseptibility value of chromite sample,
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K = 0.0024
Corner numbers of the polygon : 6
Corner coordinates of the polygon

Corner no.

- L ¥ R U FUR S R

Coordinates

(70,30 )
(82,45 )
(57,200)
( 80, 200 )
(80,47 )
(95,40 )

Tunceli Piltimtir

Magnetic anomaly calculation of two dimensional prisms by Talwani method

I X VA T
Point no. Horizontal distance Calenlated gamma values
1 0 52 —8.09269E+001
2 10 47 —8.67043E--001
3 25 40 —8.00498E+001
4 37 35 1.37344E 4001
5 50 30 2.27617E4-002
6 69 23 4.01627E4-002
7 81 22 2.56349E+002
8 90 21 1.22763E4-002
9 100 21 3.41601E-+001
10 115 17 5.04258E 1001
1 130 10 —3.13139E--000
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Fig. 17B « The graph is drawn by microchbmputer with the help of the most
Meal shape 17 A and K=0.0024 emu the real susseptibility value of
chromite sample.



122 Dogan AYDAL

ACKNOWLEDGEMENTS

The author would like to express his great appreciation and thanks to geophysical
department of Mineral Research and Exploration Institute, especially to Mr. Aydok Calim,
Fikret Ozkazang, Tankut Kilinc and Seyit Tosun who gave great support and facilities during
susseptibility measurements and computer modelling.

Manuscript received January 14, 1986

REFERENCES

1 — Affleck, J., 1958, Interrelationships between magnetic anomaly components: Geophysics, 23, 738-748.

2 — Bott, M.H.P., 1963, Two methods applicable to computer for evaluating magnetic anomalies due to finite three
dimensional bodies: Geophys. Prosp., 11, 292-299.

3 — Gay, S.P., Jr., 1963, Standard curves for interpretation of magnetic anomalies over long tabular bodies:
Geophysics, 28, 161-200.

4 — Henderson, R. G. and Allingham, J. W., 1964, Magnetization of an inhomogeneous laccolith calculated on a
digital computer, in computers in the mineral industries, part 2: Stanford University publications, Geol. Sciences,
9, 481-497.

5 — Hersey, J. B., 1962, Findings made during the June 1961 cruise of Chain to the Puerto Rico Trench and Caryn
Seamount: Jour. Geophys. Res., 67, 1109-1116.

6 — Miller, ET. and Eving, M., 1956, Geomagnetic measurements in the Gulf of Mexico and in the vicinity of
Caryn Peak: Geophysics, 21, 406-432.

7 — Steenland, N.C., 1962, Gravity and aeromagnetic exploration in the Paradox Basin: Geophysics, 27, 73-89.

8 — Talwani, M. and Heirtzler, J.R., 1964, Computation of magnetic anomalies caused by two dimensional structures
ofarbitrary shape, in computer in the mineral industries, part 1: Stanford University publications, Geol. Sciences,
9, 464-480.

9 — Thyssen Bornemisza, S. and Stackler, W. F., 1956, Observing vertical gravity gradient: Geophysics, 21, 771-
779. 1962, The average horizontal gravity gradient: Geophysics, 27, 714-715.

10 — Vacquier, V., 1963, A machine method for computing the magnitude and the direction of magnetization ofa uni-
formly magnetized body from its shape and a magnetic survey: Proc. Benedum Earth Magnetism Symposium
1962, University of Pittsburgh press.

11— Steenland, N.C.; Henderson, R.G. and Zietz, 1., 1951, Interpretation of aeromagnetic maps: Geol.
Soc. Amer., Mem., 47.

12 — Vogel, A., 1963, The application of electronic computers to the calculation of effective magnetization: Geophys.
Prosp., 11, 51-58.

13 — Werner, S., 1953, Interpretation of magnetic of anomalies at shectlike bodies: Sveriges Geologiska Undersockning,
Arsbok, 43.

14 — Worzel, J. L., 1959, Continuous gravity measurements on a surface ship with the Graf Sea Gravimeter: Jour.
Geophys. Res., 64, 1299-1315.

15 — Zietz, 1. and Henderson, R.G., 1956, A preliminary report on model studies of magnetic anomalies of three
dimensional bodies: Geophysics, 21, 794-814.

16 — Talwani, M., 1965, Computation with the help of a digital computer of magnetic anomalies caused by bodies of
arbitrary shape: Geophysics, xxx, 5 (October, 1965), 797-817, 11 figs.



LACAZINA OEZTEMUERI SIREL 1981 RENAMED AS PSEUDOLACAZINA OEZTEMUERI
(SIREL)> FROM THE THANETIAN LIMESTONE (CENTRAL TURKEY)

Erciiment STIREL*

ABSTRACT. — In 1981, Lacazina oeztemueri Sirel was first described and figured by the present author from the
Paleocene (Thanetian) of the different regions in central Turkey; Aksaray (southeast of Tuz lake), Kirikkale (southeast
of Ankara), Eregli (northwest of Bolkar mountains), and Orencik, Demircilik (southeast of Sivas). In this paper, Lacazina
oeztemueri is reviewed on well preserwed material of this species. Because of the following characters, Lacazina oeztemueri
Sirel is renamed as Pseudolacazina oeztemueri (Sirel); all the chambers of the form A are arranged in biloculine mode;
the growth stages of the form B are composed of quinqueloculine with proloculus, biloculine and monoloculine cham-
bers; the septula are arranged in continuous rows in both generations (form A, B).

INTRODUCTION

During an investigation of Paleocene strata of the Aksaray, Kirikkale, Eregli, Orencik and
Demircilik regions (central Turkey) (Fig. 1) carried out in 1981; a «fabularid» species resembling
Lacazina «Lacazina oeztemueri» was observed and described from limestone regarded as of Thanetian
age. The four trematophorid foraminifers (Lacazina Munier-Chalmas 1882, Fabularia Defrance 1820,
Periloculina Munier-Chalmas and Schlumberger 1885 and Pseudolacazina Caus 1979) are globular
to ovoid in general shape, porcellaneous form and the same subdivision of the chambers with cham-
berlets. When studying on only one of the generations (form A,B) of these trematophorid forms, they
can be confuse with each other, even in thin sections examination. It is obvious that all observable
features of both generations (form A,B) must be taken into consideration when studying on trematop-
horid foraminifers such as Fabularia, Periloculina, Lacazina and Psedolacazina.

In this study, the some diagnostic characters of the genus Pseudolacazina have been obtained
from the both generations (form A,B) of the Lacazina oeztemueri which is reviewed on well preserved
materials of this species. For this reason, Lacazina oeztemueri is transfered to genus Pseudolacazina
Caus. The figured samples are deposited at the Museum d'Histoire naturelle, Geneve, Suisse (86~
10019—86-10033).

SYSTEMATIC DESCRIPTION

Order : Foraminiferida Eichwald, 1830

Superfamily : Miliolacea Ehrenberg, 1839 .

Family . Fabulariniidae Ehrenberg, 1839, emend Drobne, 1984
Genus . Pseudolacazina Caus, 1979 -

Type species . Pseudolacazina hottingeri, 1979

Pseudolacazina oeztemueri (Sirel), 1981
(Plate I, fig. 1-6; Plate II, fig. 1-10 ; Plate III)

1981 Lacazina oeztemueri Sirel, Pl 4, fig. 1-6; Pl 5, fig. 1-6.
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Fig. 1 - Location map.

Diagnosis. — Test large, ovoid, slightly elongate in the direction of the apertural axis, imper-
forate porcellaneous shell with thick wall. All the chambers except 4-6 undivided chambers arround the
proloculus of the form A are arranged in biloculine mode, all the chambers of the form B are
quinqueloculine to monoloculine; 3 cycles undivided quinqueloculine chambers complately em-
bracing mikrospheric embryo, the first 4-5 chambers which follow the quinqueloculine cycles are
arranged in biloculine pattern, all later 7-11 chambers are monoloculine; the cavities of the biloculine
and monoloculine chambers are subdivided by the continuous thick septula in parallel tooth-like
chamberlets, the aperture is trematophore at one end of the apertural axis.

Description

Microspheric form: Test is large, ovoid, slightly elongated in the direction of the poles (aper-
tural region). The wall (outher wall and basal layer) is porcellaneous calcite. The equatorial diameter
varies between 2.7-49 mm, axial diameter reaches 3.4 mm, index of elongation (ratio of the equa-
torial diameter to the axial diameter) is 1.15-1.44 but the mean values are arround 1.3. The micro-
sphere is spherical (PLI, fig. 1,2,4,6) its diameter varies between 22 u-25 u. The first 3 cycles
which follow the microsphere are arranged in quinqueloculine pattern and coiled very tigtly, their
diameter varies from 248 u to 266 u. They are followed by 4-5 whorls of biloculine mode with a
diameter 719-892 p. All the later 7-11 chambers are monoloculine. The cavities of the biloculine and
monoloculine are subdivided by the septula into parallel chamberlets. The thick septula join the outer
wall ofthe chamber together with the septum; they are arranged in continuous rows from one chamber
to the next. The continuous pattern in the arrangement of the septula is recognized best in the tan-
gential sections. The basal layer of the biloculine and monoloculine chambers are thick compared to
the chamber spaces. The chamberlets are small, their cross-sections are generally tooth-like in shape.
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The trematophores are alternating from one pole to the other in successive biloculine and monolo-
culine chambers.

Macrospheric form: The shell is very small, ovoid, rather elongated in the direction of the
apertural axis. The equatorial diameter is 1.6-1.8 mm, axial diameter 1.29-1.35 mm and index of
elongation arround 1.6; it is counted 5 chambers for an axial diameter of 1.3 mm. The proloculum
is ovate and very large compared to the size of the shell. The diameter of the megalosphere varies
between 235 w, and 310u. There is the thick goulot as the in alveolid genus. There are 4-6 undivided
chambers arround the proloculus. All the later chambers of the form A are arranged in biloculine
pattern. The biloculine arranged chambers are subdivided by the septula into parallel very small
chamberlets. The shape of the cross-section of the chamberlets is subspheric. The trematophore plate

is often positioned out of the pole in the form A.

Comparisons and remarks. — It is accepted by the present author that the foraminifer found
in Lower Part of Thanetian limestone described and figured as Lacazina oeztemueri in Sirel (1981)
from the central Turkey, belongs to Pseudolacazina Caus: when restudying on well preserved materials
of L. oeztemueriy the some some diagnostic characters of Pseudolacazina have been obtained from the
form A,B, and because of the following some diagnostic characters, L. oezfemueri is renamed as

«Pseudolacazina oeztemuerh»:

1. All the chambers (except 4-6 undivided chambers arround the macrospheric embryo) of
the form A are arranged in biloculine pattern (Pl II, fig. 4.5,8).

2. The chambers of the growth stages of the form B as the follow:

a. The first 3 cycles which follow the microsphere are arranged in quinqueloculine mode
(PL 1, fig. 1,2,4,6).

b. The quinqueloculine chambers are followed by 4-5 whorls of biloculine mode (Pl I,
fig. 1,2,3,4,6; PL 11, fig. 1,2,6,7,10).

c. The later 7-11 chambers (average 7 chambers) are monoloculine (Pl I, fig. 1,3,4,6; PI. 1I,
fig. 1,3,6,7,10).

3. The septula are arranged in continuous rows in both generations (form A,B) (Pl I,
fig. 5; PL. II, fig. 4; PL III).

The first occurence of the genus Pseudolacazina Caus reported by the Drobne (1974); in her
study on the specimens of form A and form B (without equatorial sections) from Yugoslavia,
described as «Fabularia donatae» Drobne. This fabularid species is transfered to Pseudolacazina by
the Caus (1979).

Pseudolacazina donatae (Drobne) differs from Pseudolacazina oeztemueri (Sirel) by having
delicate internal structure (very tightly coiled); it has 11 whorls (biloculine and monoloculine cham-
bers) in an axial section of 2 mm; Drobne (1974) Pl 4, fig. 21; PL 9, fig. 1; whereas,
P. oeztemueri has 11 whorls (biloculine and monoloculine chambers) in an axial section of 3.26mm;
Pl. 1I, fig. 1, also the form A of P. donatae has 6 whorls (in biloculine pattern) in an axial section
of 1-1.15 mm; Drobne (1974), Pl. 3, fig. 1,4; but, form A of P. oeztemueri has 4-5 whorls (in
biloculine mode ) in an axial section of 1.35 mm; Pl II, fig. 8. The form A of P. oeztemueri
has more chamberlets per whorl than form A of P. donatae.

P.oeztemueri Distinguished from the Pseudolacazina hottingeri Caus by having external shape,
larger size, loosely coiling and well development quinqueloculine and biloculine stages.
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Stratigraphic level and geographic distribution. — The detail stratigraphic level and geo-
graphic distribution of P.oeztemueri were reported by the present author Sirel(1981). In the Haymana
(south of Ankara), Polatl (southwest of Ankara), Kirikkale (west of Ankara), Aksaray (southeast of Tuz
lake), Eregli (northwest of Bolkar mountains), Demircilik and Orencik (southeast of Sivas) regions,
P. oeztemueri is abundant restricted shelf-back reef environments where it is accpmpained by So/-
karina aksarayi Sirel, Laffitteina mengaudi (Astre) (only three specimens are observed in about 150
thin section), Keramosphaera cf. iranica Rahaghi, Pseudolacazina aft. donatae Drobne, Idalina cf.
sinjarica Grimsdale, Peneroplidae (Hottingerinal), Miliolidae.

P. oeztemueri occurs in the Upper most Part of the biozone L. mengaudi and reaches to the
lower boundary of the biozone Aheolina (Glomaheolina) primaeva. Up to now, P. oeztemueri
has not found together with A. (Glomaheolina) primaeva Reichel.

Manuscript received, December 23, 1985
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PLATE - |
Pseudolacazina oeztemueri (Sirel) 1981
Form B

1 - Oblique section, slightly inclined to axial section, al the stages of the growth (86-10019), X 18.
2 - The quinqueloculine and the biloculine stages, mignification from figure 1, (86-10019), X 91.
3 - Oblique section, slightly inclined to axial section (it is figured in Sirel, 1981; PI. 4, fig. 5 (86-10020), X 17.
4 - Axial section, microsphere and al growth stages (86-10021), X 18.
5 - Tangential section, showing continuous septula (figured in Sirel, 1981, PI. 5, fig. 2) (86-10022), X 15.

6 - Axial section, showing microsphere, quinqueloculine, biloculine and monoloculine chambers, mignification
from Fig. 4 (86-1002!), X 56.
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PLATE - 1l

Pseudolacazina oeztemueri (Sirel) 1981
1 - Form B, axial section, al growth stages; figured in (Sirel) 1981, P. 4, fig. 6 (86-10023) X 18
2 - Form B, oblique section, largest specimen, (86-10024), X 12.
3 - Form B, oblique section (86-10025), X 14.
4 - Form A, axial, equatorial and tangential sections (86-10026), X 22.

5 - For .1 A, equatorial section, showing 6 undivided chambers arround the macrosphere and bicoline chambers
(8 -10027), X 34

6 - Form B, equatorial section, trematophore with tooth (86-10028), X 18.
7 - Form B, oblique section (86-10029), X 17.
8 - Form A, axial section, figured in Sirel 1981 as Fabulana donatae Drobne, PI. 5, fig. 7 (86-10030), X 23

9 - Form B, paralel section to the axial plane, passing close the trematophore; figured in Sirdl 1981, PI. 5,
fig. 6 (86-10031), X 18

10 - Form B, slightly oblique section to the equatorial section, figuredin Sirel 1981, PI. 5, fig. 4 (86-10032),X 19.
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PLATE - Il

Microfacies, Algal limestone with foraminiferal association (86-10033), X 6.
PB - Pseudolacazina oeztemueri (Sirel), form B.
PA - Pseudolacazina oeztemueri (Sirel), form A.
B - Bolkarina aksarayi Sirel, form B.
La - Laffitteina mengaudi (Astre), form B.
La - L. mengaudi (Astre), mignification from La X 26.
| - ldalina
C - Cords

A - Algae
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