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A THEORETICAL ANALYSIS OF PROGRESSIVE AND
RETROGRESSIVE FAILURE IN DISCONTINUOUS
ROCK MASSES SUBJECTED TO ‘IN-SITU' SHEAR

'Yerinde’ Makaslamaya Tabi Tutulan Siireksiz Kayag Kiitlelerinde
lleri ve Geri Yenilmenin Teorik Analizi

Kadri Ergin Kasapoglu
Hacettepe Universitesi Yer Bilimleri Enstitiisii

ABSTRACT. — This paper presents a study of shear deformation which
includes a theoretical approach to progressive and retrogressive failure,
involving discontinuous and elastic-elatoplastic finite element method.
It has been concluded that choice of boundary conditions exertd an im-
portant control on failure mechanism. Under certain boundary conditions,
the ultimate failure of the test block is a consequence of multiple fracture
mode. 'In-situ’ shear tests on geological materials should be interpreted
in more sophisticated terms; i.e., as a consequence of variable combined
stress state, involving inhomogeneous stress field, one or several of prin-
cipal stresses being tensile; extensive stress reorientation; and multiple
crack propagation. The theoretical approach to the mechanism of shear
deformation. The theoretical approach to the mechanism of shear defor-
mation and failure characteristics of 'In-situ’ shear tests, utilizing finite
element method, appears to be a valid approach for prediction of certain
experimental results.

0Z. — Bu yazida takdim edilen makaslama deformasyonu calismasi,
slireksiz ve elastik-elastoplastik sonlu elementler metodu ile, ileri ve
geri yenilmenin teorik analizini kapsamaktadir. Bu ¢alismadan ¢ikarilan
sonuglara gore, kenar ylikleme gartlarinin seg¢iminin yenilme mekaniz-
masinin kontrolii yoniinden ¢ok nemli etkileri vardir; belirli kenar yiikleme
sartlari altinda, deneme blokunun en son yenilmesi birden fazla kirlma
seklinin bir neticesidir. Jeolojik materyaller (izerinde yapilan 'yerinde'
makaslama denemeleri, daha degisik bir terminoloji ile, bir veya birkag
asal gerilmenin tansiyon seklinde, oldugu, homojen olmayan bir gerilme
alani, yaygin bir gerilme reoriyantasyonu ve birden fazla ¢atlak ilerlemesi
gibi degisebilen birlesik gerilme hallerinin bir neticesi olarak degerlendiril-
meli ve agiklanmalidir. 'Yerinde' makaslama denemelerindeki makaslama
deformasyonunun ve yenilme mekanizmasinin, sonlu elementler metodu
ile yapilacak teorik analizleri ile bazi deneysel neticeleri 6nceden belirliye-
bilmek miimkdiinddir.
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INTRODUCTION

Direct tests in the laboratory and in 'in-situ’ field conditions are
important sources of information on strength parameters for soil
and rock materials, for both geologic and engineering purposes.

Despite this widespread usage, the physics of deformation in-
volved in these tests are not well understood, and as a result im-
portant misinterpretations of the data resulting from sheartesting
are possible. One purpose of this work has been, in fact, to obtain
some general information on actual mechanism of shear defor-
mation and shear sailure in both laboratory and 'in-situ’ shear
tests, and shed light upon some of these difficulties, in particular
the development of progressive failure in isotropic and anisotropic
non-linear materials as a function of the method of application of
boundary forces.

Under conditions in which all stresses are compressive and
normals stresses on all discontinuities are high, it is realistic to
treat the roch system as an elastic continuum. However, the pos-
sibility of development of the tensile stresses at the base of the
block is considered to be extremely important for understanding of
the mechanism of deformation and failure in 'in-situ’ shear tests.
Any displacement within the rock mass may change the relative
position of the rock "block” and result in high localized stresses on
them, which may cause individual localized failures. These fadlures
may be of tensile, indirect tensile, or shear mode type. The stresses
in the rock system may redistribute themselves in a characteristic
fashion after localized failures.

Progressive type failure is very common in many soil and rock
materials. Understanding of the mechanism of this type of failure
is very important; yet the conditions underwhich it may occur are
poorly understood.

ANALYSIS TECHNIQUES

The finite element method (FEM) has been employed to ana-
lyze stresses and strains in plane-strain shear block model. The
concept utilized here, as described by Wang and Voight (1969). in-
volves the ordinary finite element partitioning of a solid model into
a discrete number of two-dimensional elements with "dual nod-
al points” used along prescribed planes of discontinuity. A Cou-
lomb-Navier representation with a tension cut-off hasbeen uti-
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lized. Progressive failure in the potential shear zone (i.e., a plane of
discontinuity at the base of the shear block) has been considered.

Dahl's (1969) finite element code with suitable modifications
has also been used for the elastic-elastoplastic analysis; the ma-
terial is gisumed elastic- perfectly plastic and analysis has been
based on elastic-elastoplastic idealization. Formulation of the
problem is in terms of incremental theory of plasticity where by
constitutive nonlinearity in the post-yield region is analyzed in a
number of increments (Dahl, 1969; Dahl and Voight, 1969; Voight
and Dahl, 1970). Each increment is independent ; total stresses and
strains from the previous increment are added to the incremental
stresses and strains of the present increment in order to compute
total stresses and strains of the presents increment,

MODEL FORMULATION

Two basic computer models, labeled M1 and M2 Figures 1, 2
were developed for the theoretical analysis by finite elemant tech-
niques and used during the course of this investigation.

M1: a model of an 'in-situ’ shear bloch with three internal dis-
continuties, labeled DI, D2 and DS; where DI concides with the
hypothetical shear plane at the base of the block ; and D2 and
D3 coincide with potential tension fractures predicted from
experimental analysis. This is the model most commonly
used for the elastic analysis in ipajor part of this study.

M2: a model of an 'in-situ’ shear block with no discontinuity. This
model was principally employed for the elastic-elastoplastic
analysis.

The two-dimensional idealization was assumed to provide an
adequate approximation to prototype conditions.

The analysis has been limited to one particular rock, Berea
sandstone; the mechanical behavior of this rock was well suited
to the requirements of this study; data on its physical properties
was unusually complete and was available to the author (Table 1).
The material constants for the elastic, homogeneous and isotropic
continuum were E = 1.1 X 10° psi., and v = 0.2. The material con-
stants for the transversely isotropic continuum were as given be-
low :

E. =1.1X10°%psi E = 0.6 X 10° psi.

v,=0.2 v,=0.13

G =0.46 X 10° psi.
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BOUNDARY CONDITIONS

Eight different ways of loading the shear block model, in terms
of various force and displacement boundary conditions, were con-
sidered (Figures 3) ; these conditions are described as follows.

L1:
L2:

L3:

L4:

L5:

L6:

L7:

L8:

Uniformly distributed load parallel to the base of the block.

Uniformly distributed load parallel to the base of the block; and
uniformly distributed load perpendicular to the base of the block.

Uniform displacement of the left-hand side of the block parallel
to its base.

Uniform displacement of the left-hand side of the block parallel to
its base ; and uniformly distributed load perpendicular to the base
of the block.

Uniformly distributed load parallel to the base of the block as con-
centrated at the lower third of the block.

Uniformly distributed load parallel to the base of the block as con-
centrated at the lower third of the block; and uniformly distributed
load perpendicular to the base of the block.

Uniformly distributed load inclined to the base of the block at an
angle of 20°.

Uniformly distributed load inclined to the base of the block at an
angle of 20° ; and uniformly distributed load perpendicular to the
base of the block.

TABLE 1

Nominal Valu of of the Physical Properties of Berea Sandstone

(After Khair, 1971)

Physical Property Value
Unconfined Compressive Strength 9.000 psi.
Unconfined Tensile Strength 300 psi.

! Shear " 1.400psi.
Young's Modulus in Compression 1.15X1068 psi.
Young's Modulus in Tension 0.58X10° psi.
Poisson's Ratio in Compression 0.2
Poisson's Ratio in Tension 0.1

Independent Shear Modulus 0.46X10¢ psi.
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RESULTS AND DISCUSSION

The results for the elastic continuum, discontinuum, and elas-
tic-elastoplastic solutions are grouped and considered in three
separate sections.

1. Elastic Continuum Solutions

Results of plane strain FEM analyses using model M1 and as-
suming an elastic, homogeneous and «either isotropic or trans-
versely isotropic continuum are presented herein, for various
boundary conditions in terms of:

Principal stress distribution: All analytical solutions, in terms of
direction and magnitude of major and minor principal stresses, were
plotted by computerized (CalComp) plotter at the centroid of each
triangular element A typical isotropic solution data for the bounda-
ry condition L-4 is presented in Figure 4. Direction and magnitude
of the major and minor principal stresses are inhomogeneously
distributed throughout the rock mass, with significant variations
across the hypothetical shear plane at the base of he block and
significant stress concentrations at the corners. The zone of prin-
cipal stresses in tension is most extensive for purely edge loaded
models (L-1,2,3,5,7) being somewhat more suppressed for the dis-
placement boundary condition (L-3) and for concentrated loading
(L-5). There are significant changes in the principal stress direc-
tions as function of boundary conditions; in all cases the steepness
of the principal compression trajectory is enhanced by application
of normal force to the shear block; the most extreme examples are
perhaps L3, and L-4 where application of normal force was suffi-
cent to alter a predominantly sub-horizontal compression axis to a
predominantly subvertical orientation.

Distribution of strains and stresses at the base of the block:
Both strains and stresses at the base of the block are distributed
nonuniformly for all boundary conditions. In general, both normal
and tangential strains, as well as the normal and tangential stress-
es have tensile (reckoned positive) values in the left-hand part of
the base of the block for L- 1, 3, 5, 7; ie., for conditions without
vertical confinement. For the boundary conditions L-2 and L-8 the
extensile strains and tensile stresses remain, and even then only
for the tangential components. Figures 5 and 6 show the distribu-
tion of strain and stresses at the base of the block for the bound-
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ary conditions L-3 and L-4. For the boundary conditions L-4 and
L-6, all the strains and stresses are compressive, i.e., no extensile
strains or tensile stresses occur at the base of the block. This sit-
uation is considered important because this is the only situation in
which failure of the block could initiate wholly as a consequence of
shearing. However, even for these models, tensile regions exist may
be mechanical significance in direct shear testing. For example,
Figure 7 shows the distribution of the strains and stresses along
the inclined discontinuity D3 (see Figure 1) for the L-4 boundary
condition at the incipient yield. Initial yielding occurs in the tension
mode at the free boundary of discontinuity D3 as a consequence of
high tensile stress concentration at the corner.

Dependence of tensile zone of normal force: Figure 8 shows the
progressive development of a tensile zone en the block with re-
spect to various ratios of applied normal force to applied tangential
(edge) force. The area of the tensile zone increases as the ratio of
normal to tangential force (R) decreases. There is no tensile zone
developed at the base of the block for R = (i.e., F, = 0) ; conversely
the tensile zone is the largest for R=0 (i.e., F = 0).

Maximum shear stress contours: Contours of the maximum
shear stresses developed in the shear block under various bounda-
ry conditions were plotted in the neighbourhood of the block base.
For most boundary conditions, concentration of the maximum
shear stresses occurs near the corners of the base of the block,
but not necessarily the pilane of the rock block base. This fact, also
reported by Ruiz et al, 1968; possibly explains the occurrence of
shear failure surfaces out of the plane of the block base on a num-
ber of tests reported by various investigators (e.g., Evdokimov and
Sapegin, 1970). Concentration of the maximum shear stress con-
tours around the right-hand corner of the block base also points
out the effect of rotational deformation of the shear block on fail-
lure mechanism. The boundary conditions L-3 and L-4 are the only
conditions underwhich this effect is minimized due to minimized
rotation of the block. Figure 9 shows the maximum shear stress
contours in the neighbourhood of the block base for the boundary
condition L-4

Displacement fileld and distortion of the block: The total dis-
placements of the nodal points were also plotted on a CalComp
plotter. Figure 10 and 11 show the elastic displacement fields for
the boundary conditions L-3 and L-4. Distortion characteristics of
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the block corresponding to the boundary displacement field for L-3
and L-4 are shown in Figure 12. These results show that type of
deformation in the block basically depends upon the nature of the
appilied boundary conditions.

2. Discontinuum Solutions

The results presented in the previous section represent load-
ing conditions associated ith incipient initial failure. Any further in-
crease in that critical tangential load causes (at least local) failure
along any one of hree discontinuities D1, D2, D3 (see Figure 1), in
either a slip or separation mode.

Mode of deformation: The theoretical results are of interest,
clearly showing the dependence of failure mode on the boundary
conditions. Al boundary conditions, except for L-4, resulted in in-
itial yielding of the block at the first node of the discontinuity D1,
in the form of dual node separation; failure propagated along that
discontinuity in the separation mode until complete failure occured
in the form of separation of aill dual nodes on D1. For boundary
condition L-4. however, yielding of the block initiated in the sep-
aration mode at the top the discontinuity D3 ; failure propagated
diagonally along D3 until the last dual nodes on D3 are separated
(Figure 13). This is considered to be the termination of the "first
stage” of faillure. Further (loading after the complete opening of D3,
produced the initiation of the "second stage" of failure, this time at
the base of the block at the first dual nodes of D1 in the "slip” mode
(i.e., shear). This second sage of failure progressed towards the
center of the block in the "slip” mode betweeen subsequent dual
nodes. At the time the second stage of failure reached to about
one-sixth of the total length of D1 from the left-hand corner, a
"third stage” of failure of the block was initiated on D1 at the op-
posite corner, and retrogressed towards the center of the block in
the "slip” mode. Complete rupture at tha base of the block occured
when the progressive and retrogressive failure surfaces met on DI
in the middle of the block base (Figure 14). The progressive and
retrogressive failure series with associated displacement fields
and principal strfess distributions are summarized in Figures 15,
16 and 17, respectively.
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Mechanism of failure: In most cases concentration of tensile
stresses occured around the left-hand corner of the shear block.
Initial failure thus occurred at this corner in form of a tensile crack
which opened and propagated diagonally along the discontinuity
D3. Separation along D3 releases tensile stresses originally de-
velop ed and thus causes a redistribution of strains and stresses
along the base of the block (Figure 18) ; this redistribution is re-
sponsible for subsequent failaure along D1, predominantly in the
"slip” (shear) mode. A temporary cessation of crack propagation,
and the inception of a "third stage'' of failure associated with retro-
gressive stlip at the opposite corner, can also be explained in terms
of subsequent stress redistribution, which finally results in critical-
ly high shear stress concentration at he lower lefthand corner of
the shear block.

Peak and residual strength and progressive failure: Two series
of experiments were conducted; in the first series, constant strength
parameters (i.e., experimentally determined peak values for CF, SS
and TS) (Table 2) were assigned to D1 and were maintained as the
edge displacements were applied in successive increments. The
total edge displacement required in order to cause "slip" (shear
failure) at each successive nodal point along D1 were determined
(Figure 19). In the second series, peak strength parameters were
initially prescribed, but not necessarily maintained. A new set of
strength parameter (i.e., exprimentally determined residual value
for CF; Zero for SS, and for TS) were subsequenttly assigned to the
each posint on D1 if a minimum horizontal displacement between
dual nodes reached to a specified critical value (i.e., uy = 1.0+105
in.) in the previous loading increment; the original peak strngeth
values are retained for points which had either not yet failed in the
"slip” mode, or which had not undergone sufficient "slip”". The ap-
plied edge displacements required to cause shear failure were de-
termined for each successive point. Results obtained for this series
are also summarized in Figure 19. The shear strength failure enve-
lopes predicted from these two series of computer experiments are
plotted together which the "intrinsic" peak and residual strength
failure envelopes, drawn on the basis of the fundamental values of
SS and CF (Figure 20). The results are of interest, clearly showing
the significant differences between the fundamental values of SS
and CF (Figure 20). The results are of interest, clearly showing the
significant differences between the fundamental values of SS and
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CF, and the predictide values SS’, and CF'; and the effect of residual
values of TSR, SSF and CF® on the shear strength characteristics of
the rock.

TABLE 2

Fundamental Values of CF, SS. and TS Assumed Along the
Discontinuities D1, D2, D3.

Discontinuity CF SS TS
D1 0,65+ 1200+ psi 300 psi
D2 0.975 1800 psi 450 psi
D3 0.975 1800 psi 450 psi
1.30%* 2400+%* psi  583psi**psi

* Values determined by experiments in the direction parallel to the bedding.
*+ Values determined by experiments in the direction normal to the bedding.

3. Elastic-Elastoplastic Solutions

Elastic-elastoplastic analyses of the direct shear problem were
limited to the boundary conditions L-2, L-3 and L-4; model M2 (see
Figure 2) was employed. Distribution of the major and minor princi-
pal stresses in the plastic state of the block, corresponding plastic
displacement fields and the progressive yield zones for tye above
boundary conditions were considered; as were assumption of both
linear (Colomb) and non-linear (Torre) yield criteria. The elastic and
strength properties used for the elastic-elastoplastic solutions are
given in Table 3.

Distribution of principal stresses: Nature of principal stresses
(i. e., either being tensile or compressive), in the plastic state of
the block, were found to depend primarily upon the boundary con-
ditions. Neither transverse isotropy nor non-linearity of the yield
functions employed showed any significant effect on the direction
and the nature of the principal stresses when compared with the
isotropic and linear analysis. Distribution of the principal stresses
in the plastic state of the block, under the boundary condition L4,
is shown in Figure 21. Location of the principal stresses in tension,
and their direction around the lower left-hand corner of the block
support the previous discussion on the mode of initial failure of the
shear block.
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Displacement fields: For the similar boundary conditions, nei-
ther, non-linearity of the failure criteria used, nor the transverse
isotopy assumed showed any significant effect on the nature of the
displacements. The differences between the boundary conditions
is primarily one of variations in slope of the displacement vectors
(Figures 22 and 23).

Development of plastic zones: The location of the zone of plas-
tic elements appears to be affected in large measure by the de-
velopment of tensile stresses; it is not extensively developed in
regions of large compressive stress. Both the point of initiation
and the direction of propagation of the plastic elements appears
to be in good agreement with the pint of initiation and the direc-
tion of propagation of (extensional) yielding. When applied edge
displacement is further increased, the progression of the plastic
zone continues along the base of the shear block still in the form of
(extensional) yielding (Figures 24 and 25). Plastic yielding occurs
along the upper boundary of the shear block seems to be the result
of tensile stresses which develop in that region due to the nature of
the applied boundary condition, L-4. These tensile stresses apear
to be perpendicular to the left-hand boundary of the shear block
where edge displacements are applied to the block. This is, howev-
er, physically and unrealistic situation; this type of failure probably
will not occur under actual test conditions.

TABLE 3
The Elastic and Strength Properties Used For Elastic-Elastoplastic
Solutions.
Transversely

Elastic properties: Isotropie Case Isotropic Case

E, 1.1X10°psi 1.1X10°psi

E, 1.1X 10°psi 0.58X10psi

v, 0.2 0.2

v, 0.2 0.1

G 0.46X10°psi 0.46X10°psi
Strength Properties:

CS, 9000 psi 10000 psi

CS, 9000 psi 7000 psi

TS, 300 psi 500 psi

TS, 300 psi 200 psi

SS 1400 psi 1400 psi
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SUMMARY

This paper presents a study of progressive shear deformation
which involved a computer experimentation employing elastic
continuum, discontinuum and elastic-elastoplastic finite element
method. Two basic computer shear block models were developed
for this purpose. Two-dimensional plane-strain idealization was
assumed. Eight different methods of loading the shear block mod-
el were considered. A discussion of failure mechanism, in terms of
progressive and multiple modes of failure, was introduced.

CONCLUSIONS

Results of the preceeding analyses led to the following general
conclusions: Choice of boundary conditions exerts an important
control on failure mechanism.

Tensile zones always developed within test block in response
to applied shear force are of mechanical importance : Local fail-
ure which occurs, in separation mode, in these tensile zones leads
to progressive failure. Under certain boundary conditions, the ulti-
mate failure of the test block is a consequence of multiple fracture
modes.

Mechanical behavior and strength of an 'in-situ’ shear block
can not be adequately explained solely in terms of some funda-
mental shear strength parameters only. Importance of rock mass
tensile strength which is generally very low, and pre-existing dis-
continuities, which offer little tesile resistance, should not be over-
looked in 'in-situ’ shear experiments, in asmuchas they extent im-
portant control on force-displacement relationship measured by
such tests.

'In-situ’ shear tests on geological materials should be interpret-
ed in more sophisticated terms, i.e., as a consequence of variable
stress states, involving inhomogeneous stress field, one or several
of principal stresses being tensile; extensive stress reorientation;
and multiple crack propagation.

Uniform edge-displacement boundary condition produces the
most consistent theoretical results; hence may be suggested as
a standard method of application of shear force to the test block
both in'in-situ’ and laboratory shear experiments.

Discontinuum solutions, utilizing discontinuous model; allow
prediction of localized failures and analysis of progressive nature
of failure mechanism. Elastic-elastoplastic solutions, on the other
hand, appear to be more suitable for analysis of progressive de-
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velopment of yield zones in areas around the points of high stress
concentrations.

OZET

'Yerinde' makaslama denemelerinde deformasyon ve yenilme
mekanizmasinin saptanmasi amaci ile yapilan bu ¢alismada, so-
run once teorik yonden ele alinmis ve tipik bir 'yerinde' makaslama
blokunun detayl bir kompiiter (matematiksel) modeli gelistirilmis-
tir. Bu model lizerinde, diizlem-deformasyon sartlar varsayilarak,
sonlu elementler metodu ile, degisik kenar ylikleme sartlari altinda
gerilim ve deformasyon analizleri yapiimistir.

Teorik analiz sonuglari, deformasyon modunun kenar yiikleme
sartlarina bagli oldugunu agik bir sekilde ortaya koymus olmasi ba-
kimindan ilgingtir. L-4 kenar yiikleme hali disinda, diger biitiin yiik-
leme sartlan altinda, makaslama blokunun ilk yenilmesi D1 siirek-
sizligi lizerinde, sol ugtaki ilk noktada, blokun tabandan ayrilmasi
(tansiyon yenilmesi) seklinde olusmaktadir. Uygulanan makasla-
ma yiikiintin siirekli olarak arttirilmasi halinde, blokun ilk yenilmesi
ile olusan tansiyon c¢atlagi blok tabani (D1 siireksizligi) boyunca
saga dogru ilerlemekte; blokun son yenilmesi ise, D1 siireksizligi
boyunca makaslama blokunun tabandan tamamen ayrilmasi sek-
linde olugmaktadir. D-4 kenar ylikleme sarti altinda, makaslama
blokunun ilk yenilmesi bu defa D3 siireksizliginin tist u¢ kisminda,
yine 'ayrilma’ (tansiyon yenilmesi) seklinde olugsmakta ve meydana
gelen tansiyon ¢atlagi D3 boyunca ilerlemektedir. Makaslama blo-
kunun D3 siireksizligi boyunca tamamen ayrilmis hali ve o andaki
dis deformasyonu Sekil 13 de gosterilmistir. Yenilmenin 'ilk evre’'
si olarak tanimlanan bu durumdan sonra, uygulanan makaslama
yukiiniin stirekli olarak arttirtiimasi halinde, yenilmenin 'ikinci ev-
re'si blok tabani boyunca, D1 siireksizliginin sol ucunda 'kayma’
(makaslama yenilmesi) seklinde olugsmakta ve sag uca dogru iler-
lemektedir. Bu sekilde olugsan makaslama ¢atlagi, D1 uzunlugunun
heniiz altida biri kadar ilerlemis iken, yenilmenin 'lG¢lincii evre' si
makaslama blokunun sag alt kdsesinde, D1 tizerinde yine bir 'kay-
ma' (makaslama yenilmesi) seklinde olusmaktadir. Sag koseden
geriye (sola) dogru ilerleyen bu makaslama gatlagi, blok tabaninin
orta kisminda, sol koseden saga dogru ilerlemekte olan 'ikinci evre'
catlagi ile birleserek deneme blokunun 'tim yenilme' sini olustur-
maktadir.

Gerilim analizlerinden elde edilen sonuglara gore, ¢ogunluk-
la, tansiyon gerilimi yogunlasmasi makaslama blokunun sol alt
kosesinde olugsmaktadir. Yenilmenin 'ilk evre' si sirasinda D3 bo-
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yunca olusan tansiyon c¢atlaginin agilmasi, makaslama blokunun
sol alt kdosesinde yogunlagsmis olan tansiyon gerilimlerinin bosal-
masina sebep olmaktadir. Bunun sonucu olarak da, blok igerisinde
yeniden bir gerilim dagilimi olusmakta ve bu da, D1 siireksizligi bo-
yunca, yenilmenin ikinci ve lglnci evreleri sirasinda olusan 'kay-
ma' seklindeki yenilmelere sebep olmaktadir. ikinci evre sirasin-
da makaslama blokunun sol alt kdsesinde olusan makaslama
¢atlaginin D1 boyunca ilerlemesinin gegici olarak durmasi veya
yavaglamasi; ve karsit kosede, yenilemenin Ugilincl evresinin
'kayma' (makaslama yenilmesi) seklinde olusmasi da yine, birin-
ci ve ikinci evreler sonunda, her defasinda yeniden olusan gerilim
dagiliminin makaslama blokunun sag alt kosesinde sebep oldugu
biylk makaslama gerilimi yogunlagmasinin bir sonucu olarak
aciklanabilir.

Bu analizler sirasinda, deneme bloku igerisinde ve siireksizlik
diizlemleri boyunca, tansiyon gatlaklar seklinde olusan lokal yenil-
melerin deneme blokunun son yenilmesi tizerinde, mekanik yonden
¢ok onemli bir rol oynadiklari saptanmistir. Bu nedenle, gerek 'ye-
rinde' gerek laboratuarda yapilacak makaslama denemelerinde,
kayaclarin ¢ok diisiik oldugu bilinen ¢ekme (tansiyon) dayanim-
larinin ve kayag yapisinda bulunabilecek siireksizlik diizlemlerinin
ozellikle dikkate alinmasi gerekir.
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NOMENCLATURE
The following defines the major symbols used in this text.
E Young's modulus
E. Young's modulus an the direction normal to the discon-
tinuity D1
E, Young's modulus in the direction parallel to the discon-
tinuity D1

Poisson's ratio
Poisson's ratio in the direction normal to the discontinu-

ity D1

v, Poisson's ratio in the direction parallel to the discontinu-
ity D1

G Independent elastic shear modulus

CF  Coefficient of friction
CS  Compressive strength

CS, Compressive strength in the direction normal to the dis-
continuity D1

CS Compressive strength in the direction parallel to the dis-
continuity D1

TS  Tensile strength
TS, Tensile strength in the direction normal to the disconti-

nuity D1

TS, Tensile strength in the direction parallel to the disconti-
nuity D1

SS  Shear strength

F, Total boundary force applied in x-directicn

F, Total boundary force applied in y-direction

F Total boundary force applied in x-y plane

U, Total edge displacement in x-direetion

U, Total edge displacement in y-direction

o Stress

o, Stress in x-direction

o, Stress in y-direction

T,  Shearstress

T .. Maximum shear stress

€ Strain

€ Strain in x-direction

g, Strain in y-direction

€ Shear strain

X
~<
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Figure 1. Finite element idealization of ‘in-situ’ shear block ‘model M, 1
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Figure 14. Three consecutive stages of failure of the shear block (Arrows
refer to direction of fracture propagation; P implies “progressive failure”; R
implies “retiogressive failure®; C is the point at which progressive and
retrogressive failure surfaces meet.
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ligure 17. Principal stress distribution associated with "Progressive and

"Retrogressive'™ failure series (Complete opening of D3)»



32 Kadri Er¢in Kasapoglu

= -
—4\ -
L 4 . % " : temasans ex
3 N e -—--- €,
~ =
EJ ~ . ,’ - ———— txy
= PN it i i) S
s 3 E
1x10° . -
hu
"\
=
J
. -
= L s Gy
L4 = ‘=
3 - T Oy
= : _______ TXY
- E —— T
1005, - -
- =
- =

Figure 18. Distribution of strains and stresses at the base of the shear block
after complete opening of DS.



A THEORETICAL ANALYSIS TO 'IN-SITU' SHEAR 33

<
]
)
&) 42
| :
.
o, =
o -
o o.. i1°
o
= o
@.. 1-
-
2 .
= o
® 7 o 1-
e
4 o
o
L I
o d o —
= £
e
(=]
<
- q ™ :
>
@ 1o 2
@ -l v
® 1
[-+]
[}
1
(@) 2y 4 o
- ~
NN =
o
l
e o o] -
L 1 i L 1 P A .
o o o o o
o o o o o
o o o (=] o
o - 3 o~ -
(‘sar) 4

Figure 19. Force-Displacement relationships for progressive failure: A, First
series; B, Second series of computer experiments.



34

Kadri Er¢in Kasapoglu

2000~ Z
;/
Ve
/s
7,
» e 7
1800 \OQ.//
oqe'. V4
L AN
\‘\a‘\ .
\) 7/
1660}~ eg‘@./
et Ve
DY . ©
O\“-
. R0
1400} ~<~""L/
LT
L
~ 200F
w)
a
» ]
w 1000}
w
[+°4
.
w 800 ¢~
rd
//
o 6001 P
< //
w s L
I - -
_ .
7% B o] o o?
400} S —-/tn“e\
-~ 7 ahn
- — enD
-~ L. “e
o~ —~\°
- RN
= - - g
200 // 2% %65‘
~ ’/ .‘Os\(’
v - .I\‘\“
= | L 1 i 1 1l
0 2C0 406G 600 800 1000 1200
NORMAL STRESS (psy)

Figure 20. “Predicted” and “Intrinsic” shear strength failure envelopes: A,

predicted on the basis of peak strength

retainment in “failed” region; B,

predicted on the basis of residual strengths for “failed” region.



A THEORETICAL ANALYSIS TO 'IN-SITU' SHEAR

1 f f 7/ #

f / 7} / 7

{ / 7 #

/ 7 / o
A

VS 7 r £ ’
lif s 2”2 .

~ >

//\/////// -

- - ; o
T /xxx,-r -

b o

t

\

N ’,«/’///////////)/x/x’x”/ e T
- - .v’///////////// 1///"’/;‘ -
/'///////.r‘ -

~N

/ & -~
N . “’// / //////// - -
rr. 7, g O
g ity F A PE o -

Pl R o
7, e

+ / A . - L
_ 4 ++ff ;Iﬂfﬂ * -
ot XX oo
.. X i K % .
. = 4+ s AN U NN
X X _{_J@\\ - .
\\\ <
3 s LSRN ~
\\\\\\ . .
\ N\ \ N N
VOV Y Ny s
\ \ s
& * "
a Vo NN
2 \ \ N 0y
o
-+ =2 \ v v
i \ \ ®
o
2 \ \ s
=
| | \ s 1
| ' t

. ~"////}///,;”/ e - B

35

Figure 21. Distribution of principal stress in the plastic stage of the
. H ¢ ' shear block. : g 4



Kadri Er¢in Kasapoglu

36

—

\\\\ll\\\\.
\\\\\\\\\\.\\ v
SR

B U

e

-,.” ll-l’llh.ul.]‘..\\l...\\\-\\ — \\.\\
———— —_— .
——————
——

>idoJajos] -a03u

€1

Plastic displacement field in the shear block.

Figure 22.



37

- p—
~ ~ ~ -~ — pos o o5 -
-~ ~ ~ -~ s s o -
-~ -~ ~ ~ ~ _— e — — -
~ N NN N NN N~ ~
~ o~ o~ S =
-~ ~ O~ /l/-/l/);\/tll./lli"]\‘..!\\\
. e — —
~ —
~ TR SRR \l.|\|\ -~
— e — —

N~ ————— . — 7
~ NN NN N NN e r

A THEORETICAL ANALYSIS TO 'IN-SITU' SHEAR

N ==
/‘//./T/.tl.,\.l/.l’qllilrlllﬂﬂilll\
RS S
N
//[//..l/:’/.ll’l.wll I
s e e e ]

e e T

-/I//T/y’]\’l.l

vy,

- Figure 23.- Plastic displacement field in the shear block.



38 Kadri Er¢in Kasapoglu

|

"
an

‘"

a

"
7]
l
]

Load Increment

1st

Figure 24. Progression of the plastic yleld zones in the shear block.



_ ORTA TOROSLAR'DA ALT PALEOZOYIK YASTA GALTEPE
KIREGTASI VE SEYDISEHIR FORMASYONUNUN STRATIGRAFISi
VE KONODONT FAUNASI HAKKINDA YENi BILGILER

New data on the stratigraphy and the conodont faunas of
Caltepe limestone and Seydisehir Formation Lower Paleozoic of
central taurus Range

Necdet Ozgiil ve ismet Gedik
M.T.A. Enstitiisii, Ankara — K.T.U. Yer Bilimleri, Trabzon

0Z. — Orta Toroslar'in kuzeybati kesiminde Seydisehir ilcesi (Konya)
dolayinda yiizeylenen Caltepe kirectas! (Alt-Orta Kambriyen) ve Seydi-
sehir Formasyonu (Ust Kambriyen-Alt Ordovisiyen) Hadim ilgcesi (Konya)
dolayinda da bir yapisal pencere igerisinde ylizeylemektedir. Caltepe ki-
regtasi’nin tabani Seydisehir bélgesinde goériilmemektedir. Hadim ilgesi
dolayinda ise G6ksu nehri vadisi boyunca bu birimin tabaninda koyu renk-
li seyiller devrik olarak ylizeylenmektedir. Dean ve Monod (1970) tarafin-
dan i¢inde Arenigiyen tribolitleri bulunmus olan Seydisehir Formasyonu-
nun Hadim, bélgesindeki ylizeylemesinde Hertzina bisulcata, Oneotodus
tenuis, Oneotodus gallatini, Acodus cambricus (Ust Kambriyen) Drepa-
nodus homocurvatus, Drepanodus planus (Alt Ordoviciyen) konodontlari
bulunmaktadir. Konodontlarin yanisira Acrotretid brachiopoda ve proble-
matik mikrofosiller gériilmiistiir.

Bu Alt Paleozoyik olugsuklari Hadim bélgesinde dogrudan dogruya Ust
Jura- Kretase kiregtaslariyla uyumsuz olarak ortiiliidiir. Alt Paleozoyik
Orta ve Dogu Toroslar'da, Giineydogu Anadolu'da ve Amanos daglarinda
stratigrafi ve kaya tiirii 6zellikleri agisindan ¢ok yakin benzerlik gésteren
kaya birimleriyle temsil edilmistir.

ABSTRACT. — Caltepe Limestone and Seydisehir Formation which
are known from Seydisehir area (Northern Central Taurus) crop out also
near Hadim, (Konya) through a tectonic fenster. In this latter locality dark
colored shales, unknown from Seydisehir area, form the basal part of the
sequence. The sequence ther is overturned and the shales are seen above
Caltepe Limestone along Géksu valley. Arenigian trilobites were found in
Seydisehir Formation in Seydigehir atea (Dean and Monod, 1970). The
same formation yielded Upper Cambrian (Hertzina bisulcata, Oneotodus
tenuis, Oneotodus gallatini, Acodus cambricus) and Lower Ordovician
(Drepanodus homocurvaltus, Drepanodus planus )conodonts and Acro-
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tretid brachiopoda in Hadim area where these Lower Paleozoic rocks are
directly and uncomformably overlain by Upper Jurassic-Cretaceous lime-
stones. Lower Paleozoic of Central and Eastern Taurus, of Southeastern
Anatolia and of Amanos mountains exhibit very similar stratigraphical
and lithological characteristics.

GIRIS
Orta Toroslar'in kuzeybati kesiminde Seydisehir (Konya) ilgesi
dolayinda Blumenthal (1947) tarafindan Seydisehir Sistleri adiyla
anilan olusuklar birgok arastiricilar tarafindan zaman zaman ince-
lenmis ve birimin yasina deggin, fosil kapsamina dayanmaksizin,
Devoniyan'den Triyas'a kadar c¢esitli goriigler one strilmiistir.

ilk olarak Monod (1967) tarafindan Seydisehir bélgesinde bu
olusuklar iginde Alt Ordovisiyen faunasi ve daha sonra Dean ve
Monod (1970) tarafindan birimin tabanindaki kiregtaginda Orta
Kambriyen trilobitleri bulunmustur. Dean ve Monod (1970) tarafin-
dan Seydisehir bolgesinde Caltepe Kirectas! (Alt-Orta Kambriyen).
Seydisehir Formasyonu (Arenigiyen) ve Sabova Formasyonu (Are-
nigiyen) olarak adlandiriimig olan olusuklardan ilk ikisi bu bdlgenin
yaklagik 100 km giineydogusunda yeralan Hadim ilgesi dolayinda
da yilizeylenmektedir (sekil 1).

Alt Paleozoyik'in en list birimini olusturan Sabova Formasyonu
muhtemel olarak Mesozoyik uyumsuzlugu nedeniyle Hadim bolge-
sinde goriilmemektedir.

Hadim bolgesinde ylizeyleyen Alt Paleozoyik olusuklari ilk ola-
rak Blumenthal (1944) tarafindan fark edilmis (Egiste seylleri) ve
birime fosil kapsamina dayanilmaksizin Devoniyen yasi verilmistir.
Daha sonra bélgede yazarlardan N. Ozgiil tarafindan yapilan saha
jeolojisi galismalari' sirasinda bu birim igerisinden alinan érnekler-
den yazarlardan i. Gedik tarafindan Ust Kambriyen ve Alt Ordovisi-
yen faunasi bulunmustur.

(") Orta Toroslar'in Hadim ilgesi dolayini kapsayan kuzey kesiminin jeoloji incele-
mesi yazarlardan N. Ozgiil tarafindan Prof. Dr. M. Akartuna denetiminde doktora
konusu olarak yiiriitiilmektedir. Bu inceleme sonuglar1 yakin bir gelecekte yayin-
lanacaktir.



STRATIGRAFI
Necdet Ozgiil

Orta Toroslarin inceleme alanini da igine alan kuzey kesiminde
stratigrafi ve yapisal 6zellikleriyle birbirinden ayrilan ve gesitli yas-
¢a kaya birimlerini kapsayan farkh yapisal birlikler yer almaktadir.
(Ozgiil, 1971). Bu incelemenin konusunu olusturan Alt Paleozoyik
kaya birimleri Ozgiil (1971) tarafindan Hadim Birligi olarak adlan-
dinlmis olan yapisal birligin bolgede ylizeyleyen en yasli birimlerini
olusturmaktadir.

inceleme alaninda Alt Paleozoyik, Alt-Orta (?) Kambriyen yasta
Caltepe Kirectasi ve Ust Kambriyen - Alt Ordovisiyen yasta Seydi-
sehir Formasyonu ile temsil edilmektedir. Alt Paleozoyik olusuklari
tizerine ayni birlige ait Ust Jura-Kretase yasta kirectaslari uyumsuz
olarak oturmaktadir; Ust Paleozoyik ve Alt Mesozoyik yasta kaya
birimleri bu birlik iginde yer almamaktadir. Hadim birligi bolgede
diger yabanci (alloctonous) birlikler tabaninda yapisal pencereler
icinde yiizeylemektedir (Ozgiil, 1971).

GALTEPE KiREGTASI

Formasyon adi Dean ve Monod (1970) tarafindan inceleme
alaninin yaklasik 100 km. kuzey batisinda Seydisehir ilgesinin 10
km. kuzeyinde Caltepe'den alinmistir. Ayni birim inceleme alaninda,
Hadim ilgesi kuzeyinde Bagbasi (Egiste) kdyiinde ve Goksu nehri
vadisinde yilizeylemektedir. Birimin Bagbasi kdylinde 6l¢lilmis ke-
sit yeri sekil 1de gosterilmistir. Birim baslica dolomitik kiregtasi ve
Ust seviyelerde seyil arakatkili yumrulu kiregtasindan olusmustur.
(Birimin kaya tilirii ve stratigrafi 6zellikleri sekil 2 deki dikme kesitte
verilmistir).

Formasyonun alt seviyesini olusturan beyazimtirak, kiilrengi
kiregtasinda fosil izine rastlanmamigtir; list seviyesini olusturan
alacali renkli yumrulu, seyl arakatkih kiregtasi bolca trilobit ve kii-
¢iik boy birakyopod kapsar, Orta Kambriyen'e ait oldugu diisiiniilen
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trilobitlerin kesin belgilemesi heniiz yapilamamistir. Ancak Seydi-
sehir bolgesinde Caltepe'de yiizeyleyen ayni birim icinde Dean ve
Monod (1970) tarafindan Orta Kambriyen trilobitleri bulunmustur.

Caltepe Kiregtasi'nin tabani Seydisehir bélgesindeki tipkesit ye-
rinde (Caltepe) birimin yiizlek ¢okellerle ortiilii olusu nedeniyle bi-
linmemektedir. Hadim ilgesinin 15 km kuzeyinde Bagbasi kdylinde
Ol¢ilmis kesit yerinde de devrik bir antiklinal gekirdegini olustu-
ran bu birimin tabani ylizeylememektedir. Ancak inceleme alaninin
dogu kesiminde Goksu vadisi ve yan kollari boyunca Caltepe Kireg-
tasi'nin seyiller arasinda 50 m kalinhkta bir seviye olusturdugu go-
rilmektedir. Ozelikle Hamzalar kéyiiniin 4 km giineyinde ve Hadim
Aladag bucagi karayolunun Goksu nehrini kestigi Sallankoprii'niin
3 km batisinda Catal Akkaya mevkilerinde bu durum acikga gordl-
mektedir. Ancak Caltepe Kiregtasi'nin Uist seviyesini olusturan ve
kilavuz tabaka niteliginde olan alacali renkli yumrulu kiregtagi sevi-
yesi (sekil 2) bu her iki ylizeylemede de birimin altina gelmektedir.
Yine bu her iki ylizeylemede Caltepe kiregtasi'nin listlinde gortilen
yaklasik 150 m kalinlikta koyu renkli seyiller istifin normal gorildii-
gu Caltepe (Seydisehir) ve Bagbasi (Hadim) mevkilerinde dlgiilmiis
kesit yerlerinde birimin Ustiinde gorilmemektedir. Bu nedenlerle
birimin bu ylizeylemelerde tiimiiyle ters donmiis oldugu, Uistte go-
rilen koyu renkli seyillerin ilksel konumunda Caltepe kiregtasi'nin
altinda bulundugu anlasilmaktadir. icinde herhangi bir fosil izine
rastlanmamig olan bu koyu renkli seyil birimi yiizeylemelerin elve-
rigsiz olusu nedeniyle formasyon derecesinde adlandirilamamistir.

Caltepe Kiregtagl Dogu Toroslar'da Tufanbeyli (Adana) dola-
yinda (Ozgiil ve dig., 1973.) Amanos daglarinda (Ketin, 1966; Atan,
1969) Adiyaman bélgesinde ve Glineydogu Anadoluda Derik (Mar-
din) dolayinda (Ketin, 1966) yiizeyleyen Alt?-Orta Kambriyen yasta
Kiregtaslariyla yakin kayatiirii ve stratigrafi benzerligi gostermek-
tedir.

Caltepe Kiregtasi'nin alt birimini olusturan kiilrengi, belirgin
tabakalanma gdstermeyen som kiregtasl durayh bir self ortami-
ni temsil etmektedir. Formasyonun (st birimini olusturan alacali
renkli, yumrulu, bol trilobitli ve seyil, kumtagi arakatkil kiregtasi si1g
ve azc¢ok duraysiz bir ortam kosullarini yansitmaktadir.
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SEYDISEHIR FORMASYONU

Blumenthal (1947) tarafindan Seydisehir bélgesinde Seydise-
hir Sistleri olarak adlandirilmis olan bu birim gok eskiden beri ge-
sitli arastiricilar tarafindan incelenmis ve birimin yasina deggin,
fosil kapsamina dayanilmaksizin, degisik goriigler 6ne siriilmis-
tir. Blumenthal (1947) tarafindan ileri siirlilen Devoniyen yasi bu
tahminlerin en isabetlisi olmustur. ilk olarak Monod (1967) tara-
findan Seydisehir bolgesinde bu birim iginde Ordovisiyen faunasi
bulunmus ve yine ayni bolgede Seydisehir Formasyonu adi altinda
birimin stratigrafisi ve Ordovisiyen faunasi Dean ve Monod (1970)
tarafindan ayrintili olarak incelenmistir.

Seydisehir Formasyonu inceleme alaninda Hadim ilgesinin 15
km. kuzeyinde Bagbasi koyl kuzeyinde Caltepe Kiregtasi'nin lize-
rine uyumlu olarak oturmaktadir. Bunun disinda adim ilgesinin 5-6
km. kuzeyinde Ust Jura kiregtaslarinin tabaninda biitoniyenler igin-
de ve Goksu vadisi boyunca yiizeylemektedir. Olgiilmiis kesit yeri
Bagbasi kdyliniin kuzeyindedir (Sekil 1).

Seydisehir bolgesinde formasyon iginde sadece Aranigiyen fa-
unasl bulunmus olmasina karsin (Dean ve Monod, 1970), Hadim
bolgesinde birimin tabanina yakin seviyesinde kiregtasi aratabaka-
larinda Ust Kambriyen konodontlari ve bu seviyenin 82 m. iistiinde
Alt Ordovisiyen konodontlari bulunmustur (Fosil kapsami ile ilgili
bilgiler bir sonraki boliimde verilmistir).

Seydisehir Formasyonu, Orta Toroslarin bati kesiminde Sultan
daginda (Haude, 1969 ; Desprairies ve Gutnic, 1970), gliney kesi-
minde Anamur-Silifke arasinda (Yalginlar, 1973) Dogu Toroslar'da
Tufanbeyli (Adana) dolayinda (Ozgiil ve dig. 1973), Amanos dag-
larinda (Ketin, 1966; Atan 1969) (Giineydogu Anadolu'da Pembeg-
li-Tut (Adiyaman) ve Derik (Mardin) dolayinda (Ketin, 1969) yiizey-
leyen Ust Kambriyen-Ordovisiyen yasta seyil-kumtasi birimleriyle
yakin kaya tiirli ve stratigrafi benzerligi gostermektedir.

Baslica seyil-kumtasi ardalanmasindan olusan Seydisehir For-
masyonu ¢ogunlukla kuvars vake tiiriinden kayalari kapsamaktadir
(Birimin kayatiirii ve stratigrafi 6zellikleri sekil 2 deki dikme kesit-
te verilmistir). Kayalar daima %10 dan fazla olacak sekilde degisik
oranda hamur (matrix) kapsar. Tanelerin %90 dan fazlasini kuvars,
pirimer mika pek az alkali feldispat ve %1-2 sini agir mineral olus-
turur. Biyotitin ve litik tanelerin yoklugu dikkati cekmektedir. (Or-
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neklerin mineraloji incelemesi Esen Arpat tarafindan yapilmistir).
Baslangigta kil olan hamur serisit, kilorit ve bazan kalsite doniis-
mistir. Tanelerin iyi boylanmis ve yuvarlanmis olusu mekanik
enerjinin etkili oldugunu buna karsilik hamur oraninin fazla olusu
(%10 dan fazla) ve tabaka altlarinda bolca akinti izlerinin (oygu ve
oluk izleri) bulunusu sualti kaymalari yoluyla ikinci yer degistirme-
nin, bulanti akintilari (turbidity currents) nin etkin oldugunu gos-
termektedir. Tanelerin homojen olusu ve litik tanelerin bulunmayisi
malzemenin magmatit veya metamorfitlerden tiiredigini ve kaynak
kayanin birikme ortamina yakin oldugunu diisiindirmektedir. Ku-
vars taneleri beslenme ve uzama gosterirler, bazi 6rneklerde pa-
ralel uzanma ¢ok gelismis serisit tanelerinin de ¢ok ileri yonelme
gostermeleriyle kaya serisit sist 6zelligini kazanmigtir. Formasyon
bulanti akintilarinin etkin oldugu duraysiz ve sig bir kita selfi kosul-
larini yansitmaktadir.

SONUG
1. Seydisehir bolgesinde yiizeyleyen Caltepe Kiregtasi ve Sey-
disehir Formasyonu Hadim ilgesi, kuzeyinde de bir yapisal pencere
icinde ylizeylemektedir.

2. Dean ve Monod (1970) tarafindan Arenigiyen yasta oldu-
gu belirtilen Seydisehir Formasyonu'nun alt seviyelerinde Hadim
bolgesinde Ust Kambriyen ve Alt Ordovisiyen fosilleri bulunmustur.
Buna gére formasyonun Ust Kambriyen'den Alt Ordovisiyen'e kadar
siirekli cokelme gosterdigi anlasiimaktadir.

3. Kambriyen ve Ordovisiyen gerek Toros kusagi boyunca ve
gerekse Giineydogu Anadolu ve Amanos daglarinda kayatirii ve
stratigrafi 6zellikleri agisindan birbiriyle cok yakin benzerlik goste-
ren ve si§ bir kita selfi kosullarim yansitan kaya birimleriyle temsil
edilmistir. Bu yakin benzerlik Toroslar'la Arap blokuna bagh bulu-
nan Giineydogu Anadolu’'nun Alt Paleozoyik siiresince birbirleriyle
yakin iligkili oldugunu ve birbirinden bagimsiz levhalar (Plate) ol-
madigini kanitlayici verilerden birisi olarak kabul edilebilir.
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SEYDiSEHiR FORMASYONUNUN FAUNASI
ismet Gedik

Hadim ilgesi kuzeyinde yiizeyleyen Seydisehir Formasyonu fau-
na bakimindan oldukga fakirdir. Konodontlardan yararlanarak bun-
larin yasglarinin tesbitine galisiimistir.

Levha 1 de goriilen konodontlar, Karadeniz Teknik Universitesi
Jeoloji Boliimiinde K.T.U. 1-23 numaralari altinda bulunmaktadir.

Bu arada cgaligmayi destekleyen Tiirkiye Bilimsel ve Teknik
Arastirma Kurumu’'na ve yardimlarini esirgemeyen M.T.A. Enstitii-
sline tesekkiirl bir borg bilirim.

Teknik Yontem — Konodontlar klastik bir seri olan Seydisehir
Formasyo- nunun kiregli ara tabakalarindan elde edilmistir. Orta-
lama olarak her numuneden 3 kg veya daha fazla kaya kismen for-
mik asit kismen ise asetik asitte eritilerek, ancak yeterli miktarda
malzeme elde edilebilmistir. Tabaka serisi diger fauna yoniinden
oldugu gibi, konodont bakimindan da fakirdir. Kilogram kaya ba-
sina ortalama 3 adet konodont elde edilmistir ki, oldukga steril bir
seriye isarettir.

Asit kalintilar oldukga ¢ok oldugundan, bromoform ile bir kon-
santre elde etme yoniine gidilmistir. Bu nedenle bazi fauna eleman-
larinin gézden kagmis olmasi, 6zellikle Kambriyen konodontlariigin
muhtemeldir.

Fotograflar binokiiler mikroskop altinda ve dogal hallerinde ge-
kilmis olup, herhangi bir rotus yapilmamistir. Genel olarak Kambri-
yen konodontlari sarimtirak-yesilimsi bir renkte, Ordovisiyen'deki-
ler ise kehribar renklidirler. Bu durum degisik fosfat yiizdesi ile ilgili
olabilir.

Sistematik
CINS ACODUS PANDER 1856
Acodus cambricus Nogami 1967
Levha 1, Fig. 11
Tanimlama: Asimetrik, taban kismi uzunlugunun tUm__yUksein-
gine orani yaklasik olarak 1:2, oldukga yassi goriinislii. On tarafta
hafif kavisli bir ylizey mevcut, arka taraf ise keskin kenarli. Bir yan

ylizey diiz iken, digeri lizerinde iki belirgin karine var. Taban ¢ukur-
lugu ¢ok derin, hemen hemen uca kadar uzaniyor.
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Dikey ve yatay dagiimi — Ust Kambriyen; Kuzey-dogu Gin.
Malzeme: 2 adet, Nimune no: EG-27.

Acodus tetrahedron Lindstrom, 1955
Lev. |, Fig, 5

Tanimlama: Asimetrik; ana dis kendi ekseni etrafinda biraz bur-
kulmus, 6n kenara yakin, taban kisminda keskin bir karina mevcut;
taban gukurlugu alttan bakista liggenimsi goriiniisli, ug kisma ya-
kin enine kesit uzunca oval. On ve arka kenar keskin. Taban ¢ukur-
lugu genis, fakat derin degil, derinlik = 2/3 taban kisim uzunlugu.

Yatay ve dikey dagilimi: Tremadosiyen, Kuzey Avrupa.
Malzeme: 11 adet. Nimune no: EF-12.

CINS DISTACODUS HINDE, 1879

Distacodus sp.
Lev. 1, Fig. 13, 23

Tanimlama: Subsimetrik, on taraf yuvarlakca, arka taraf keskin
kenarli; her iki yan yilizeyde de birer karina var, bunlardan biri he-
men hemen ortaya yakinken, digeri biraz daha 6n tarafa yakin. Ta-
ban gukurlugu bitlin Gnitenin igini kapsar durumda.

Malzeme: 6 adet, nimune no: EG-26.
CINS DREPANODUS PANDER, 1856

Drepanodus homocurvatus Lindstrom, 1955
Lev. 1, Fig. 19

Tanimlama: Hemen hemen simetrik bir konodont. Arkaya dogru
oldukcga kivrik; 6n ve arka kenarlar keskin olup oval bir kesiti var.
Taban gukurlugu derin degil.

Yatay ve dikey dagilimi: Alt Ordovisiyen, Kuzey Avrupa, Amerika.
Malzeme: 4 adet, niimune no: EF-12.
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Drepamodus Planus Lindstréom, 1955
Lev. 1,Fig. 14,18

Tanimlama: Subsimetrik, 6n ve arka kenarlar keskin, oldukca
yassi, enine kesiti uzun-oval taban kismi ile 6n kenar arasinda yak-
lasik olarak 70° lik bir agi var. Taban gukurlugu derin degil, konkav
tarafinda (ig) kenari biraz disa gikik.

Yatay ve dikey dagilim: Alt Ordovisiyen, Kuzey Avrupa.
Malzeme: 15 adet, niimune no: EF-12.

CiNS FURNISHINA MULLER, 1959

Furnishina off. furnishi Miiller, 1959
Lev. 1, Fig, 16,17

Tanimlama: Simetrik bir konodont. On taraf genis, hafif kavisli
bir ylizey; arka taraf keskin kenarli. Enine kesit taban kisminda {ig-
genimsi, u¢ kismina yaklastik¢a yuvarlaklasiyor. Taban gukurlugu
¢ok derin.

Yatay ve dikey dagilim: F. furnishi Kuzey Amerika, Avrupa ve
Dogu Asya Ust Kambriyen'inden bilinmektedir.

ilgi: Holotipinden farki biraz daha ince uzun olmasidir.
Malzeme: 6 adet, niimune no: EG-C, EG-27, EG-28.

Furnishina sp.
Lev. 1, Fig. 3

Tanimlama: Simetrik, on taraf diiz yiizeyli, arka taraf keskin ke-
narli. Cok yassi gorliniisl, taban gukurlugu ¢ok derin.

Malzeme: 6 adet, nimune no: EG-26.
CINS HERTZIN A MULLER, 1959

Hertzina bisulcata Miiller, 1959
Lev. 1, Fig. 8
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Tanimlama: Simetrik bir konodont; arka tarafi diiz yiizeyli, 6n
tarafi biraz yuvarlakga. Enine kesiti, yan yiizeylerdeki oyukluklar
nedeniyle bogumlu-ddrtgenimsi. Taban ¢ukurlugu ¢ok derin.

Yatay ve dikey dagilimi: Kuzey Amerika'da Orta Kambriyende,
Kuzey Avrupa ve Dogu Asya'da ise Orta ve Ust Kambriyen'in en al-
tinda (Agnostus pisiformis Zonunda) goriilmektedir.

Malzeme: 2 adet, niimune no: EG-A.
CINS ONEOTODUS LINDSTROM, 1955
Oneotodus gallatini Miiller, 1959
Lev. 1,Fig. 1,20

Tanimlama: Hemen hemen simetrik, oldukca kisa konik, enine
kesit taban kisminda oval, tepeye dogru daire seklinde. Taban gu-
kurlugu ¢ok derin.

Yatay ve dikey dagilimi: — Ust Kambriyen, Kuzey Amerika, Av-
rupa ve Dogu Asya. Malzeme: 9 adet, EG-27 numarali niimuneden.

Oneotodus tenuis Miiller, 1959
Lev. 1,Fig. 2,10,12

Tanimlama: ince-uzun simetrik bir konodont. Arka taraf keskin
kenarl, on taraf yuvarlakga, 6zellikle tabana yakin kisimlarda. Eni-
ne kesit taban kisminda liggenimsi oval veya oval, u¢ kisminda ise
daire seklinde. Taban gukurlugu ¢ok derin.

Dagilim: Kuzey Amerika, Avrupa ve Dogu Asya Ust Kambri-
yen'inde. Malzeme: 17 adet, niimune no: EG-27, EG-28.

CINS 0ISTODUS PANDER, 1856
Oistodus minutus Miiller, 1969
Lev. 1, Fig. 16.

Tanimlama: Asimetrik, on ve arka keskin kenarli. Enine kesi-
ti uzun-oval; taban gukurlugu derin degil ve kenari i¢ tarafta biraz
disa ¢ikintili.

Yatay ve dikey dagilimi: Kuzey Amerika'da Ust Kambriyen - Alt
Ordovisiyen gegis tabakalarinda bilinmektedir (Saukia zonu).
Malzeme: 3 adet, niimune no: EF-12.
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CiINS PROCONODONTUS MILLER, 1969
Proconodontus aff. carinatus Miller, 1969
Lev. 1, Fig. 15

Tanimlama: Asimetrik bir konodont. Ana dis hem arkaya, hem
de yan tarafa dogru kivrik. On kenar taban kismi ile yaklasik 60° lik
bir agi yapiyor.. i¢ tarafta (konkav) bir karina bulunur. Enine kesit
Ucgenimsi. Taban gukurlugu derin olmaktan ziyade genis.

ilgi: Holotipinden farki, taban gukurlugunun daha az derin ol-
masidir ki, bu da bu tiiriin daha genc olabilecegine isarettir. P. cari-
natus Kuzey Amerika'da Saukia Zonundan bilinmektedir.

Malzeme: 20 adet, nimune no: EF-12.

Proconodontus Miilleri Miller, 1969
Lev. 1,Fig. 6

Tanimlama: Simetrik, alt kisimlari hafif kivrik, ug tarafi ise bazen
sigmoidal olabilir. On ve arka kenarlar keskin; enine kesit oval. Ta-
ban gukurlugu gok derin, uca kadar ulagabilir.

Yatay ve dikey dagihimi: Kuzey Amerika Ust Kambriyen-Alt Or-
dovisi- yen'inden bilinmektedir.

Malzeme: 6 adet, EG-25 nolu niimuneden.

CINS SCOLOPODUS BANDER, 1856
Scolopodus sp.
Lev. 1,Fig. 9
Tanimlama: Subsimetrik, Taban kismi ile ana dis birlesme bolge-
si oldukga keskin bir sekilde kivrik. Taban gukurlugu derin degil.
Enine kesit daire seklinde veya oval. Taban kismi yiizeyi hafif ve
ince c¢izgili.
Malzeme: 1 adet EF-12 nolu niimuneden,
CINS WESTERGAARDODINA MULLER, 1959
Westergaardodina sp.
Lev. 1, Fig. 4
Tanimlama: Glaukonili bir i¢ dolgu olmasi muhtemel olan bu bir

tek niisha EG-27 nolu niimuneden elde edilmistir. Kavki malzemesi
goriilmediginden kesin bir yargi yapilamamistir.
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SONUG

En yash fauna elemani olarak Hertzina bisulcata'yi gérmekte-
yiz. Bu tiir simdiye kadar Orta Kambriyen, ve Ust Kambriyenin en alt
zonundan (Agnostus pisiformis Zonu) bilinmektedir.

Daha sonra Oneotodus tenuis Furnishina aff. furnishi, Oneoto-
dus gallatini, Acodus cambricus gibi biitiin Ust Kambriyen siiresin-
ce gorilen konodontlar bulunmaktadirlar. Proconodontus miilleri,
proconodontus aff, carinatus, Oistodus minutus ise Ust Kambri-
yen-Alt Ordovisiyen gegis tabakalarinda bulunup, Kambriyen fau-
nasi ile Ordovisiyen faunasi arasinda bir gegis teskil etmektedirler.
Drepanodus homocurvatus, Drepanodus planus, Acodus tetrahed-
ron ise Alt Ordovisiyen yasina isaret etmektedirler.

Makrofauna yoksunlugu nedeniyle bir korrelasyon yapmak:
mimkiin olmamistir.

Yayina verildigi tarih: 9.5.1973

Levha 1

Fig, 1, 20 : Oneotodus gallatini Miiller, 1959. Yandan goriiniisleri. Niimu-
ne no: EG-27.

2,10, 12 : Oneotodus tenuis Miiller, 1959, 2 ve 12 EG-27 nolu, 10 ise EG-
28 nolu numuneden.

3a, b : Furnishina sp., numune no:, EG-26.
4 : Westergaardodina? sp,, nimune no: EG- 27.

5 : Acodus tetrahedron lindstrom, 1955, yan alttan karinal tarafin gorii-
nigt. Nimune no: EF-12.

6 : Proconodontus milleri milleri Miller, 1969, NiUmune no: EG-25.

7,16, 17 : Purnishina aff, furnishi Mller, 1959; 7 EG-28, 16 EG-27, 17
EG-C nolu nimunelerden.

8 : Hertzina bisulcata Miiller, 1959, EG-A niimunesinden.
9 : Scolopodus sp., EF-12 nolu niimuneden.

11 : Acodus cambricus Nogami, 1967, karinali ylizeyin goriinlisi. EG-27
nolu numuneden.

13, 23 : Distacodus sp., Eg-27 nolu niimuneden.

14, 18 : Drepanodus planus Lindstréom, 1955, EF-12 nolu niimuneden.
15 : Proconodontus aff. carinatus Miller, 1969, EF-12 den,

19 : Drepanodus homocurvatus Lindstrém, 1955, EF-12 den.

21, 22 : Oistodus minutus Miller, 1969, 21 Tipik bir 6rnek. EF-12 nolu
niimuneden.
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THE PHOTOGEOLOGICAL CHARACTERISTICS
OF CARBONIFEROUS LIMESTONE IN BRITAIN

ingiltere'deki Karbonifer Kiregtagr'nin Foto jeolojik 6zellikleri

Ozcan Ozmumcu
Tirkiye Petrolleri A. O., Ankara

ABSTRACT: Some relations between the photographic appearance
and the physical characteristics of the Carboniferous Limestone were
found, and consequently a better understanding could be obtained in a
limestone terrain.

0Z: Bu calisma ile Karbonifer Kiregtaglarinin fiziksel 6zellikleri ile hava
fotograflarindaki goriiniigleri arasinda bazi iliskiler bulunmus ve bu sekil-
de, bir kiregtasi arazisinin daha iyi anlagilmasi olanagi saglanmigtir.

INTRODUCTION

The lower part of Carboniferous system is made up almost en-
tirely of limestone which is the subject of the present investigation.

The Carboniferous limestone occupies considerable areas
throughout the country. AlImost 2/3 of all limestone outcrops are
of Carboniferous age. The areas chosen for this investigation have
shown that a lot of information can be obtained through the study
of their air photographs.

This paper reports an attempt to learn more about photogeo-
logical characteristics of Carboniferous Limestone in Britain.

PREVIOUS WORK
So far, no specific investigation carried out in this field has ap-
peard except for the doctorate thesis of Norman (1968).

Although the thesis "describes am investigation of the geologi-
cal causes and influences affecting the existance of linear features
seen on air photographts of areas where the bedrock is obscured
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by superficial deposits”, some parts of the investigation were
made in the area of Carboniferous limestone.

The following year, Norman and Waltham (1969) described "the
air photograph appearance of karst features with emphasis on
those related to underground openings in Northern England”. This
is the first and only published paper dealing with the Carboniferous
Limestone.

In the same year, photographs of areas covered by boulder clay
were attached to the paper of Norman (1969). In the explanations
of these photographs, the interpretation of some buried linear fea-
tures of Carboniferous Limestones were described.

METHODS AND PROCEDURES

A large part of the British Isles are covered by extensive glacial
deposits and this superficial cover tends to mask the geology un-
derneath. To avoid misinterpretation, the most representative areas
not covered by the glacial drift were selected. From these suitable
localities for photo interpretation, the areas where Carboniferous
Limestone is fully developed were chosen.

The Carboniferous Limestone exposures along the coasts of
Gower, Pembrokeshire and Anglesey were chosen in addition to
the outcrops in the Mendip Hills (Bristol district), Pennines (Derby-
shire), and Ingleborough (Yorkshire).

The method of investigation was divided into three stages.

(i) The photographs were examined under a Bulger and Watts
SB 180 mirror stereoscope and the interpretations on the
prints were annotated when using stereovision.

(i) The annotated information was correlated with the field
work, or geological maps, or with both.
(iii) The data collected from the field work, air photographs and
geological literature were used for analysis.
The main source of information was the publications of the Ge-
ological Survey of Great Britain.

The air photographs used in this investigation were taken by
the Royal Air Force.
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TONAL CHARACTERISTICS

The tonal relations of a geological unit hold only locally, and
even on successive photographs the same object may appear in
variable tones. Therefore it is not possible to give rules for the iden-
tification of ground features by tone alone, but as far as conven-
tional black and white (panchromatic) photographs are concerned
in present investigation, the photographic tone may act as a valua-
ble contribution in recognition and interpretation of Carboniferous
Limestone on air photographs.

The study of photographic tones in the Carboniferous Lime-
stone areas showed that,—

(i) The light grey tone is common for the exposed limestone
rock similar to any limestone terrain in humid areas.

(ii) In those parts of the study areas covered with considerable
soil, the photographic tones are rather dark grey.

(iii) The presence of shales and cherts also changes the overall
tone from light to dark and mottled. The reef limestones show ir-
regular light and dark grey tones, while the black Mmestones reveal
rather white to near white photographic tone.

(iv) The light tone is also broken by the occurrences of dark
spots or patches which mark the sinkholes.

THE RELIEF OF CARBONIFEROUS LIMESTONE AREAS

The general appearance of the Carboniferous Limestone on air
photographs may be said to be representative of the scenery de-
veloped on similar limestones in other parts of the world. In the
case of Britain, the extensive development of limestone features
occurred when the rocks ware part of a humid region.

Since the landsforms in limestone areas result from regional
variations of climate and vegetation, in addition to the physical
properties of the limestones themselves, the degree of denuda-
tion of Carboniferous limestone is quite extensive and produces an
area of subdued topography rather than a bold relief.

Karstic features can be seen in almost every Carboniferous
limestone district with or without overburden. Consequently, col-
lapse structures are common and can be seen in most areas.

In the areas of bare rock surfaces, the nature of the Carbon-
iferous Limestone is typified by the appearance of the extensive
development of fracturing.



56 Ozcan Ozmumcu

In a number of areas, the Carbiniferous limestone is masked by
sperficial cover and the rock surfaces cannot be seen. However, it
forms an upland area with a broad belt of rounded hills, cut steeply
sided valleys.

The numerous lead-zinc mining excavations are also typical for
many Carboniferous Limestone landscapes, and show as a num-
ber of lodes pitted by minors.

LITHOLOGICAL CHARACTERISTICS

The Carboniferous Limestone includes beds of varied charac-
ter ranging from massive limestone and alternations of limestones,
sandstones and shales to dolomites and dolomitic limestones and
reef limestones. However, it is generally known as a massive or
thickly bedded limestone giving rise to varied landscape. The shale
bands, calcite-mudstone lenses and minor cherts occur frequently
in several horizons, but they are always subordinate in extent to the
limestone and tend to be impersistent laterally.

Different limestones exhibit differing expressions on air photo-
graphs as they hava various characteristics. Some specific criteria
for recognition of various limestones or the changes facies within
the litho-stratigraphic unit can be detected.

The studies of lithologie variations in the Carboniferous Lime-
stone on the air photographs showed that,— .

(i) The current subdivisions of the Carboniferous limestone are
not always suitable for a photographic interpretation study, since
this classification is based on mainly faunal zones and since there
is no marked boundary between the divisions as differentiated in
faunal classification (Ozmumcu, 1971).

(ii) Instead, recognition features have been found for various
types of Carboniferous Limestone. However, these features are lo-
cal in application and should not be accepted as a general guide
for all areas.

(iii) The masking effect of superficial cover on the Carbonifer-
ous Limestone outcrops made the interpretation difficult on many
photographs, but in areas covered with only a thin soil, the recog-
nition of units was quite easy.

(iv) Attempts to find a relationship between the vegetation over
the Carboniferous Limestone areas and the lithology were made,
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but no reliable recignition features were found to detect the litholo-
gies by means of the plant community alone on the panchromatic
photography available.

BOUNDARY CHARACTERISTICS

In the stratigraphic column, the Carboniferous Limestone rests
on a set of sandstone and shale beds (Old Red Sandstone)' and
overlain by another sandstone with shale intercalations (Millstone
Grit)1. However, this is not always the same in every exposures of
Carboniferous Limestone.

In many areas studies, the Carboniferous Limestone is con-
formably succeed by Devonian of Old Red Sandstone fades as
seen in the south-west. Elsewhere i.e. in the north of England, and
in North Wales (Anglesey) the Old Red Sandstone is absent, and an
angular unconformity is found on a evenly eroded surface of older
rocks, e.g. Ordovician, Silurian and Pre-Cambrian rocks (Ingletoni-
an Series, Mona Complex).

The Millstone Grit —Namurian in age— rests unconformably on
some Carboniferous Limestone outcrops studied in the southwest
and in Derbyshire. But in the northern Pennines (particularly at In-
gleborough), it succeeds the Yoredale facies formed by intercala-
tions of limestones, shales and sandstones (cyclic sedimentation).
The Carboniferous limestone emerges beneath a covering of Trias-
sic strata (Keuper Marls) to form the Mendips.

The Carboniferous Limestone landscapes could be easily dis-
tinguished from other terrains and the boundary could be detected
quite accurately. As far as boundary characteristics are concerned,
the study of photographs revealed that,—

(i) The boundaries with the sedimentary rocks, e.g. Ordovician
shales, Old Red Sandstone, Millstone Grit and Keuper Marl, showed
no transitional zone, but were linear instead, although Liang, et al.
(1951) described the presence of a transitional zone.. It is believed
that the lack of well exposed surfaces of Carboniferous Limestone
is responsibe for this statement.

(1) The term "Old Red Sandstone" has frequently been used in a stratigraphic
sense. It is essentially a descriptive term while much of the succession is not red
nor is it entirely sandstone. The term "Millstone Grit" refers to rocks of deltaic fa-
cies, forming coarse sandstones (grits) interbedded with marine shales (Bennison
and Wright, 1969).



58 Ozcan Ozmumcu

(ii) The boundaries with the metamorphics, e.g. Mona Complex
and Ingletonian Series, were almost the same, i.e. linear.

However, the adjacent rocks could be differentiated by their
own pronounced photographic characteristics controlled mostly
by differential erosion and lithological constituents.

(iii) The dolerites which are applied to fresh basaltic rocks are
confined to the main body of the Carboniferous limestone at some
localities. Although the doleiites have caused thermal alteration to
the Carboniferous Limestone at the contacts, it has not been de-
tected on the phoographs studied because of the small outcrops
and the thick soil cover.

FRACTURE TRACE CHARACTERISTICS

The study of fracture traces has been focused mainly on two
types of characteristics, qualitative information (manifestations of
fractures) and quantitative statistics (orientations, frekuencies and
densities of fractures) rather than on their causes.

The term "trace” needs to be explained as it is widely used
throughout the present work. By fracture is meant a break in the
rocks. This must be observed on bara rock surfaces. The actual
fractures, in fact, may not be seen in covered terrain. On the photo-
graphs of these areas, the linear features seen are only the surface
expressions or traces of tba hidden fractures. From this point of
view, he erm "fracture race” is used here to refer to the photo-man-
ifestation of joints and faults.

Fracture trace analysis on Carboniferous Limestone areas
showed that, —

(i) According to the comparison of the drainage air photo frac-
ture trace maps, the fracturing in the Carboniferous Limestone
area (northern part of the Derbyshire dome) commonly controls
the drainage.

(ii) The fracture patterns in every individual bed or horizon of
Carboniferous limestone exhibit different patterns from that in the
bed above or below, and easily seen on bare rock surfaces of the
area (the Ingleborough district).

The following factors may be responsible for the variations in
the pattern of fractures, (a) the thickness of individual beds, (b) the
grain size and texture of the limestones, (c) the stress involved dur-
ing folding and faulting.
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(iii) A more detailed study was carried out on the fracture traces
displayed in the Ingleborough (Fig. 1) in order to analysis the frac-
ture pattern on the Great Scar Limestone' and the adjacent areas,
the overlying Yoredale series and underlying Ingletonian series.
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Fig. 1. Fracture trace map of a part of the Ingleborough district.

The emphasis was placed upon the fractures which have been in-
terpreted on the photographs without stereoscopic examination.
The lengths of individual fractures were measured in metres. The
directions of the fractures were plotted in 10-degree sectors. From
these measurements histograms and rose diagrams were con-
structed (Fig. 2, 3).

(1) The Carboniferous Limestone is called locally as the Great Scar Limestone dn
the northern England.
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Fig. 2. Histogram of fracture trace length frequency distribution.
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The average length of fractures is slightly greater in the Car-
boniferous limestone (Great Scar Limestone) than in the adjacent
Yoredale series (limestone, sandstone and shale intercalations)
and the Ingletonian slates and grits. Because the Great Scar Lime-
stone is made up essentially of thick bedded limestones with thin
shale bands and the competency of limestone appears to give
much more pronounced fractures and longer lengths than the oth-
er two rocks. The secondary cause is the masking effects of alluvi-
um and drift over the two rocks.

(iv) In addition to the above mentioned causes, the differences
in orientation, fraquency and length of fractures in the Carbonifer-
ous Limestone displayed on the flanks of the Black Down pericline
(at the Mendip Hills) are due to the size of the outcrop, the dip of
the beds and the differenie in magnitude of stress in the flanks.

DRAINAGE CHARACTERISTICS

The drainage pattern is the most consistently reliable indicator
of limestones because of the general absence of large scale sur-
face drainage, except where they are covered by impermeable soil.

The study of the drainage patterns on the photographs of the
Carboniferous Limestone and adjacent shales (the Edale Shale in
Derbyshire) revealed that the change of the drainage pattern coin-
cides with the change of lithology.

The drainage patterns in each unit are quite distinct. The drain-
age pattern in the shale area is rather centripetal. The first order
tributaries join the second order tributaries at acute angles and a
group of tributaries converge to a common point. The density and
frequency of drainage is great when compared with the limestone
area. On the other hand, the drainage pattern in the limestone is
subdendritic or angular.

Valley shapes were also indicative to some extent in reflecting
the lithologies within the Carboniferous Limestone. The change in
facies from massive limestone to limestones with breccia beds or
calcite-mudstone lenses and bands, was locally reflected in the
valley cross sections.

The valleys have been observed in a careful inspection of the
photographs of Derbyshire. The common U shape has been con-
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verted into a deep U's with narrow bottoms. The smooth edges of
the valleys have also been modified into sharp edges and corners.
It is thought that this must be due to the presence of the individual
breccia beds within the Carboniferous Limestone. Similarly mas-
sive limestones, fine grained with a characteristic vertical jointing,
produced valleys having a cross sectional shape of a symmetric
U with nearly vertical sides. The thin bedded limestones with cal-
cite-mudstones in thick lenses and bands, formed valleys having
an assymetric U cross section with inclined sides.

SUPERFICIAL COVER

The superficial cover over the Carboniferous Limestone expo-
sures has usually redused the information that can be obtained
from the photographs.

This was quite serious in some areas covered with an extensive
transported soil, e.g. glacial drift, blown sand. No reliable indicator
could be found as the mantle carried no lithologie identification re-
lated to the Carboniferous Limestone.

This is not the same for the residual soil as it reflects to some
extent the lithology underneath, e.g. medium to dark grey tone is
usual for the Carboniferous Limestone areas.

CONCLUSIONS

1. Differing in grey tones was one of the identification clues in
differentiating the limestones in different colours or constituent.

2. The photographs could give o clear impression of the lime-
stone terrain by a characteristic subdued topography occupying
relatively higher relief with extensive development of fracturing, but
some limestone units exhibited different relief indications.

3. Some recognition features were found for various lithologies
within the limestones adequately reflected on the photographs.

4. The boundaries with the adjacent rocks could be differenti-
ated being linear.

5. Although some bare rock surfaces exhibited differing frac-
ture patterns, the fracture trace analysis revealed that the Carbon-
iferous Limestone has a fracture pattern not similar to other rocks
nearby and one to another flank of a structure.
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6. Apart from the lack of large scale surf ace drainage in the
limestones, drainage patterns and the valley shapes were also in-
dicative of limestone terrain and variations in lithologies within the
limestones could be differentiated.

7 The superficial cover, especially the transported soil which
carries no identification related to the limestones, usually reduced
amount of information that could foe obtained from the photo-
graphs, but in the areas covered by residual soil the observations
of limestones were quite satisfactory in the soil derived from the
Carboniferous Limestone.
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OZET

ingiltere’de Karbonifer Kirectaslari ile kapl alanlarda yapilmis
olan bir arastirmadan bazi kisimlara yer verilmistir.

ingiltere ve kuzeybati Avrupa'daki Karbonifer, Alt ve Ust Karbo-
nifer seklinde iki kisma ayrilmistir. Alt Karbonifer hemen tamamen
kirectaslarindan olugsmustur.

ingiltere'de Karbonifer Kirectaslar stratigrafik siralamada De-
vonien kumtaslar ve seylleri tizerine konkordandir ve Namurien
yash bir diger kumtasi ve seyl nébetlesmesi ile ortiilmiistiir. Cok
yerde ise bu kiregtaslari Pre-Kambrien metamorfik karmasigi tize-
rine acgisal bir diskordansla gelir. Ayrica, Trias marnlari altinda go-
rildigu yerler de vardir.

Sunulan ¢alismanin amaci, Karbonifer Kiregtaslarinin yiizey se-
killerini hava fotograflari Gizerinde inceleyip arastirmak ve bu sekil-
de adi gecen kayalarin fotografik goriinusleri ile fiziksel 6zellikleri
arasinda iligkileri bulup ¢ikarmaktir.

Kiregtaslarinin aflre ettigi alanlardaki hava fotograflar ayna-
I stereoskop altinda incelenmis ve degerlendirmeler, siyah-beyaz
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fotograf kagitlari Gizerine isaretlenmistir. Bulgular, arazi galismalari
ve jeoloji yayinlari ile karsilagirilarak kontrol ve analiz edilmistir.

Karbonifer Kiregtaslar, masif kiregtaslarindan, ince tabakal
kumtasi ve seyl nobetlesmeli kiregtaslarina, dolomitlere, dolomi-
tik ve resifal kiregtaslarina, yer yer ¢cort ve camurtasi merceklerinin
varligina kadar degisen 6zelliklerdeki tabakalardan olugsmustur.

Bu ozellikleri kapsayan kirectaslarinin réliyefi, fotograflar tize-
rinde gosterdigi renk tonlari, degisik litolojileri, komsu kayalarla
olan sinir iligkileri incelenmis, eklem ve fay gibi kirik izleri ve drenaj
analizleri yapilmistir.

Fotograflarda gri renk tonlarindaki degisimler, gesitli renk ve bi-
lesimdeki kiregtaslarinin birbirlerinden ayirt edilmelerinde tanima
emareleri olmustur. Etlid edilen bu nemli iklimli bélgede kiregtaslari
yiiksek roliyefler teskil etmis, karakteristik yayvan bir topografya
gostermistir. Karbonifer Kiregtaglarinin tali siniflanmasi belirli fa-
una zonlarina gore yapilmis oldugundan ve bu boliimler arasinda
de belirgen sinirlar bulunmadigindan, topografik degerlendirme-
de gegerli olmamistir. Bunun yerine degisik tiplerdeki kiregtaslar
icin tanima emareleri bulunmustur. Komsu kayalarla olan sinirla-
r gizgiseldir. Tekst kitaplarinda s6z edildigi sekilde bir gegis zonu
gorilmemistir. Kiregtaslari tizerindeki kirik izlerinin analizi gos-
termistir ki; kirik ornegi yakindaki diger kaya birimlerine uymadigi
gibi, bir yapinin diger kanadina da benzememistir. Biiylik gapta bir
yiizey drenaji olmamasinin 6tesinde, drenaj érnekleri ve vadi sekil-
leri kiregtaslarini tanittigi gibi, litoloji farklarini da ayirt ettirmistir.
Karbonifer Kiregtaslari bircok alanlarda yaygin buzul tortullari ile
kaplanmigtir. Bu tasinmis ortii, fotograflardan elde edilecek bilgileri
azaltmis, yerli toprakla ortiili alanlardaki gozlemler ise daha basa-
rili olmustur.

Yayina verildigi tarih: 7.5.1973
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DESCRIPTION OF A NEW CUVILLIERINA SPECIES FROM THE
MAESTRICHTIAN OF CIDE (NORTHERN TURKEY)

Cide Maestrichtian'nindaki Yeni Cuvillierina Tiiriiniin Tarifi

Erciiment Sirel
Mineral Research and Exploration Institute
of Turkey, Ankara

ABSTRACT: Maestrichtian - Paleocene Foraminifera of the Cide Re-
gion (Central Northern Turkey) is shortly discussed and a new Cuvillierina
species from the same area is described.

0z: Cide Bélgesinin (merkezi kuzey Tiirkiye) Maestrichtien-Paleosen
foraminiferterinin kisaca tartismasi ve ayni bélgede bulunan yeni bir Cu-
villierina tiiriiniin tanimlamasi yapilmigtir.

INTRODUCTION

A project on the Northern Anatolian Fault Zone was carried out
during 1970-71 in the Geological Mapping Department of the Min-
eral Research and Exploration Institute of Turkey. Mesozoic — Ter-
tiary stratigraphy of the Cide area (Fig. 1) was investigated as a
part of this project. Microfauna (Foraminifera) of a section ranging
from Turonian- to Lower Eocene was studied by the author. In this
paper the microfauna of a part of this section is shortly discussed
and the description of a new Cuvillierina species from the same
section is given.

MAESTRICHTIAN-PALEOCENE STRATIGRAPHY OF
THE CiDE REGION

The upper part of the Maestrichtian strata consists of alterna-
tions of limestone and clayey limestone. Orbitoides sp., Lepidor-
bitoides sp. and Siderolites sp. occur predominantly in the lime-
stones. Cuvillierina sé6zerii n. sp. is also found in the same beds.
It occurs rather rareily except in the level from which the sample
AN-0-245 (Fig. 2, Table 1) as taken, Clayey limestones are rich
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in Globotruncana. Globotruncana species are characteristic for
Maestrichtian where form biozones. These zones are shown in Fig-
ure 2. Sample, numbered AN-0-255, marks the end of the Maes-
trichtian strata. The sequence continues upward conformably with
clayey limestone beds containing primitive Globorotalies. These
clayey limestone strata with Globorotalia pseudobulloides (Plum-
mer), Globigerine triloculinoides Plummer, Heterohelix sp. can be
assigned to Danien. A conglomerate containing well rounded lime-
stone pebbles of lower Senonian, Maestrichtian and Danian ages
separates Danian strata from thick limestone beds of Paleocene
age containing globorotalia pseudomenardii Bolli, Globorotalia cf.
angulata White, Globigerina sp., Heterohelix sp. The above men-
tioned conglomerate suggests a slight disconformity. It is inter-
esting to note that the conglomerate occurs between Danien and
Paleocene but not between Maestrichtian and Danian.

TABLE I
Specimen no. Foraminifers
AN-0-260 Globorotalia pseudomenardii Bolli

Glohorotalia cf. angulata (White)
Globigerina sp.
AN-0-259 Orbitoides sp.
Siderolites sp.
Globotruncana sp.
Globorotalia sp.

AN.O-257 Globorotalia pseudobulloides (Plummer)
Globigerina triloculinoides Plummer

AN-0-255 Globotruncana elevata (Brotzen)
Siderolites sp.

AN-0-254 Globotruncana stuarti (de Lapparent)
Globotruncana contusa (Cush.)
Siderolites calcitrapoides Lamarck
Lepidorkitoides socialis (Leym.)

AN-0-251 Globotruncana stuarti (de Lapparent)
Siderolites calcitrapoides Lamarck
Siderolites heraclea Arni

in Pebbles
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Figure 2 — Columnar Section (Location is shown in Fig. 1) (Siikrii Uysal
and Zeki Akyol) Scale 1/1500.
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AN-0-250 Globotruncana stuarti (de Lapp.) Zones
Globotruncana elevata (Brot.)
Globotruncana arca (Cushman)
AN-0-249 Siderolites calcitrapoides Lam.
Siderolites heraclea Arni
Lepidorbitoides socialis (Leym.)
AN-0-248 Globotruncana stuarti (de Lapp.)
AN-0-247 Orbitoides sp.
Omphalocyclus sp.
Lepidorbitoides sp.
AN-0-246 Globotruncana contusa (Cush.) Zone
AN-0-245 Cuvillierina sézerii n.sp.
Lepidorbitoides minor (Schlumberger)
Globotruncana stuarti (de Lapp.)

Siderolites calcitrapoides Lam.
Globotruncana contusa (Cush.)

AN-0-244 Globotruncana rozetta (Carsey)
Orbitoides media (d’Arch.)
Siderolites calcitrapoides Lam.

AN-0-243 Lepidorbitoides socialis
Orbitoides media (d.Arch.)
Omphalocyclus sp.

Table 1 — Forfaminifera confent of the section presented in Fig. 2. (Locations
of samples are shown in Fig. 2)

Family MISCELLANEIDAE Sigal 1952
Genus CUVILLIERINA Debourle 1955

Cuvillierina s6zerii n.sp.
PI. 1. Fig. 1-6, PL. I, Fig. 7-10

Derivatio nomvnis. — This species is dedicated to my colleague
Mr. Biler Sozeri.

Diagnosis: Test free, discoidal and planispiral, coling involute,
surface perforate and irregularly reticulate, hyaline calcareous test
with perforate radial wall, 2-3 whorls, average diameter 2,75 mm.,
average central thickness 0,60 mm., proloculum very small and
subspherical with a diameter of 65y, spire very thick with alveolar
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structure at its end, spire interval very large in the last whorl, septa
double layered with intraseptal channell, irregular chambers with
intercameral foramen, last four chambers big and very character-
istic in shape.

Description: The test if free and discoidal. In spite of its inner
dissymmetry, it is coiled planispirally. The coiling is completely
involute. In some superficial sections it is observed that the sur-
face is covered by a perforate, irregular and reticulate pattern. The
equatorial periphery is arcuate. The test structure is hyaline calcar-
eous and radially perforate as in Rotaliidae. Thickness of the test
varies from one edge to the other. Proloculum is very small, sub-
spherical and its diameter is about 65y. The proloculum is followed
by 2-3 whorls. The spire thickness begins to increase from the
first whorl and reaches its maxiumum at the last whorl. There are
some big alveoles within this rather large thickening. Presence of
these alveoles is a very important character for this species. In the
first whorl, the spire interval stays almost constant; but, at the last
whorl is sudenly becomes wider as operculinoid pattern. The septa
have double layers and are arched backward. Intraseptal channels
are present. The chamber communications are made by a slit form
intercameral foramen, at the base of the septum. In the first whorl,
chambers are very small and their height is slightlly bigger than
their breadth. The chambers of the last whorl are very different in
size and in shape. The last four chambers, being very character-
istic, become greater and reach 2-4 times of the size of the first
whorl's chambers. There are 11-12 chambers in the last whorl.

Measurements: (in 20 samples)

Maximum Minimum Average
Diameter 3,33 mm 1,89 mm 2,75 mm
Central thickness 0,65 mm 0,55 mm 0,60 mm

Comparisons and Remarks. — Because of the similarities of
external ornamentation and of coiling plane this new species is
placed in genus Cuvillierina, although its external ornamentation is
similar to that of Latffitteina Marie. Cuvillierina sbzeri n.sp. differs
definitely from Laffitteina Marie by a different coiling plane.

Cuvillierina sozerii n.sp. is distinguished from Cuvillierina eoce-

nica Debourlle by unlike shape of the last whorls and by presence
of alveols within the spire in the last whorl. Another difference be-
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tween these two species is the lack of alveoles in basal part of the
chambers of the last whorl of Cuvillierina sozerii n.sp.

It is distinguished from Cuvillierina vallensis (Ruiz De Gaona)
by unlike chambers of the last whorl and the lack of alveoles within
the spire in the last whorl. Cuvillierina s6zerii n.sp. occurs in a low-
er stratigraphical (level.

Distribution. — The species has been found in hard, buff-color-
ed Limestone with a rich fauna composed of Lepidorbitoides so-
cialis (Leym.), Lepidorbitoides sp., Orbitoides media (D'Arch.) Or-
bitoides sp., Globotruncana stuarti (De Lapp.), Globotruncana
contusa (Cush.), Siderolites calcitrapoides Lam., Siderolites sp.,
Omphalocyclus sp-, Sulcoperculina sp., Acervulina sp., Navarella
sp., Kathina

Stratigraphical level: Maestrichtian.
Locality: Cide Town, North-West of Kastamonu.
Yayina verildigi tarih: 2.1.1973
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PLATE |
Cuvillierina sozerii n.sp.
1 — Axial section, paratype (Es. C. 2) X 30
2 — Equatorial section, holotype (Es. C. 1) X 34

3 — Equatorial section, paratype (Es. C. 3) X
32 Si- Siderolites sp.

4 — Section parallel to surface of test, paratype (Es. C. 4)
5 — Tangential section, paratype (Es. C. 5) X 30
6 — Axial section, paratype (Es. C. 6) X 30

PLATE Il
Cuvillierina s6zerii n.sp.

1 — Equatorial section, paratype (Es. C. 7) X 31
Si- Siderolites calcitrapoides Lamarck,

2 — Axial section, paratype (Es. C. 8) X 30

3 — Subaxial section, paratype (Es,. C. 9) X 30
Lpo- Lepidorbitoides sp., Git- Globotruncana contusa
(Cush.)

4 — Subaxial section, paratype (Es. C. 10) X 31
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GULPINAR'DAKI FOSIL BOVIDAE KALINTILARI HAKKINDA
BiR NOT

A Note On The Remains Of Fossils Bovidae Of Giilpinar

Ibrahim Tekkaya
M.T.A. Enstitiisii, Ankara

0Z: 1968 yilinda M.T.A. Omurgali Paleontoloji ekibi, Giilpinar'in (Ca-
nakkale) Kiilahllayagi mevkiinde Gazella depertina Gervais'e (Syn. G.
brevicornis) ait bir kafa pargasi ve bazi boynuzlar ile Palaeoreas linder-
mayeri Gaudry'e ait bir kag boynuz ayrica bir gok Memeli fosil kalintilari
buldu. Bugiine kadar Anadolu'nun muhtelif yerlerinde Gazella deperdita
Gervais ve Palaeoreas lindermayeri Gaudry'e ait bir¢ok fosiller ele gecmis
bulunmaktadir. Bu iki tiiriin Canakkale bélgesinde ilk defa bulunmasi, bu
bdlgenin Asya, Avrupa ve Anadolu’nun diger lokaliteleriyle olan stratig-
rafik korelasyonun yapilmasinda ¢ok 6nemlidir. Boylece, Asya, Avrupa ve
Anadolu’nun diger bélgeleriyle Glilpinar arasindaki faunasal migrasyon ve
bunun gegit bélgeleri hakkinda daha ¢ok bilgi sahibi olacagiz.

Bu lokalitede daha 6nce Choerolophodon, Hipparion, Palaeotragus ve
Helladotherium fosilleri ele gegmistir. Simdi bunlara Palaeoreas linder-
mayeri Gaudry ve Gazella deperdita Gervais'de ilave edilmigtir. Bu son iki
tiir step faunasi gurubuna attir. Bélgenin stratigrafik durumu yeni bulun-
tularin da eskilere ilavesiyle daha ziyade kesinlesmistir. Bu bakimdan, bu
buluntular Canakkale i¢cin ¢ok 6nemlidir. Kiilahliayagi lokalitesi, bu bulun-
tularla Ponsiyen'in (Alt Pliosen) orta katini kesin olarak temsil edebilmek-
tedir.

ABSTRACT: In 1968, the team of vertebrate Paleontology of M.T.A.
discovered a part of a cranium and some horn-cores of Gazella deperdita
Gerxmis (Syn. G. brevicornis), several horn-cores of Palaeoreas linder-
mayeri Gaudry and a many Mammalian fossil remains in Kiilahliayadi site
of Glilpinar (Canakkale).

Numerous specmens of Palaeoreas lidermayeri Gaudry and Gazella
deperdita Gervais was found m the exploration and excavation of the dif-
ferent place of Anatolia until to day. The first discovering of Gazella deper-
dita Gervais and Palaeoreas litodermayeri Gaudry in Dardanelles province
is very important for the stratigraphie correlation of this site with Anatolia
localities and the other sites in Europe and Asia. Thus, we will have much
knowledge for faunal migration and the region of dispersion between
Giilpinar and the other localites of Anatolia, Asia and Europe.
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Formerly, Choerolophodon, Hipparion, Palaeotragus and Helladothe-
rium was found on this region. Now, Palaeoreas lindermayeri Gaudry and
Gazella deperdita Gervais have added to these Mammaliam fauna. The
last two specks belong to steppe fauna. The stratigraphic position of the
locality had been clearly outlined by adding the new evidence to the early
fauna. For this reason, these two fossils are very much important for Dar-
danelles.

These fossils indicate for this locality an age of middle level of Pon-
tian (lower Pliocene).

GIRIS

Gulpinar'in Kilahhayagi mevkiindeki fosil yatadi tiifit, kalsit ve
kil ihtiva etmektedir. Burada ele gegen Palaeoreas lindermayeri
Gaudry ve Gazella deperdita Gervais (Syn. G.brevicornis) tiirleri,
Anadolu ile Balkanlar ve dolayisiyle Avrupa arasinda tiir birliginin
kurulmasinda biiyiik 6nemi haizdir. Bu bakimdan simdiye kadar
Pliosen'de Anadolu ile Yunanistan ve dolayisiyla Avrupa arasinda-
ki karasal baglantinin sadece Ege bolgesiyle saglandigi bilinmek-
teyken bu arastirmamiz ile Avrupa ve Anadolu Arasindaki karasal
baglarin Pliosen'de Canakkale bélgesinde de gergeklesmis oldugu
goriilmektedir. Akartuna'dan (1950) 6grendigimize gore bolgenin
NW'sinda yer alan imroz adasinda Andrews tarafindan bulunup
(lokalitesi belli degil) 1918 yilinda nesredilen Tetrabelodon penteli-
cus ile Georgalas'in 1926 daki nesriyatiyle Kefallos'un 60-70 metre
kalinligindaki gre, marn miinavebeli serisinde ele gecen Rhinoceros
sp. ilging bulunmaktadir. Boylece, gerek Avrupa'dan doguya dogru
olan ve Tiirkiyeyide igine alan ve gerekse Asya'dan gelip Anadolu
kanali ile Avrupa'ya ulagsan Memeli faunasinin migrasyonlarinda
sadece Ege bolgesi degil en azindan onun kadar Canakkale bdlgesi
de onemli rol oynamis bulunmaktadir.

Palaeoreas lindermayeri. Gaudry Tiirkiye'de ilk defa Malik Na-
fiz (1933) tarafindan Kiiglikgekmece'de kesfedildi. Ayrica, bu tiiriin
simdiye kadar Mont Léberon, Pikermi, Samos ve Maragha'da bulun-
mus oldugunu Gaudry (1862-67), F. Major (1891), Pugrim-Hopwo-
od (1928), Arambourg-Piveteau (1929), Melentis (1970) ve Gentry
(1971) den 6greniyoruz.

Gazella deperdita Gervais (Syn. G. brevicornis) ise ilk defa
Ayas'in ilhangay kdyiinde Prof. Thenius (1949) tarafindan bulundu.
Ayni fosili, Prof. Senyiirek (1951,1952), Ankara yakinindaki Gokdere
(ElImadag) mevkiinde ve sonra Prof. Ozansoy (1957) Sarilar (Anka-
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ra) koyliniin Cobanpinar mevkiinde kesfetti. Ayrica; Prof. Ozansoy
bu tiriin Kirsehir'in Gokesme' ve Yozgat'in Karasakir? kdylerinde
bulundugunu tesbit etmistir. Nihayet ayni tiir tarafimizdan (Tek-
kaya, 1S70) Yassioren (Ankara) kdyliniin Orta Sinap lokalitesinde
bulundu.

Sistematik Etit

Takim (Ordo) : Artiodactyla Owen, 1848

Ust- Familya : Bovoidea Simpson, 1931
Familya : Bovidae Gray, 1821

Alt-Familya : Bovinae Gill. 1872

Cins (Gendis) : Palaeoreas Gaudry, 1861

Tir (Espes) : Palaeoreas lindermayeri Gaudry

Tiir tanimlamasi

Boynuzlar biiyiik, kuvvetli derecede geriye meyilli fakat kivrik ol-
mayip orta derecede degiskendir. Spiral olarak biikiilen boynuzlarin
biri 6nde digeri arkada iki kareni mevcuttur. On karen arka karenden
kuvvetli olup boynuzun 6n yiiziine dogru déner. Boynuzun spiral tur
hizi ikiye yakindir. Boynuz kesiti ise daireye yakindir.

Materyel

Ug adet boynuzdan ibarettir. Orbitlerin hemen tizerinden kiril-
mis olan boynuzlarda, tam olmamakla beraber, fossa post-orbitalis
mevcuttur. Boynuzlarin, biri énde digeri arkada olmak lizere iki ka-
reni vardir. Bu karenlerin bazi kisimlari bozulmustur. Boyle olmakla
beraber takip edilebilmektedir. Ayrica, boynuzlar ug kisimlarina ya-
kin yerlerinden kiriktir.

Horizon
Ponsiyen (alt Pliyosen) orta seviye.
Tanitim

Boynuzlar spiral olarak biikiilmektedir. On ve arka karenler nis-
beten asinmis ise de on karenin daha kuvvetli oldugu gorilmekte-
dir. On karen icerden baslayip boynuzun on yiiziine dogru doéner.
Boynuzun i¢ ve dis yiiziindeki konkavite hemen hemen esittir. Boy-
nuzun spiral turu azdrr.

(1) Prof. Ozansoy (1956) Kirsehir-Kaman-Ac16z-Gokesme memeli faunasi, M. T.A.
Rapor No: 3, Nesredilmemistir.
(2) Prof. Ozansoy (1957) Yozgat-Bogazliyan-Karasakir memeli fosilleri M.T.A.
Rapor No: 14, Nesredilmemis..
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Karsilastirma

Gilpinar'in Kilahhayagr mevkiinde buldugumuz Palaeoreas lin-
dermayeri numunesi ile ayni tiirin M.T.A. Miizesindeki mulaj olan
numunesi Uzerinde alinan olgilerden, M.T.A. Miizesindeki mulaj
numunenin biyometrik olarak daha biiyiik oldugu goriilmektedir
(Cizelge:l ve 11, Sekil. 1).

Melentis'in (1970) bildirdigine gore, Atina ve Pikermi'deki numu-
nelerin boynuz kaidelerinde alinmis olan 6n-arka cap ile i¢-dis ¢cap
hemen hemen aynidir (Cizelge Il). Bu dlciiler Giirpinar numunemi-
zin olcilerinden ¢ok farkhdir. Ayrica, Gaudry (1862-67) tarafindan
cizilen Palaeoreas lindermayeri tiriine ait boynuz kesiti tGzerinde
aldigimiz olgiilere gére bu numunenin boynuz 6lgiilerinin 6n-arka
ve i¢-dis caplari, Atina, Pikermi ve M.T.A. Miizesindeki mulaj numu-
nenin olgiilerinden daha ¢ok Giilpinar numunesine yakindir. Diger
taraftan Gentry (1971), Samos'ta bulunmus olan Palaeoreas lin-
dermayeri boynuz numunesine ait biyometrik dlgtiler (Cizelge. 1) ile
Gllpinar Palaeoreas lindermayeri boynuz numunesinin biyometrik
Olgileri arasinda biiyiik bir fark bulunmaktadir (Cizelge. II).

Prof. Ozansoy (1957, 1965) tarafindan Ankara'nin Yassioren
koylindeki Sinap serisinde bulunan Palaeoreas elegans Ozansoy
ve Palaeoreas brachyceras Ozansoy tiirleri ile Giilpinar'da ele ge-
cen Palaeoreas lindermayeri Gaudry tiirli arasinda biyometrik ve
morfolojik yonden biiyiik bir yakinlagma mevcuttur. Palaeoreas lin-
dermayeri boynuzunun Palaeoreas elegans ve Palaeoreas brachy-
ceras boynuzlarindan daha yuvarlak oldugu da biyometrik dlgiiler-
den (Cizelge. Il) gok acgik olarak anlasiimaktadir. Boylece biyometrik
sonuglar bize, Anadolu Palaeoreas tiir temsilcilerinin Avrupa ve Ege
bolgesindekilerden daha narin bir yapiya sahip olduklarini goster-
mektedir.

Tiir Dagilimi

Bugtinki bilgilerimize gore, Ponsiyen (s. 1) boyunca Palaeore-
as genusunun Anadolu'da Ug tirle teskil edilebilmis, buna mukabil;
Avrupa, Ege bdlgesi ve iran'da sadece Palaeoreas lindermayeri'nin
bulunmus olmasi bu cinsin tiirlerinin, Anadolu'yu igine alan bir bol-
gede zuhur ettigini goster- mektedir. Orta Sinap serilerinin Giilpi-
nar'dan daha yash oldugunu da nazar dikkate alirsak bu goriistin



Sekil. I.  Palaeoreas lindermayeri Gaudry boynuzunun onden goruniisii.
The frontal view of the horn-core of Palacoreas lindermayeri Gaudry
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Sekil II. Gazella deperdita Gervais (Syn. G. brevicornis) cranium unun
listten goriiniigii.
The upper view of the cranium of Gazella deperdila Gervais
(Syn. G. brevicornis)



Sekil III. Gazella deperdita Gervais (Syn. G. brevicornis) boynuzunun
digtan goriiniigii.
The lateral view of the horn-core of Gazella deperdita Gervals (Syn. G.
brevicornis)
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Sekil IV. Gazella deperdita Gervais (Ssln. \éw.’Mbr‘eﬁikcornis boynuzunun
icten goriiniigii.

The inner view of the horn-core of Gazella deperdita Gervais (Syn. b.cvicornis)
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daha ¢ok kuvvet kazandigi kendiliginden ortaya cikar. Bdylece,
Palaeoreas lindermayeri'nin Avrupa'da Mont Léberon'dan doguya
iran'a kadar ulastigi bugiin bir gergek olarak bilinmekteyse de bu
dagihmin daha gok Ege ve Bati Anadolu’ya samil oldugu goriildir.

Alt-Familya : Antlopinae Baird, 1857
Cins (Genis) : Gazella De Blainville, 1816
Tir (Espes) : Gazella deperdita Gervais

Tiir tanimlamasi

Boynuz geriye orta derecede kivrik olup hi¢ bir zaman biikdil-
mez. Boynuz yiizli, uzunluguna az ¢ok devaml sulcus'larla ortiil-
mistir. Boynuzun dis yiizii yassidir. Boynuz kesiti dis yiizii basik
opaldir. Foramen supra orbitalis basik, derin ve gukurdadir. Boynu-
zun arkasindaki derin sulcus ¢ok karakteristiktir.

Materyel

Alti boynuz ve bir kafa pargasindan ibarettir. Bu kafa parga-
sinda cranium viscerale ve boynuzlar bulunmamaktadir. Cranium
cerebrale'ye ait os frontale'nin gok kigiik bir kismi vardir. Sutura
parieto-frontalis ¢ok belirgindir. Os pariatale tamdir. Sutura parie-
to-occipitalis kismen goriilmektedir. izole boynuzlarin ise fossa
orbitalis'lerinin bir kismi mevcuttur. Bu boynuzlarin ug kisimlari ki-
riktir.

Tanitim

Boynuzlar geriye kivrik olup dis ylizii basik, i¢ yiizii ise konveks-
tir. Boynuzlarin i¢ ve dig ylzlerinde zayif sulcus'lar varsa da en de-
rin sulcus'lar boynuzun 6n ve arka kismindadir. Boynuz kesiti dig
yuzii basik bir ovali andirmaktadir. Boynuz kaidesi kisadir Fossa
orbitalis'ler kapal ve derindir. Foramen supraorbitalis'ler derinde
ve bir kanal igindedir. Fossa post-orbitailis'ler az derindir.

Cranium'a ait bipariatal uzunluk 41.20 mm., bipariatal genislik
ise 54.20 mm. olarak dl¢lilmistir (Sekil 2).

Karsilastirma

Gllpinar'da ele gegen Gazella deperdita Gervais (Syn. G. brevi-
cornis) ait boynuz numunelerinin Orta Sinap'ta buldugumuz Gazel-
la deperdita n.var. (Tekkaya, 1970) olarak adlandirdigimiz boynuza
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¢ok benzemektedir. Yalniz, ikisi arasinda boynuz lzerinde sadece
varyasyon gosteren belirtiler vardir. Bunlari sdyle siraliyabiliriz: Orta
Sinap'taki Gazella deperdita n.var. boynuzunun i¢ ve dig yiziin-
de hi¢ sulcus yoktur. Halbuki Giilpinar'da ele gegcmis olan Gazella
deperdita boynuzunda zayif dahi olsa i¢ ve dis ylizlerde sulsuclar
vardir (Sekil. 3 ve 4). Bunun disinda kalan morfolojik ve boynuz for-
muna ait 6zellikler her iki numunede de birbirinin aynidir.

Diger taraftan; Hooijer (1945), Gassella schreuderae boynu-
zunun geri kivrik olup boynuz yiizlerinde uzunluguna ve derin gu-
kurlar bulundugundan ve boynuz kesitinin ovali olup boynuzlarin,
orbitlerin {icte bir gerisinde yer aldigindan bahseder. Halbuki; son
arastirmalarindan birinde Heintz (1971), bu tiriin Gazella deper-
dita'ya morfolojik olarak gok benzedigini ve ikisinin ayni tiir gibi
disiinilmesinin gerektigine inandigini belirtmektedir. Bizde bu fikri
desteklemekteyiz.

Gazella gaudryi Schlosser boynuzu hafif olarak geriye kivrik
olup boynuz kesitide daireseldir. Bu iki tiir boynuzlarinin kesiti ba-
kimindan birbirinden aynlir. Ciinkii, Gazella gaudryi Schlosser'in
boynuz kesitinin dig ylizii basik ovaldir.

Pilgrim-Hopwood (1928)), Gazella mytilinii Pilgrim'in boynuzla-
rinin geriye kivrilirken hafif disa dondiigiinden, boynuzlarin birbiri-
ne paralel olup bunlarin orbitlerin arka yarisinda yer aldigindan ve
boynuz kesitinin oval oldugundan bahseder. Giilpinar'daki Gazella
deperdita ile bu tiir arasinda, boynuz kesitinin oval olugu ve boy-
nuzlarin geriye kivrik bulunusundan baska hi¢ bir karakter bu iki
tlrd birbirine yaklastirmamaktadir.

Gilpinar'da bulunmus olan Gazella deperdita Gervais boynuz
numunelerinin biyometrik karsilastirmasindan, (Cizelge. Il ve IV)
bunlarin en ¢ok Gokdere numunelerine yasglastigi goriilmektedir.

Arambourg-Piveteau (1929), Gazella bailloudi Arambourg ve
Piveteau'nun boynuzu orbitlerin (gte bir gerisinde yer almaktadir.
Boynuzlar frontaldan dik olarak yiikselir. Boynuz yapisma nisbetle
fossa orbitalis ¢gok biiyiik ve disa firlaktir. Kanaatimizce bunun yeni
bir Gazella tirii oldugu tartisma konusu olabilir.

Tiir Dagilimi

Bugiine kadar yapilan arastirmalar sonunda Ponsiyen (s. 1.)
serilerine ait tabakalarda F. Major (1891), Gaudry (1862-67, 1873),
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Pavlow (1914), Pilgrim-Hopwood (1928) ve Arambourg-Piveteau
(1929) tarafindan Gasella deperdita Gervais'in Avrupa'da Concud
(ispanya), Mont Léberon, Croix-Rousse (Fransa), Baltavar (Maca-
ristan), Pikermi, Selanik ve Samos (Yunanistan), Taraklia ve Ben-
dery (Romanya) ve Ukranya'da da ele gectiginden bahsedilir.

Tirkiye'de Gasella deperdita Gervais, Thenius (1949) tarafindan
Ankara-Ayas-ilhankoy'de, Senyiirek (1952) tarafindan da Anka-
ra-Elmadag-Gokdere mevkiinde bulundu. Ayrica, bu tiirii Ozansoy
(1957, 1965) Ankara-Ayas-Evci koylindeki Cobanpinar mevkiinde
kesfetti. Yozgat'in Karasakir ve Manisa'nin E. Develi kdylerinde de
bu tlirin mevcut oldugunu Prof. Ozansoy bildirmektedir. Gazella
deperdita Gervais'e Orta Sinap serilerinde ise tarafimizdan (Tekka-
ya, 1970) rastlanmistir.

SONUG

Gilpinar'in Kiilahliayagi mevkiinde daha dnce yapilan arastir-
malar ile bazi Memeli fauna temsilcileri tesbit edilmisti. Son ola-
rak bunlara Palaerogeas lindermayeti Gaudry ve Gasella deperdita
Gervais'de (Syn. G. brevicomis) katilmis bulunmaktadir. Béylece bu
son buluntular bu lokalitenin yasinin daha kesin olarak tesbit edil-
mesini saglamistir.

Esasen Anadolu'nun Asya ve Avrupa karasal baglantisindaki
onemli yeri goz 6niline alinirsa, Memeli faunasinin migrasyonunda,
neden Asya ve Acrupa cins ve tir birliginin saglanmasinda Anado-
lu'nun birinci derecede rol oynadigi ortaya ¢ikar.

Palaeoreas lindermayeri Gaudry'nin sadece Yunanistan, Ege
bdlgesi, Anadolu ve iran'da ele ge¢cmis olmasi ve daha ziyade Ana-
dolu'da birden fazla tiirle temsil edilebilmis olmasi ¢ok ilgingtir.
Fikrimizce Anadolu'yu icine alan bir bolge bunlarin anavatani olsa
gerektir.

Gazella deperdita Gervais ise Anadolu'da bir ¢ok yerde ele geg-
mistir. Bu tiiriin Avrupa'dan iran'a kadar Anadolu'yu icine alan bir
sahada bulunmus olmasi Avrupa-Asya memeli tiir skalasinin ta-
mamlanmasina yardimci olmaktadir. Burada énemli olan, Anadolu
Memeli faunasi temsilcilerinin gerek Asya'dan Avrupa'ya ve gerekse
Avrupadan Asya'ya dogru go¢ ederken Canakkale bélgesinde ya-
samis olmalarinin tesbitidir. Bu bakimdan bu iki tiiriin bu lokalitede
ilk defa ele gegmis olmasi bu yonden ayri bir deger tagimaktadir.
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Giilpmar Memeli f aianacnilUDi- Myosfra.tigrafik churamn

Astiyen
Plaisansiyen
Ponsiyen
Pliyosen Pannoniyen
Pikermi, Giilpmar
Garkin
Kayadibi, Orta Si-
nap, Kiiciikcekmeca
Bayraktepe
Ust Miosen Messiniyen Alt Sinap?
Orta Miosen | Tortoniyen Canxdir,
CIZELGE: I

Giilpmar’daki Palaeoreas lindermayeri Gaudry boynuz olciileri

Kaidedeki Kaidedeki Robustus Masiflik
Uzunluk capi Enine cap Kiymeti Endisi

Numune 1 24.60 25.90 737.14 105.24
Numune 2 21.00 23.80 459.80 113.33
Numune 3 23.00 24.00 552.00 104.34

Ortalama 22.86 24.58 582.98 107.63
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CIZELGE: 1T
Palacoreas tiirlerinin boynuz dlciileri
Kaidede Kaidede Robustus Masiflik
Uzunluk Eine Kiymeti Endisi
7 Capr Gap
Palaeoreas lindermayeri Gaudry
Pikermi'den Melentis ,1970 44,00 38.00 1672.00 86.36
Palaeoreas lindermayeri Gaudry
Atina'dan Melentis, 1970 43.00 38.00 1634.00 88.37
Palaeoreas lindermayeri Gaudry
M.T.A. Miizesinden (Miilaj) 44.60 37.70 1679.42 84.53
Palaeoreas lindermayeri Gaudry
Pikermi’den Gaudry, 1862-67 36.00 25.00 900.00 69.44
Palaeoreas lindermayeri Gaudry
Samos'tan Gentry, 1971 42.70 27.30 1165.61 63.94
Palaeoreas lindermayeri Gaudry
Giilpinar’dan, 3 numune ortalamasi 22.86 24.58 582.98 107.63
Palaeoreas elegans Ozansoy
Sinap’tan, 7 numune ortalamasi 27.45 20.45 562,14 74.55
Palaeoreas brachyceras Ozansoy
Sinap’tan, 5 numune ortalamasi 29.90 24.24 727.01 81.01
CIZELGE: I
Giilpmar’daki Gazella deperdita Gervais’'in boynuz dlciileri
Kaidedeki Kaidedeki Robustus  Masiflik
Uzunluk cap Eneine cap Kiymeti Endisi
Numune 1 25.30 19.40 464.52 76.67
Numune 2 26.60 19.50 518.70 73.70
Numune 3 22.80 18.70 426.36 82.01
Numune 4 23.70 18.70 443.19 78.90
Numune 5 22.70 19.00 431.30 83.74
Numune 6 22.50 18.70 420.75 83.11
Ortalama 2393 19.00 454.67 79.39
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CIZELGE: IV

Gazella deperdita Gervaisin boynuz dlgiileri

Kaidede Kaidede Robustus Masiflix
Uzunluk Enine Kwymeti Endisi
Caps Cap
G. deperdita Gervais
GOkdere, Senyiirek, 1952 28.50 21.00 498.50 89.40
G. deperdita Gervais
Bat1 Balkaya, Gromova 29.00 25.00 725.00 86.20
et al., 1966 27.30 24.00 6556.20 87.01
G. deperdita Gervais
GOkegme, 3 numune 23.50-24.80 17.60-18.40
ortalamas: (2) 24.16 17.90 432.46 74.08
G. deperdita Gervais (var.)
Manisa, E. Develi (2) 18.70 14.80 276.76 79.14
G. deperdita Gervais 22.50-26.60 18.70 19.50
Giilpinar, 6 num. orta. 23.93 19.00 454.67 79.39
G. deperdita Gervais
Mont Léberon, (1) 726.00 — — -
Gaudry, 1873
G. deperdita Gervais
Selanik, (1)
Arambourg et Piveteau, ?17.90 — — —
1929
G. deperdita Gervais
Attika, Gaudry, 1862-67 25.20 22.20 559.44 88.09
(1)

Olgiiler figiir iizerinden alinrmigtir

(2) Olgiiler tarafimdan alinmgtir.
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TOROSLARDA GORULEN YENi BAZIK iNKLUZYONLAR
(OFiSFERITLER)

Some Basic Inclusion (Ophispherites) Faund At
Taurus Mountaines

B Nezih Tuzcu o
Ege Universitesi, Jeoloji Kiirstisii -IZMIR

0Z: Karaman'in 45 Km. giiney batisinda incelenen ofisferitler serpan-
tinlesmis ultrabaziklerde goriilmiiglerdir. Eski diyabaz dayklari tektonik
eylemlerle pargalanip 6zel metasomatik doéniisiimlerle klorittegmisler,
bélgesel yapi kazanmiglardir. Caplar 15 cm yi gegmeyen bu bazik inkluz-
yonlar H,0 ve MgO bakimindan zengin eriyiklerin etkisiyle iki fazla ger¢ek-
lesen déntisiimlerinde:

1) Plajiyoklaz (An,,) pennini
2) Aktinolit klinoklor'u vermisgtir.

Kloritlesme siddetli bir ofisferitten digerine degismektedir. Bu da, me-
tasomatizmanin yer almasi icin gerekli ve uygun basing ve sicaklik ko-
sullarinin, H,0 MgO lu eriyiklerin tendr ve hizlarinin degismesine; tektonik
hareketlerin siddetine, mafik ve felsitik imnerallerin oranina, diyabaz par-
calarinin boylarina ve son olarak ana kayacin doku ve graniilometresine
baghdir.

ABSTRACT: The ohispherites, are characterized by their association
with the serpentinites. These roumded inclusions of an avarage diameter
of 5-15 centimeters are to be considered as the result of the fragmen-
tation of pre-existing diabase dikes affected by a subsequent differen-
tial chlontizatiom. They are generally formed by an external and a central
zone exhibiting a distinctily different mineralogical and chemical compo-
sition.

The chloritization and the Resulting concentric zonation of these
ophispherites in due to the circulation of magnesium-rich water solutions.
These meta-somatic processes took place in the two following stages:

1) In a first stage only the plagioclase is transformed into chlorite
(pennine). As calcium and silicon are removed from the plagioclas, sec-
ondary clinozoisite and some zoisite are formed.

2) Subsequently, the amphibole, a magnesian member of the ferro-
actinolitetremolite series, is changed into chlorite (clinochlore).

The intensity of chloritization varies considerably from one ophis-
pherite to another. It can be explamed by the variation of pressure and
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temperature conditions, the velocity of the circulating aqueous solutions,
the texture of the primary rock and its mineralogical composition as ell as
the size of the fragments of pre-existing diabase dykes.

RESUME: Les ophisphérites sont caractérisées par leur association
intime avec des serpentinites. Ces inclusions de 5-15 cm. de diamétre
sont considérées comme le résultat de la fragmantatione des dykes de
diabase affectés par une chloritisation différentielle postérieure. Elles
sont généralement formées d'une zone centrale envloppée par une zone
externe. Chacune d'elles montre une composition minéralogique et chim-
ique différente.

La chloritisation et la donation concentrique de ces ophishérites sont
dues a la circulation des solutions riches en MgO et en H,0. Cette trans-
formation métasomatique a pris place en deux stades successifs.

1) Pendant le premier stade seulement le plagioclase se transforme
en chlorite (pennine). Comme le Ca0 et le SiO, sont dégagés du plagi-
oclase, ils forment la zoisite et la clinosoisite.

L'amphibole, qui est un membre en la série de ferroactinote-trémolite,
se transforme en une autre chlorite (clinochlore).

L'intensité de la chloritisation varie d'une inclusion a I'autre. Cela peut
étre expliqué par la variation de la T et P, de la vitesse de circulation des
solutions aqueuses et aussi par la texture, la granulométrié la composi-
tion minéralogique des diababes préexistantes.

GIRIS

ilk bakista biiyiik ultrabazik masifler yeknesak bir goriiniiste
olmalarina ragmen dikkatli ve ayrintili ettidler bunlarin yapi, kim-
yasal bilesim, renk ve doku bakimindan farkl elemanlar ihtiva et-
tiklerini ortaya koymustur. Koken, yerlesme ve olusum bakimindan
ana kayagtan ¢ok farkli olan bu yabanci elemanlar veya zenolitler
arasinda gegcirdikleri fiziksel, kimyasal ve mineralojik evrim ve do-
nisiimler yoniinden en ¢ok dikkat cekenlerden biri de ofisferitlerdir.

So6z konusu ofisferitler ilk olarak Mont Genevre masifinde (Fran-
sa) Vuagnat (1952) tarafindan bulunmus ve tanimlanmistir. Ofiyo-
litlerle yakin ilgileri (OPHIO) yuvarlak sekilleri (SPHERE) nedeniyle
adi gecen yazar bu inkluzyonlari OFISFERIT olarak isimlendirmistir.

Genel tanimlama ve etiide gegmeden once giliniimiize kadar bi-
linen ofisferit yataklarini bulunus sirasiyla sdyle siralamak miim-
kiindir:

1. Vuagnat (1953) Mont genevre Masifi (Fransa)

2. Vuagnat, Jaffe (1954) Col des Gets (Fransa)
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3. Galli (1964) Sestri Levante Apenin (italya)

4. Vuagnat (1965) Oberhalbstein-Grison (isvigre)
5. Bassaget (1966) Mugla-Gliney Bati Toroslar
6. Tuzcu (1969) SW Karaman-Bati Toroslari.

OFISFERITLERIN GENEL TANIMI

Bati Toroslarda, Karaman'in 45 Km. gilineybatisinda Baskisla
bolgesi serpantinlerindeki yeni ofisferit mostrasi lizerinde yapilan
¢alismalar s6z konusu inkluzyonlarin karakteristik 6zelliklerini ay-
dinlatmistir:

— Ofisferitler siddetli tektonik hareketlere ugramig bolgelerde
ve sadece tamamen serpantinlesmis ultrabaziklerde bulunurlar.

— Sekilleri kiiresel, elipsoidal olup ¢aplari 5-15 cm. dir.

— Bu elemanlar ulatrabazik kayag icine yerlesmelerinden sonra
0zel donliglimlere ugramis gabro ve diyabaz dayklarindan tiiremis-
lerdir.

— Ofisferitler es merkezli bir yapi gosterirler. Capsal bjr kesit
incelendiginde ortaya agik renkli bir bolge ve kenarda onu saran
koyu kusak goriilir. Bolgelerin hacimleri metasomatik dontisimiin
nedeni olarak diigliniilmektedir.

Daha ileride ayrintili olarak bahsedilecek olan metasomatoz
inkluzyonlarin esmerkezli bolgelesmelerinin ve kloritlegsmelerinin
temel nedeni olarak diisliniilmektdir.

— Kigik capli (5 cm) inkluzyonlar bazan tamamen kloridlese-
rek koyu renkli ve daha bir 6rnek goriiniim kazanmiglardir (Sekil 2b)

Koken ve olugum:

Donlisime ugramamis taze merkezsel bélgelerin mikroskopik
etlidleri, mineralojik ve kimyasal bilesimleri oflsferitlerin tiiremis
olduklari ana kayacin biitiin hallerde bir diyabaz veya bir gabro
oldugunu kesinlikle géstermistir. Ornegin, ayrintil olarak inceledi-
gimiz SW Karaman ofisferitleri yesil hornblendli ve intersertal do-
kulu bir diyabazdan dogmuslardir. Ayni bilesimli ofisferitler bazan
graniilometri farklar vermektedirler. "Chilled edge™ nedeniyle, iri

(*) "Soguma kenar1"
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taneli inkluzyonlarin diyabaz dayklarinin i¢ bélimlerinden kopmus
parcgalardan, ince tanelilerin ise s6z konusu dayklarin kenarlarin-
dan ayrilmis pargalardan tiiremistir hipotezi bu graniilometri farkini
aciklayabilmektedir.

Biitlin ofisferitlerin sadece serpantinitler icinde gorilmeleri iki
onemli sorun ortaya koymustur.

1) inkluzyonlarin serpantinitlerle ilgisi nedir?
2) Serpantinlesme onlarin olusumunda rol oynamis midir?

Bu iki sorun ofisferitlerin 4 fazda olusumunu agiklayan hipotez-
le aydinlatilabilir (Sekil 1).

1) Ofisferitler ultramafik kayag igine yerlesmis eski diyabaz
dayklarindan dogmuslardir.

2) Tektonik eylemler dayklarin catlayip, pargalanmalarina yol
acmistir.

3) Gatlaklar, H,0 ve MgO bakimindan zengin, metasomatoz aja-
ni eriyiklerin dayklar ve sarici kayag icinde dolasmasini kolaylastir-
mis, ultramafit kademeli olarak serpantinlesmeye ugramistir.

4) Ezilmis serpantinit icinde ofisferitler bireylesmis ve kloriti-
zasyon baslamistir.

OFiISFERITLERIN MINERALOJIK VE PETROGRAFiK ETUDU

Ofisferitlerin ana kayaci olan diyabaz genel olarak intersertal
dokulu ve taneleri degisik boydadir, yesil hornblend uralitizasyonla
bir klinopiroksenden (diyalaj) tiiremis, yer yer aktinolite déniismiis-
tdr. Plajiyoklaz bolgeli sonme gosterir. Baziklik derecesi merkezden
kenarlara dogru An,, ve An_ arasinda azalir. Prehnit ge¢ olusmus
bir mineral olarak ince damarlar verir. Apatit, pirit, ilmenit aksesu-
vardir.

Ofisferitlerin sekil 2a. da goriilen 3 bolgesinin mikroskobik etii-
diinde ise kenardan merkeze dogru:

a) Dis kabuk:

Kalinligi 2-5 mm. koyu yesil renkli yumusak, kaygan serpanti-
nimsi bir goriiniistedir. Doku bregiktir. ilk bakista ince volkanik ag-
lomerayi veya bir tiifii hatirlatir. Kenar bolgeden diizgiin ve net bir
sinirla ayrihir. Difraktometrik metodlarla Gandolfi ve Guinier kame-
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ralarindan yararlanarak dis kabugun bazan bastit 6zelligi gosteren
lizardit, krizotil gamma ve magnezyumlu bir kloritten meydana gel-
digi saptanmistir. Biitiin bu mineraller ¢ok ince taneli, izotrop bir
hamur icine alinmislardir. Bunlar haricinde feldspat veya Ca-silikat
gozlenmemisgtir.

Ofisferitin bazik bélimleri (b ve c) ile dis kabuk arasinda higbir
mineralojik veya dokusal bag yoktur. S6z konusu kabuk ofisferitle-
rin icinde bulundugu sertlesmis serpantin ¢imentosundan bagka
birgey degildir.

Dis kabugun kimyasal bilesimi soyledir:

Sio, 33.90
TiO, 0.69
ALO, 8.83
Fe,0, 5.44
FeO 0,70
MnO 0.34
MgO 32.70
Cao 0.51
Na,0 0.10
K,0 0.10
PO, 0.05
H,0* 13.39
H,0 -
co, 0.33
Toplam 100.08

Niggli parametreleri:

si:51,ti: 1,3, al: 7.5, fm: 91, ¢: 1,1
p: 0.05, alk: 0,25, k: 0,40, mg: 0.82, W:0.35
Goruliyor ki bu bilesim ne bir serpantinin ne de bir kloritindir.
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a. Bolgeli ofisferit

@ Bresik dokulu, serpantinli kabuk:
@ Dis bolge : kloritizasyon
@ Merkez : Hornblend diyabaz

Sekil: 2

b. Tamamen kloritlesmis ofisferit c. Benekli ofisferit
@ Serpantinli  kabuk @ Serpantinli kabuk
@ Kloritizasyona ugramis merkez @  Aktinot - Zoizit - Sfen

@ Klorit benekleri
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Fakat bu iki grup mineralin karisimini dogrulamaktadir.
b) Kenar bolge:
Kahnhgr 1-3 cm, acik renkli merkezsel bolgeyi veya gekirdegi

koyu bir band halinde sarar. Her iki bélge arasinda net dairesel bir
sinir bunmaktadir (Sekil 3-4).

Mikroskopta da bu iki bolge kolayca ayirt edilebilir. Kenar bol-
ge koyu rengini plajiyoklazin kloritlesmesine borgludur. Doniisiime
ragmen ilkel doku izleri muhafaza edilmistir.

Dairesel sinir boyunca 1-2 mm. kalinliginda negatif uzanimli,
yaklasik olarak izotrop bir klorit iki bolge arasinda yer alir.

Mafik minerallerin en 6nemlisi magmatizma sonrasi bir donii-
siimle diyallajdan tiiremis bir hornblenddir. Bu amfibol yer yer akti-
nolit ve kalsite donligmuistir.

Ghl |

. ek : 3 - Dis kabukla kenar bolgenin mikroskopik gorunusd.
Hbd. v : Yesil hornblend chl I . Pepnin
dia  : Diyallaj chl U-IT+ Mg - Klorit
itlm : Itmenit chr  : Krizotil
Li : Lizardit ca . Kalsit

Pyr . Pirit act : Aktinot
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act E Gecis
]

act+ca O Wi e | IEE , '
s#&L 7o 2Nl - ERKEZ

Sek-: 4 Kepar ve merkezsel bdlgeler arasindaki kontaktin
mikroskopik gorunisu.

plg: Plajioklaz cht I + Pennin
hbd.v : Yesil hornblend cht II : Klorit
dia : Diyallaj act :  Aktinot

pyr : Pirit ilm : ilmenit

ca : Kalsit
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c¢) Merkez veya ¢ekirdek:

intersertal dokulu, déniismemis, taze gergek bir diyabaz bile-
siminde ve kenar bdlgeye nazaran daha acik renktedir. Piajiyoklaz
ana diyabazdaki gibi labradorit (An,) ve Andezin (An,) arasinda
kristal merkezinden gevreye dogru degisen bir bilesim verir. Mafik
eleman yesil hornblend olup bazan tiiredigi klinopiroksenin etrafini
tacg gibi sarar.

— Daha once de belirtildigi gibi metasomatik doniisim biitlin
ofisferit blinyesini kapsadigi zaman ortaya ¢ikan yeni kayag bir
"Kloritit" olarak isimlendirilebilir. (Sekil 2b). Koyu yesil, homojen,
ince intersertal dokulu bu tiir inklliizyonlarda sadece pennin ve kli-
noklor mineralojik bilesime girmislerdir.

Sonuncu tip olarak (Sekil 2c) benekli ofisferitler epidot grubu
minerallerinin yaygin bir sekilde olugsmalari ile nitelenirler. Plajokla-
zin doniigsmesiyle klorit koyu benekler verirken, serbest kalan CaO
klinozoizit ve zoizit meydana gelmesine yol agmis diger taraftan
hornblend kademeli olarak 6nce aktinolite daha sonra da tremolite
donlismustir. Bu tip ofisferitlerde sfen en yaygin tali mineral olarak
dikkat gekmistir.

Ofisferitlerin kimyasal etiidiine gegmeden, 6nce amfibol grubu
minerallerinin kademeli kloritlesmeleri konusunda aydinlatici bir-
kac bilgi vermek yerinde olacaktir.

Diyabazin temel mafik minerali yesil hornblend, bir piroksenden
itibaren olusmustur. Plajiyoklazin kloritlesmesinden ¢ok daha son-
ra sirayla bu amfibolden MgO lu eriyiklerin etkisiyle su mineraller
meydana gelmistir:

1) ince, pleokroik aktinolit igneleri yanisira kalsit

2) Tremolit

3) Klinoklor.

Geleneksel optik ve difraktometrik metodlar yukarida so6zii
edilen Fe-Mg minerallerinin tayini igin yeterli degildir. Hornblend
klinoklora doniisiinceye kadar kimyasal bilesimi farkli ara-terim
amfibolleri vermektedir. Ancak, s6z konusu amfibollerin kirilma in-
dislerinin mutlak degerlerinin tesbit edilmesi sayesinde kimyasal
bilesim hakkinda bilgi sahibi olunabilmistir. Ca ve Fa-Mg amfibol-
lerinin bilesimleri ve kirilma indisleri arasindaki baginti Sekil 5 de
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TREMOLIT AKTINOT | —1— AKTINOT
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Ca,Mg_Si,0,,(0H), Ca,Fe Si,0,,(OH),

Sek: 5 : Aktinot-tremolit serisinin kimyasal bilesimi ve kirilma indisleri
arasindaki baginti grafigi

gosterilmistir.

Baska deyisle:

n,n.n = f.Fe/(Fe+mq)

Kirllma indisleri bilinen sivilar yardimiyla yapilan dlgmelerde,
hornblend, indisleri ve formiili asagida gosterilen bir aktinolite d6-
nigmiistir (Sekil 5A).

n, = 1,662 + 0,002
n. = 1653+0.002 (2V=-85°)
n = 1,642 +0,002

CaZ(MgO.SB Fe+20.47)5 SiSOZZ(OH)Z

MgO'lu eriyiklerin etkisiyle bu yeni mineral biitlin gegis terim-
lerinden sonra daha magnezyumlu aktinolit veya tremolite doniis-

mis, bunun yanisira kirillma indislerinde diigme goriilmistdr. Klo-
rittesme safhasina yaklagmis tremolitin degerleri ise: (Sekil 5.0)

n, = 1,648 + 0,002
n,=1638+0.002 (2V=—80°)
n, =1,624 0,002
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Kimyasal bilesim;
Caz(Mgo.74 Fe+20.26)5 Si8022(OH)2
Kloritler siiphesiz ofisferitlerin en 6nemli minerallerini teskil

ederler. iki ayri grup mineralden itibaren sirayla soyle kristalles-
mislerdir.

1) Fennin, metasomatik doniisiimlerin baslangi¢ safhasinda
plajiyoklazdan

2) Klinoklor ise daha ge¢ ve amfibolden itibaren olugsmustur.

Bununla Fe-Mg silikatlarin metasomatik eylemlere Ca-silikat-
lardan daha dayanikl olduklari anlasiimaktadir.

Optik olarak bu iki kloriti ayirmak gligtiir. Debby-Scherrer, Gan-
dolfi ve Guinier kameralari yardimiyla ve X-isinlarinin diffrak-siyo-
nu ile s6z konusu minerallenin tayinini gergeklestiren asagidaki
degerler tesbit edilmistir.

Pennin Keinoklar
dA® /1, dA° /1,
14.30 60 14.30 70
7.19 100 7.12 100
4.80 100 463 70
462 20 3.56 80
3.60 100 2.834 40
2.88 60 2.648 10
2.60 30 2.548 80
256 40 2.435 70
2.45 40 2.379 50
239 30 2.255 50
2.27 20 2.000 70
2.05 20 1.883 40
2.02 40 1.823 40
1.900 10 1.732 20
1.842 30 1.660 20
1.732 5 1.566 40
1.678 5 1.535 80
1.585 40 1.502 40
1.542 20 1.461 10

1.508 10 1.411 10
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OFiSFERITLERIN KIMYASAL ETUDU

ikisi bélgeli yapi gostermis, ligii homojen olmak iizere 5 ofisfe-
ritin ve bunun yanisira karsilagtirma mahiyetinde olmak lizere ana
diyabazin kimyasal analizleri yapilmistir. Bu ofisferitler:

1) OPH.1
Merkez: Hipidiyomorf orta taneli diyabaz. Hornblend, bolgeli
pJajioklaz (An,, ) klinopiroksen.

35-56

Kenar. Ayni doku, plajiyoklas kloritlesmis, aktinolit, kalsit.

2) OPH.2

Merkez: intersertal dokulu diyabaz. Klinopiroksen, hornblend,
plajdyoklaz; prehnit damarlari.

Kenar: Ayni doku, aktinolit, klorit, pirit, ilmenit, sfen, apatit
(Sekil 2a).

3) OPH.3

Tamamen kloritlesmis. Bolgeli yapi kaybolmus, homojen go-
riiniste, intersertal dokulu ince taneli, klinoklor pennin, mg-klorit,
apatit, ilmenit, pirit, sfen.

5) OPH.5

intersertal dokusu muhafaza edilmis. Mg-aktinolit, klorit, zoizit,
klinozoizit, sfen, pirit, apatit.
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al,fm
¢.alk904 OPH. 1
107 k,mg,w
Kenar
704 fm Y L1.4
.
60+ . Merkez 1.2
Anz B
50+ Jiyabaz L
m
40+ mg 4L§_~ mg 08
30+ c 0.6
204 ._ﬁ al 0.4
) c l‘_:__'___a al
104 "" w 0.2
alk
| kEF——F.k ¥k
o s T 1 I T 1 -.- D
60 80 100 120 —Si

Sek:S Kimyasal analizi yapilris iki ofisferitin  kenar ve merkezsel
bolgeler! arasindaki Niggli parametrelerinin dedisimini ve

ana diyabazla karsilagtirilmasimi  gdsterir diyagram.

al ,fm
c .alk 90 OPH.2
: 3
704
604
k,.mg,w
504 1.0
dAnba *
iyabaz
0 ’ 0.8
304 0.6
204 0. 4
104 0.2
0- T J-o
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OFH.1 OPH.2 OPH.S OPH.4 OPH.5 AnaDiya.
Kenar merkez kenar merkez
Sio, 39.88 46.82 39.70 47.30 31.3.9 41.03 4355 4890
ALOQ, 12.47 13,74 1504 17.00 8.21 15.95 14.07 15.47
Tio, 0.65 0.66 0.60 0.57 1.05 1.33 0.81 0.70
FeO 6.72 7.25 6.59 5.85 4.32 9.90 9.51 7.24
Fe,0, 247 2.87 2.29 2.84 8.60 2.65 0.98 2.21
Ca0o 7.46 10.46 7.32 11.88 0.65 10.36  11.70 11.40
MgO 19.52 12.00 19.20 8.90 31.30 1194 1207 7.58
NaO 0.81 1.64 0.82 1.99 0.10 0.10 0.10 2.86
K,0 0.10 0.27 0.10 0.10 0.10 0.38 0.24 0.31
MnO 0.26 0.19 0.21 0.17 0.43 0.22 0.18 0.15
P,O, 0.02 0.06 0.03 0.04 0.08 - - 0.05
H,0 8.69 3.69 7.82 2.88 1299 5.30 5.90 2.48
CO, 0.41 0.44 0.39 0.56 0.34 0.37 0.38 0.43
Toplam 99.46 100.34 100.25 100.36 99.94 99.53 99.49 99.78

KiIMYASAL ANALIZLERIN YORUMU

Analiz sonuglan bolgeli yapi gosteren ofisferitlerin kimyasal bi-
lesim yoniinden benzer olduklarini ortaya koymustur. Diger taraf-
tan:

1) inkluzyonlarin merkez bdlgeleri son siitunda belirtilen ana di-
yabazla es kimyasal ve mineralojik bilesimdedir.

2) Kenar bdlgeye MgO ve H,O katkisi olmus fakat CaO, SiO,,
AlLO,, K,O0 ve Na,O gibi oksitler serpantitali hamura degigik oran-
larda atilmiglardir.

3) Toplam demir oraninda 6nemli degisiklikler olmamis, sadece
kloritlesme biitiin kayag biinyesini sardigi zaman Fe O, serpanti-

nitten alinmistir.
4. Tio,, P,0,, CO,, MnO gibi tali oksitler bu degisimlere 6nemli

2%
sekilde katilmamislardir.
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SONUG

Ofisferitlerin metasomatik dontistimleri konusunda li¢ sorunun
aciklanmasi gereklidir:

1)Doniisiimlerinsebebinedir?
2)Nezamangergeklesmistir?
3) Ayni ana kayagtan tiiremis olmalarina ragmen bazi ofis-

feritlerin digerlerinden ¢ok farkh morfoloji, mineraloji ve kimyasal
bilesim gostermeleri nasil aciklanir?

Ofisferitlerin es merkezli bolgesel yapi kazanmalarinda rol
oynayan sorumlu tek etken, kokeni MgO ve H,0 bakimindan ze-
ngin eriyiklerin dolagimi olan tamamen metasomatik bir eylemdir.
VUAGNAT (1953) tarafindan ileri siiriilen bu hipotez glinimiizde en
gegerli olandir.

Bazik dayklarin ultramafik igine yerlesmesinden sonra ser-
pantinlesmenin yanisira, gerek ultramafik gerekse dayk kirilmaga,
parcalanmaga baslamistir. Bliylik bir ihtimalle bu catlamalar
sirasinda ve daha sonra H,0-MgO bakimindan zengin bir sivi faz
kendini gostermis, dayk ve ana kayag i¢inde dolasim yer almistir.
S0z konusu sivi faz diyabaz dayki lizerinde magnezyum metaso-
matozu gergeklestirerek, ofisferitler ana kayacinin biitiin mineral-
lerim kademeli olarak kloritlestirmistir. Bu donligimleri agsagidaki
tablo ile 6zetlemek miimkiindiir.

PLAJIYOKLAZ — KLORIT (Pennin)

(Klinozoizit, zoizit, sfen olusumu)

1cifaz HORNBLEND — AKTINOLIT + (Kalsit)
AKTINOLIT — Mg- AKTINOLIT
2 cifaz Mg-AKTINOLIT — KLORIT (Klinoklor)

Geg olusumlar Kalsit. Pehnit, Klorit

Alplerdeki ofisferitler igin bazi yazarlar tanimladiklari ink-
lizyonlarin merkezsel bolgelerinde olaganiistii (% 15-18) CaO bu-
lundugunu ve bu oksidin bir ¢ok Ca-silikatin kristallesmesine yol
actigini ve soz konusu oksidin piroksenlerin serpantinlegsmesi ile
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aciga ¢iktigini dolayisiyle, disaridan ofisferit biinyesine girdigini il-
eri sirmisglerdir. Bu olay Toroslardaki etiid konusu ofisferitler igin
gecerli degildir. Clinkii, kimyasal analizler ofisferitlerin merkezsel
bolgelerinde CaO bakimindan bir zenginlesme olmadigini ortaya
koymustur. Bu bdlgedeki klinozoizit, zoizit, stefen ve kalsit gibi
Ca-minerallerinin kristallesmesi plajiyoklazin birinci fazda klorit-
lesmesiyle agiga c¢ikan CaO sayesinde olmustur. Kloritlesme so-
nucu dis bolgede %4 CaO ve %819 SiO, fakirlesmesi gorilmistir.
Merkezde bu oksitlerce kayda deger bir zenginlesme goriilmedigine
gore, onlarin serpantinit hamuruna atildigi kabul etmek gerekmek-
tedir. Disari atilan bu oksitlerin hacmi serpantinite oranla ihmal edi-
lecek derecede kiigiik olmasina ragmen, ofisferitlerde ge¢ olusmus
prehnit ve hamurda goriilen kalsit kristallerinin meydana gelmes-
ine yol agmis olabileceklerini diigstinmek yersiz degildir.

Es petrografik kokenli olmalarina ragmen inkliizyonlarin degisik
sekilde donlisiimlere ugrayarak farkli morfolojik mineralojik ve
kimyasal 6zellikler gostermelerini asagidaki faktorlerin degisimine
baglamak mimkindiir:

1) Ofisferitlerin MgO-H,0 eriyiklerinin etkisinde kalma siireleri,
2) Bu eriyiklerin MgO-H,0 tenorleri
3) Eriyiklerin dolasim hizlar

4)Donilisiim reaksiyonlarinin gergeklesmesi igin gerekli ve uy-
gun Basing ve sicaklik kosullar

5) Tektonik hareketlerin siddeti

6) Mafik ve felsitik minerallerin orani

7) Doniigtimlere ugramis diyabaz pargalarinin boylari.
8) inkluzyon ana kayaci doku ve graniilometresi.

Bazi inkluzyonlar digerlerine nazaran daha geg¢ yerlesmis boyle-
likle ofisferitlesmeye hig veya ¢ok az ugramis olabilirler.

Tektonik hareketlerin siddeti eriyiklerin dolagimini kolaylastir-
mada kiigiimsenmeyecek rolleri vardir.

Doniuisim fazlan sirasinda olusan yeni minerallerin bollugu,
ana diyabazin ilkel mineralojik bilesimine baghdir. Dolayisiyle dis
ve merkezsel bolgeler arasindaki hacim orani degisebilecektir.

Goruliyorki yukarida belirtilen faktorlerin her biri ofisferitlerin
olusum bugiinkii goériiniiglerinden sorumlu etkenlerdir.

Yayina verildigi tarih: 1.6.1973
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TURKIYE JEOLOJi KURUMU BULTENI YAYIN KURALLARI

Tirkiye Jeoloji Kurumu Biilteninde yayinlanmak izere gonderi-
lecek yazilarin agagida belirtilen nitelik ve kurallara uygun olmalari
gereklidir.

NITELIK
Yazilar Yer Bilimlerine yeni bir katkisi olan orijinal ¢galisma veya
elestirili derleme (critical review) niteliginde ve simdiye kadar yurt
ici veya disinda yayinlanmamis olmalidr.

YAZILARIN DiLli

Yaz, Tiirkge, ingilizce, Fransizca veya Almanca dillerinden yal-
niz biriyle yazilmis olmalidir. Yazi Tiirkce ise "0z" hem Tiirkge ve
hemde adi gegen dillerden biriyle yazilmaldir. Yazi yabanci dilde
yazilmis ise ayni dildeki bir "0z"iin den baska, Tiirkge bir "0z"ii ve
bir de "Ozet"i bulunmalidir.

YAZILARIN PLANI

Yazilar olanaklar oraninda su boliimlere ve ayrintilara gore ha-
zirlanmahdir.

Baslik ve yazar adlari ile meslek adresleri, 6z, metin, sonuglar,
Ozet (gerektiginde), bibliyografya, ekler (varsa).

BASLIK VE YAZAR ADLARI VE MESLEK ADRESLERI

Baslik yazinin konusunu kisaca, acgik ve yeterli bir sekilde be-
lirtmeli ve biyik harflerle yazilmalidir. Yazar adlari bir alt satirda
unvansiz olarak kiiglik harflerle yazilmalidir. Bunu izleyen satirda
da yine kiiglik harflerle yazarlarin meslek adresleri, idari veya aka-
demik makamlari gosterilmeksizin belirtilmelidir .
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Oz (ABSTRACT)

0z'de sadece sonuglar kisaca belirtilmelidir. Kisa notlar disinda
biitiin yazilarin bir 6zii bulunmalidir. Oz, yazarin bilinenlere gercek
katkisini yansitmalidir. Oz genisletilmis bir "icindekiler cetveli” ni-
teliginde olmamali, yazinin ne hakkinda oldugunu degil, neyi an-
latmak istedigini belirtmelidir. Konu hakkinda énceden bilinenler-
le, yapilan ¢alisma arasinda bir karsilastirma yapilmamali, 6ziin
bildirici niteligi goz 6niinde bulundurularak "bu tartisilmigtir”, "su
incelenmistir”, "su sonuglara varilmistir” gibi yan ciimleler kulla-
nilmamaldir. Yazinin igindeki levhalar, gizimler veya graflara atif
yapmaktan kaginilmalidir. Oz, acik ve kolay anlasilir bir tislupta ya-
zilmali ve kisa ciimleler tercih edilmelidir. Oz'iin uzunlugu 300 keli-
meyi gegcmemelidir. Kisacasi, bir 6z en az kelimeyle, en agik dille, en
¢ok bilgiyi vermegi amac edinmelidir.

METIN

Bir yazi "Girig" ile baglamali, tartismalar (varsa) ana metnin so-
nunda ayr bir baglik altinda verilmelidir.

GIRIS
inceleme alani veya diger bir konunun yerini, zamanini ve éne-
mini belirterek baslamali, birlikte ¢aligsanlara ve emegi gecgenlere
tesekkdirleri, ayni alan veya konuda yapilan énceki ¢alismalarin bir
Ozetini kapsamalidir. Ayrica kullanilan yontem ve iglemler, izlenen
siniflama ve diger kabullerden de girigte sozedilmelidir.

Ana Metin

Ana metin yazinin cinsine, yazarin bagl oldugu ekole ve diger
bir takim 6znel dlgiilere gore farkli bigimlerde olabilirse de agagida
belirtilen hususla- rin gézoniinde bulundurulmasi gerekir.

Metin i¢i basliklar

En ¢ok dort derecede olmalidir. Dordiinciiden ileri derecede me-
tin igi bolimleri parantezli rakamlar, aha kiigiik boliimler ise paran-
tezli kiclik harflerle gosterilmelidir. Ancak sistematik bashklarin
kullanilmalari kendine 6zgii bir durum gostereceginden bu sinirla-
maya girmez.
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Birinci derecedeki basliklar biyiik harflerle yazilmal ve satirla-
rin ortasina getirilmelidir. ikinci derecedeki baslklar kelimelerin ilk
harfleri disimda kiigiik harflerle yazilmali ve gerekirse satirin orta-
sina getirilmelidir. Uglincii derecedeki basliklar, sol bastan basla-
mali ilk kelimenin birinci harfi biiyiik, digerleri kiigiik harflerle ya-
zilmalidir. Dordiincii derecedeki basliklar sol bagtan baslamali ilk
kelimenin ilk harfi biiyik digerleri kiiclik yazilmali ve siyah yazil-
masi icin altlari ¢izilmelidir. Bu basliktan sonra nokta ve ¢izgi (.—)
isaretleri gelmeli ve bunlari metin izlemelidir,

Ornegin:

BIRINCI DERECE BASLIKLAR
ikinci Derece Basliklar

Ugtlincii derece basliklar

Dordiincii derece bagliklar. — Metin buradan devam eder.

1) Boliimler

a) Alt boliimler
Atiflar

Metin iginde yapilacak atiflar su iki 6rnekten birine uygun olma-
hdir: "Raman formasyonu dort tyeye ayrilmistir (Workman, 1965)".
"Workman (1965) Raman formasyonu dort liyeye ayirmistir”. Atif
bir baska yayin iginde atif geklinde bulunuyorsa, miimkiinse dnce
orijinal yazara atif yapilir sonra parantez iginde bu atifi aktaran ya-
zar belirtilir.

Ornekler: Lebling'in Gakraz civarinda Liyas'tan s6z ettigi bilin-
mektedir, (Lebling, 1932: Charles, 1933 den).

Eger orijinal yayin bilinmiyorsa:

...... Lebling'in Cakraz civarinda Liyas'tan sozettigi bilinmektedir
(Charles, 1933 den).
Dipnotlar

Dipnotlar, basim iglerini zorlastiracak ve okuyucunun dikkatini
ana konudan saptiracagi gozoniinde bulundurularak, olanaklarin
elverdigi oranda az kullanilmaldir. Dipnotlar birden fazla ise biitiin

metinde sira glider sekilde numaralanmali ve bulundugu sayfanin
hemen altina konulmalidir.
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Stratigrafi adlamalari
Metinlerde gegecek biitlin stratigrafi terimlerinin, Tirkiye Stra-
tigrafi Komitesi tarafindan hazirlanmis M.T.A. Enstitiisi yayinlarin-
dan "Stratigrafi Siniflama ve Adlama Kurallar” (1968) 'iIna uygun
olmasina c¢ahlsiimahdir.
Paleontoloji adlamalari
Bu konuda "Code International de Nomenclature Zoologique,
XV. Congres International de Zoologie: Int. Trust Zool. Nomenc-
lature, London 1961" kararlarina uyulmalidir. Verilen fosiller de su
sira gozetilmelidir:
Protozoa
Foraminifera
Radiolaria
Tintinioidea
Chitinozoa
Metazoa
Spongia
Coelenterata
Anthezoa
Tabulata
Hydrozoa
Vermida
Bryozoa
Brachiopoda
Annelia
Mollusca
Sceaphopoda
Lamellibranchiata
Gastropoda
Cephalopoda
Arthrapoda
Trilobita
Branchiopoda
Ostracoda
Myriapoda
Insecta
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Echinodermata
Echinoidea
Cystonidea
Holothuriodea
Stomocorda
Graptolita
Tentaculita
Vertebrata
Cins : Latince olarak, italik harflerle ve dik harf biiyiik
olarak,
Tir : Latince ve italik harflerle ve tamamen kiigik harf
olarak yazilmahdir.
Yazarin adi  : Biiyiik harfle baglamali, tarih ondan sonra konul-
mahdir.
Alt-Familya : Familya ve daha yiiksek topluluklar: Latince ola-
rak ve ilk harf bliyiik olarak yazilmalidir.

Ornek:
Diizen (Ordo) : Fusulinidea Rauzer , Cernousova ve Fur-
senko 1959
Ust - Familya - Fusulinidea Moller, 1878
Familya : Ozawadnellidea Thompson ve Foster, 1937
Cins ((Genis) : Pseudoendothyra Mihailov, 1939
Alt - Familya : Staffellinae Mikluho Faklay, 1949
Tir (Espes) : Pseudoendothyra struvei (Moller)
Uslup (Stil)

Uzun, karmasik climleler ve parantez i¢i diigsiincelerden olanak-
lar oraninda kag¢inilmahdir. Biitiin uluslararasi nitelikte oldugundan
yazilar herkesin anlayacag bir sadelikte yazilmalidir. Tirkce
yazilan yazilarda yabanci terimlerin Tiirkge karsiliklar varsa kul-
lanilmaldir, gerekirse, metinde ilk olarak kullanildigi yerde Tiirkge
terimin yanina parantez iginde yabanci dildeki karsihgi yazilmahdir.
Elestiriler nesel bir diizeyde tutulmali, asla kisisel tartigsmalara yer
verilmemelidir.

Tartismalar

Ana metinde acik¢a ve ayrintili sekilde belirtiimeyen, fakat
tartisiimasinda yarar umulan yoéntemler, verilerin glvenirligi



112 YAYIN KURALLARI

ve karsilastinlmasi, kabuller ve buna benzer hususlar ayr bir
"Tartigmalar” bashgi altinda toplanilabilir. Bazi durumlarda
tartismalar "Sonuglar” kisminda ele alinabilir.

SONUGLAR

incelemelerden elde edilen sonuglar ana gizgileriyle ve 6z olar-
ak "Sonuclar” béliimiinde belirtiimelidir. Onceden sdz edilmeyen
hususlar bu bolimde yer almamalidir. Agikhgi saglamak amaci ile
sonuglarin maddeler sekinde verilmesinde yarar vardir.

OZET (SUMMARY)

Esas itibariyle 6z gibi hazirlanmakla beraber bazi tartismalari
ve bunlarin muhtemel sonuglarini kapsayabilir. En ¢ok alti yiiz ke-
lime olmalidir.

BIiBLIYOGRAFYA
Metin iginde gegen her yayin "Bibliyografya” bolimiinde veril-
meli, metin iginde gegmeyen yayinlar bu boliime konulmamalidr.
Verilen bibliyografya bilgileri su sirayi izlemelidir: Yazarin soyadi,
adlarinin bas harfleri, yayinin yapildigi yil, makalenin adi, yayinin
adj, cilt ve veya sayl no.'su.

Ornek:

Zeschke, G., 1954, Tiirkiye'deki fluorit zuhurlar hakkinda: Ttirki-
ye Jeoloji Kurumu Biilteni, V, 171-178.

Kitaplar igin su bilgiler verilmelidir: Yazarin soyad,, ilk adinin ve
diger adlarinin bas harfi, yayinin yapildigi yil, kitabin adi, baskisi,
yayincinin adi, yayinin yapildigi sehir, kitabin toplam sayfa sayisi.

Ornek:
Weller, J. M. 1960, Stratigraphic principles and practice. Harper
and Row. New York, 725 s.

Bibliyografya alfabetik olarak diizenlenmelidir. Soyadi dik-
kate alinarak ayni yazara ait yayinlar yayin tarihlerine gore ken-
di aralarinda siralanmalidir. Kigisel (yazi ile veya sozlii olarak)
gortismelere yapilan atiflar, metinde parantez icinde verilmeli, fakat
"Bibliyografya" boliimiinde belirtiimelidir. Bibliyografya bilgilerinde
imla, yazi adi, sayfa numarasi gibi hususlarda yanhs yapmamaya
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buyuk titizlik gosterilmelidir. Karisikhga yer vermemek igin yayin
adlarinda yapilacak kisaltmalar olanaklar oraninda az tutulmahdir.

Latin harfleri ile yazilmayan dillere ait bibiyografya'da yazar adi
Tiirkge okunusuna gore veya belirtilen bir standarda gore veril-
melidir. (TSE., A.B.D. Kongre Kitaplidi. Afnor v.si).

EKLER (APPENDICES)

Metin igine alinmasi dikkatin dagilmasina sebep olacak, uzun
ve referans niteligindeki bilgiler 6zel hallerde makalenin sonunda
"Ekler" bashgi altinda verilebilir.

Ornegin: Istatistik bilgileri, lokasyon koordinat cetvelleri,
formdillerin ¢ikartilmasi, v.b. gibi.

FORMATLA iLGiLi ACIKLAYICI BILGILER

Tirkiye Jeoloji Kurumu Biiltenine ve diger adlar altinda ¢ika-
cak yayinlara kabul edilecek yazilar 28x21.5 cm boyutlarinda, kaim
daktilo kagidinin bir yliziine, kagidin doért tarafinda en az iki buguk
(2.5) cm bosluk birakilmak sartiyle, daktilo ile yazilmahdir. Sayfalar,
sira glider sekilde numaralanmalidir. Yakilar gizim ve fotolari da-
hil, biri orijinal, biri kopya olmak Uzere iki niisha halinde gonderil-
melidir. Yazilar gift aralikla yazilmali, 100 daktilo sayfasini gegme-
melidir. Metin ile ilgili gizimler, siyah-beyaz olarak, boyutlari 13x20
cm'ye indirildigi zaman kolayca goriilebilecek bir sekilde, aydinger
kagidi izerine ¢ini mirekkep ile ¢izilmelidir.

Fotolar parlak kagida kontrasli basilmis olmalidir. Grup halinde
basilacak fotograflarin bir takimi levha haline getirilmeli digerleri
tek olarak gonderilmelidir. Biitiin ¢izim ve fotograflarda mutlaka
cizgisel dlgek kullanilmahdir. Cizimler ve fotograflar lizerine sekil
ve cizelge No.'lari yazilmamali, bunar bir sayfaya sirali giiden bir
liste seklinde, agiklamalariyla birlikte daktilo edilip metnin en sonu-
na eklenmelidir.

Biitlin tek fotolar ve gizimler (haritalar dahil) metinde "Sekil"
olarak anilmali, grup halindeki fotograflardan "Levha" olarak s6z
edilmelidir. Sekiller, metinde anilma sirasina gore kendi aralarinda,
levhalar ve gizelgeler de benzer diisende numaralanmalidir.

Cizimler ve fotolar metin igcinde bahsedilen hususlari agik ve
secik olarak belirtecek nitelikte olmali, konu disi foto ve gizim ve
ayrintilardan kaginilmalidr.

Makalenin kisa adi ve yayina verildigi tarih belirtilmelidir.
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