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GEOLOGY.OF THE KARALAR-YESILER AREA,

NORTHWEST ANATOLIA, TURKEY

By :

. Richard D. Krushensky \
U.S. Geological Survey
and
Yavuz Akgay

and Erdogan Kara.ege.

Maden Tetkik ve Arama Enstitusu ‘ -
ABSTRACT .

Rocks éropping out in the Balikesir I 18 Cy¢ c4, -c,,, and 63 quad-
rangles of western Turkey consist, from the base up, of the following:

1) phyllite, marble, schists, and meta-claystone of probable Precambrian

or Cambrian age; -2) limestone of Middle Permian age; 3) sandstone a.nd
shale of Late Triassic age; 4) limestone of 4Late Jurassic age; 5) ande~
sitic, dacitic, a.nd_ ~rhyodac:i.i:j.c volcani‘c’ rocks of Neogene age; 6) lacu-
strine sa.;'zdstone and conglomerate of probable Neogene age; and 7)

. alluvium of Holocene age. The section is intruded by érpentinized
dunite stocks of probable Late Permian age, and intruded and locally

|

z metamorphosed by a granodiorite-quartz monzonite batholith and stocks
; )

i

- of rhyodacite and quartz latite of Neogene age.




*

Two pericds of folding and an intermediate period of thrusting ere
apparent even though no major folds have been recognized in the mapped
area, and only a few folds can be traced for more than a few hundred
metres, The first period of folding, probably during the ﬁiddle Permian,
gave rise to east-vest oriented folds in the regionally metemorphosed
sequence, A second period of fo;ding gave rise to northeast-trending
folds in the sandstone-shale sequence an& possibly similarly oriented
 £01ds in the metamorphic sequence. Both paleontologic and structural
_ evidence indicate the limestone units were later moved into the area
‘a8 lov-angle thrust sheets or as gravity slides, probably after the
- Jurassic. 'The northeast-trending roldg are relaeted in time to the intru-
sion of the granodiorite-quartz monzonite batholith and ;ay have been
produced by that intrusion in the early Neogene. The formation of -
extensive northeast-trending normel faults and the mineralization of
these faults by hematite, galena, sphalerite, chalcopyrite, and stibnite-
cervantite accgmpanied or shoftly followed the intrusion of the ba@holith

and related stocks.




INTRODUCTION

Location and eccessibilityv of the area

The mapped area lies in yhe province of Belikesir in the Biga
Peninsule of northvestern Turkey, approximately 220 xm southwest of
Istanbul, It is southeast of the provincial capital of Ganakkale., It
comprises the Balikesir I 18 Cys C)s do, and d3 quedrangles, and forms
a block bounded by lat 39°30'00", and 39°45'00" N. and by long 27°07'30"
and 27°22'30" E. The mapped area includes about 600 sq km. Major eﬁst-
west hiéhway 62 .crosses the ares and connects the provincial capital of
Balikesir k5 km east of the mapped area with the city of Edremit- 7 km
west of the area. FromAthis highway sll-weather gravel-surfaced or dirtA
roads lead to the principal villages in the northern half of the ay
quadrengle, the nofthern quaerter of the c), quadrengle, and the western
half of the 62 quadrangle. Other areas are serviced by a few dirt-
surfeced oxcart roeds, generally péssable iA the dry season by M-vwheel-
drive vehicles. Extensive areas, including some villages, are reached
by foot trails only. ‘ ‘

" Major parts of the quadrangles lie within the Kalkim and Edremit
National Forests. Deforested upland areas and the National Forests are

commonly used for grazing., Perhaps 20 percent of the mapped area is

used for growing olives, fruit, grein, and vegetables.
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The x;xa;pped area (hereafter called the Edremit map erea) consists
chiefly of well dissected but essentially youthful upland, cut on the
western side in the d; quadrangle by the alluvium-filled valley of the
Eévra.ngayi (g'eyi, rivér). Broad ridges with well-integrated drainage
ché.racterize' the area. Fla;t, undissected uplands are restricted to
:small areas on the southern margin of the d3 quadrangle, to Kocagal
"Tepe in the north-central part of the d3 quadrangle, end to the south-
east corner of the d, quadrangle. Relief is only moderate, the -most.
extreme being about 550 m between 1007 m at the top of Ayl gediZi (gap)
and 450 n at B&g Kopra (kdpri, bridge) in the northvestern ;uarter of the
d2 quadrangle. Similar relief over a shorter lateral distaﬁce is present
in the southeastern corner of the 6.2 quadrangle where the gina.rli Dere
(dere, creek) cuts e mass of limestone. The dg, most of the d,, and the
southwestern corner of the ), quedrangles lie in the watershed of the
Bavrangayi and drain to the Aegean Sea. The northern part of the 62
quadrangle drains“to the Sea of Marmaras via the Gonem;ayi, and most of the

remainder of the map erea is drained by the Kocagayi to Kus Golu (g81n,

lake) and the Sea of Marmara.




Pfevious work

Early geologic studies that included thé Edremit map area were of
& reconnaissance nature and produced only highly generalized maps of
small scale (Te;:hihatcheff, 1867, scale 1:2,000,000; and ‘Philippson, 1918,
scale 1:3,700,000). Studies by Kaaden in 1956, Topkaya in 1947, and
Kovenko in 1945(?), utilized 1:100,000-scale base meps. The resulting
geologic maps are held in thé archives of MTA; they are highly generalized
and explanatory notes for the maps are not available. Kaaden (1959) conm-
bined parts of these maps and published them as a simplified compilation
at 1:250,000. Recently Gﬁ‘;mi§ (1964, scale 1:65,000) and Aslaner (1965,
scale 1:50,000) studie.d parts of the present map area.

Geologic studies of nearby areas of particular interest include
those of Erk (1942), in the Gemlik area; Avgen (1956), in the Balya area;
Erguvanli (1957), and KalafatgioZlu (1963), in the Ezine area;-and Schuiling

(1959), end BingSl (1968), in the Kazdaf area.

Purpose and method of investigation

- The Balikes:lr“I‘ 18 c1,4ch, dy, and d3 quadrangle.s were mapped as part
of a cooperative program between the Maden Tetkik ve Arame Enstitusii (MTA)
and the U.S. Geological Survey (USGS) during the period March 1968 to
June 1970, under the auspices of the Government of Turkey and the Agency
for International Develorment (USAID), U.S. Department of State. The
- general purpose of the project was to demonstrate the value of guadrangle
geologic mapping in delineating mineralized areas, define stratigraphic
and structural relationships of significance in recional mrapping, and help

determine factors controlling the base metal mineralization and emplace-

ment of iron.




Field work began in April 1968, uti.lizing_lz25,000-scele paper base
maps. Aerial photographs, ;cue 1:20,000, were made available in mid-July
1968 and used thereafter. Field mapping of t.ho.e'd3 and the western two-
thirds of thé ) quadrangle was conducted by Krushensky and Kareege with
the field assistance of H. Filibeli, T. Soyder, H. Erturkfin, and Wolfgang
Hilger from April through October 1968. Krushensky and Ak¢ay mepped the
d, quedrangle, part of the c, quadrangle, and vi;th Karaege finished the

), quadrangle, and Karaege mepped most of the ¢, quadrangle from April

1
through October 1969, Geolqu vas transferred by inspection from aerial
photographs to paper topographic base maps thsat .vere compiled by photo-
grammetric methods and nrinted for the Turkish General Ma'o Directorate.
Petrogrephic studies included the examination of about 600 thin

gsections and compa.rison of nurerous chenicel and spectroscopic enelyses.

Acknowledements

-
-
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GEOLOGIC SETTING

The Edremit map area lies.on the southeastern flagk of the Kazdeg
nmassif and, according to Brinkmenn (1968, p. 112), is well within the zone
of the North Anatoli;n rise. This megastructural featﬁre of northern
Turkey extends for more than 150 km in & north-south direction end for
more than 1000 km along the Bleck Sea coast. Structurally it includes
the Serbo-Macadonian massif of Greece, Bulgeria, Romania, ;nd Yugoslevia,
and the Transcaucesian massif of Russian Armenia (Brinkmann, 1968,

. P 112-113), The Kazda® and Uludag massifs (fig. 1), domelike structures
cheracteristic of the old core areas in at least the western part of the
North Anatolian rise, consist of regipﬁally metamorphosed sediméntary
rocks—=now aﬁphibolite—facies schists and gneisses, serpentinized ultra-
mefic rocks, and orthogneissic silicic igneocus rocks, a2ll of possible
Eérly Paleozoic or Precambrien age. K These cores are separated from over-
lying 1ov-grade-regionally ietamorphosed schist, phyllite, and qnartzité
by a major thrﬁs; fault (Bing8l, 1968, p. 95, 117). The low-grade meta-
morphic rocks are, according to Bingdl, stratigraphic equivalents of the
cores, thrust onto the cores from peripheral areas, These regionally meté-
morphosed rocks are flanked and partially overlain by Upper Paleozoic and
Mesozoic sedimentary rocks (Erk, 1942, p. 227-23h; Kaaden, 1959, p. 20;
Brinkmann, 1968, p. 113-11k; Aygen, 1956, p. 75-79) and by Cenozoic

pmarine, lacustrine, and volcanic rocks and slluvium (Erguvanli, 1957,

Po 49-52; Kaaden, 1959, p. 23-24; and Kalafatgioflu, 1963, p. 65-66).




-

The ar;a of the North Anatolien rise has been intruded by little-
known, Lower Paleozoic or possibly Precambrian orthogneiss (possibly
palingenetic gneiss) (Kaaden, 1959, p. 24) and by middle Carbonifercus,
Permian, and Paleogene ultremafic and silicic plutonic rocks (Kaaden, 1959,
Do 2?; Kalafatgioflu, 1963, p. 66-68; and Cogulu ﬁnd Krurmenacher, 1967,

p. 828-829), The area has been affected by probable Precambrian (Schuiling,
1959, p.. 89; Brinkmenn, 1968, p. 112), middle Carboniferous to Permian
(Kaaden, 1959, p. 30; Schuiling, 1959, p. 89), and early Paleogene folding

(Cogulu and Krummenacher, 1967, p. 827; Pinar and Lahn, 1955, p. 28).

STRATICRAPHY

Rocks in the Edremit map area include low-grade schists, phyllite,
aﬂd quartzite of p*e-Late Triassic age; limestoﬁe of middle Permian ﬁge;
aaﬁdstone and shale of Late Triassic age; limestone of Late Jurassic age;
andesitic and dacitic and rhyodacitic volcanic rocks of Neogene age; ldcu—
strine sandstone,-;onglomerate, and saline deposits of probable Neogene
age; and allﬁvium of Holocene age. Serpentinized ultramafic rocks,
probably of Late Peggian age, granodiorite-quertz monzon;te, rhyodacite,
and dacite of Tertiary age intrude the sequence, |

Approximately 80 pércent of the mapped area is covered by volcanic
rocks; prevolcanic rocks crop out chiefly in the d2 quadrangle, the

northern half of the d3 quadrangle, and in the southeast corner of the

), quadrangle.

o5 o il




Pre~Tertiary svsten

Metamorphic sequencé of Kelabek

Metamorphic rocks in the area of Kalabak village are fherldest
rocks in the mapped area; they include acfinolite—chlorite schist,
quartz-rich phyllite, fanded marble, conglomératic quartz-rich phyllité,
actinolitic quartz-rich phyllite,.agtinolitic and chloritic metaquartzite
‘and metéclaystone. The sequence is well exposed in thg northwestern
corner of the d3 quadrangle near the village of Kalsbak, The dnif crops
‘out from 1.1 km south of the village to the morthern border of the quad-
rangle, ffdm the southwestern to the northeastern corne;’o?uthe dz'qugd-
. rangle, in the northwestern corner of the d, quadrangle, and from the eresa
of Qulfa Cukuru on the central eastern border of the 4 quadrangle-to the

north-central border of the c, quadrangle (pl. 1). The sequence is not

1
formally named because -contact relations with stratigraphically older
rocks are unknown in the area of study.

" The major part of the outcrop area of the metemorphic sequence of
Kalabak is éovered by pine forest and thickAsaprolite. As a result,
outcrops are scattered. The best outcfops ere in the ridge between
Kalabak and the northern border of the d3 quadrangle. There the rocks
consist of actinolite-chlorite schist, tremolite schist, guartz-rich
phyllite with biotite-rich shear surfaces, thin-layered marble in bdlack

metaclaystone, and actinolite-chlorite schist with isolated lenses of

quartz-rich phyllite.




«
The section in the southwestern part of the d, quadrengle is sirilar,
but the actinolitic and chloritic rock types are less common; metaclaystone
end quartz-rich phyllite become progressively more abundaﬁt foward the
northeast, Beyond.Elmacikﬁcﬂ'Sr. (ridgej chloritic and actinolitie rocks
are rare (h2 quad.). The sequence at the Begirke¢ mine (d2 guad,.) is
exceptional as it shows two 2-3 m-thick layers of actinolite-epidote schist
interbedded with thin-lsyered marble, mefaclaystone and quartsziotite
phyllite. Locally in the Gardak Burun (gidge) area (d2 quad.) the rock
" consists chiefly of actinolite schist and isolated lenses of gquartz-rich -
phyllite. The major rock type exposed in the d, qﬁadréhézé, however, con-
" gists of a darkegray, very fine grained, quartz-rich phyllite that shows
biotite concentrated on silky-appea:iﬁg fracture surfaces. The rock
appears to have been a very fine grained sandstone or siltstone in wvhich
the clayey iayers are memtamorphosed to bioctite, and the original quartz-
rich layers are felatively unaffect;d. The biotite-rich layers typicelly
show a crepelike or crisp appearance end a silken luster, The relative
amounts of énarfz and biotite are highiy variable; rocks much richer in
biotite range to biotite phyllite or iiotite schist, and rocks
richer in quartz range to mefaquartzite. This quertz-rich phyllite-biotite
schist-metaclaystone-metaquartzite sequence is also the dominant rock type
in the northwest corner of the d, quadrangle. Farther to the east, in the
area of Qulfa Qukuru, a herdsman's summer village on the mideastern border
of the d2 quadrangle, rock of the Kalabak sequence is less metamorphosed
and consists chiefly of metaclaystone and marble. Metaclaystone is used

here to describe a rock that shows crepelike fracture surfaces with a

silken luster,-but in which metamorphism has not significently altered




"
the original mineralogy or physical character of the very thin bedded
cley-rich rock, Both the metaquartzite and metaclaystone locelly, for
example, on the northern side of Kiygin Tepe (hill), on the northern end
'or,Yutburun, and élong the course of Bicki Dere near the contact of the
ﬁaldbak wi%h the Halilar Formation, show elongate and epparently stretched

but not granulated pebdles of quartzite,




Laterally discontinuous, very finely banded, light-gray marble crops
out sporadically from the area Just north of the village of Kalabsk as far
;s Firincik gedigi on the northern border of the 62 quﬁdrangle. in the
northwestern corner of the dy quadrangle, and locelly east of Tavgan Tepe
in the Qulfa Gulkuru ;rea (p1. 1). It appears irregulaily throughout the
section, and, with the exception of the area of the Baéirkag mine, forms
isolated blocklike masses withoui 1ater§l‘continuity. Qutcrops generally
show thicknesses of from 2 to'6 m and rarely, as ﬁear'the confluence.of the
BaEirkag and Bicki rivers, as much as 60 m. Characteristically the marble
. has sharp, crosscuttiﬁg lateral contacts with enclosing metaclaystone and
_quartz-biotite phyllite. The striké of foliation in the phyllite. and meta-
claystone génerally parallels banding_in the marble, but ‘foliation of the
schistose rock at the lateral contact is highly contorted. Outcrops in the
Firincik gedigi show irregular blocks of marble from a few centimetres to tems
of centimetres apart.. The shapes of adjacent blocks indicate that they werev
et one time a single mass. vExamination of the enclosing phyllite indicates
& progressive ;ontortion tovard the breek in the marblé’and a fillihg of
. the fractures with highly contorted phyllite. Metamorchism of the phyllite
to hydrogrossulerite is shown only in the narrowest parfs of breeks between
two different p;irs of limestone blocks. The garnet zone grades into
contorted, but otherwise typical phyllite via narrov zones of pistacite.
The noﬁrounded, abrupt, crosscutting contacts of the mardble bleocks and
enclosing schistose rocks and the evident movement of phyllite into fractures
between once unseparated blocks suggest thét the marble’hlocks are in the

first stages of boudin formation. The blocks were originslly exotic to the

environment, that is olistoliths, and probably emplaced by submarine




Marb'ie of the Kalabek sequence Just northeast of Kelabak includes
layers (t6.20 en) ruch thicker than the common thinly-~leyered ro.ck. Some
of these thicker layers show cavernous weathering along the entire length
of outcrop, but parallel layers that are megascopic_ally alike are not so
weathered. ‘Crude testing with dilute hydrochloric acid .indicates that
the cavernous-veathered layers are more calcareous and that those without
‘such wveathering are dolomitic. The layering, therefore, is compositional
and probably reflects original bed;ung. -

Marble in the Ba'éirkag nine area is unique in the mapped area because
there it is very thinly bedded, finely crystalline léyers_2'-1!.0 cm thick
interbedded with metaclaysfone, actinolite-pistacite échist, and quartz-
rich phyllite. There is no apparent tendency to form boudin. The lom:r_
grade of metamoi-phism indicated by the metaclaystone and the structural
competence of even thin bands of marble may indicate a lessening of the
effects of regional metamorphism and deformation toward the east and
nottheast. -

Actinolit;.c and chloritic schists ere green, pal.e—yellowish gfe'en,
and unctous where chlorite 1§ dominent, and p;.le-bluish gréen where
actinolite is dom:i;é.nt. Both rock types are streakeé and more or less
stained with limonite in ocutcrop.

Lov-grade pre-Triassic metamorphic rocks similar to those described
above have been reported by Aygen (1956, p. TO) in the Balya area to the
northeast, by Bingdl (1968) in the Kazdag area to the west, and by Aslaner
(1965, p. 6-7) ana Gumbg (1964, p. 14-36) in the Edremit area. The same
metamorphic rocks may also crop out in the Ezine~Ayvacik area at the
vestern end of the Biga Peninsule (Erguvenli, 1956, p. 48; Kalafatc’:io'élu,
1963, p. 62).
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Stud& of thin sectione indicates.that the metamorphic rocks of the
Kalabak sequence were derived from three mgin rock tyres, These are, in
order of predominance in the section, shaly, quartz-rich, and volcaniec,
These appear in outcrop sections as infimately interleyered mixtures of
two or three components.

| Quartz-rich and quartz-biotite phyllites consist of alternating
layers of generally fine grained xenomorphic quartz and sperse to rare
albite with layers rich in biotite. The duhrté-rich éhyllite differs fr&m
| the quartz-biotite phyllite chiefly in the lesser number of biotite-rich
leyers. Individual layers are sharply,demaiked both ‘because éf campoai-
-tional differences and because of graié size aifferénces; grains within
a single layer are remarkably uniform and unlike those of adjacent layers,

Biotite is present as microscopic, light-brown, pleochroic, very
thin and generally elongate and rounded plates having smooth margins,
Rarely it is poikiloblastic and has ragged margins. Lineation of the
elongate plateg.is moderately developed and foliation well develored.
Individua1>plates do not cut the plene of foliation at high angles. Very
finely crystalline quartz and sparse albite enclose the biotite and gen-
erally show & pronounced orientation of crystallographic exes., This
preferred orientation is much greater than that in the quartz-rich léyers.
The‘amount of biotite is difficult to estimate because of the geometry of
the plates and their small size, but the quantity of biotite is probably

less than 40 percent in even the most biotite-rich layers.

1k
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Quartz and sparse albite form xenomorphic prains which make up as

much as 95 percent of the biotite-poor layers. Indivi@ual frains are
small, 0.026-0,052 mm. Albite is generally untwinned, and quartz is non-
streined. Inclusions within the quartz end feldspar are r#re. Meta-
quartzite in thin section looks essentiaily like the quartz-rich phyllite
‘except that biotite is absent, Commonly the metaguartzite shows minor
poikiloblastic muscovite, and relatively large (0.3-0.4 mm) grains of
quartz, microcline, and plegioclase, The microcline ﬁhovs charecteristic
crosshatch twinning; the quartz is straiﬁed; and the plagioclase twinned
and argillized. These mineral grains show no granﬁlaxion’trails,AandAit
" 48 clear that mechanical degradation of these grainé'has not proceeded
far. The metamorphic rocks were apparently derived from.fine-grained

sandstone and siltstone with highly variable amounts of clay.

————

15

cint e




T '

Schistose rocks in the Kalabek secuence were derived from mixtures
of volcanic and quartzose rocks, or from veclcanic rocks slone, and consist
chiefly of actinolite schist, actinolite-chlorite schist, and actinolite-
quartz phyllite. Actinolitic schists show excellent foliastion and lineation.
Actinolite’ ranges from only feebly pleéchroic, colorless to green, to the
typical light-yellow green to blue green, and constitutes as much as T5

percent of the rock. It forms single, elongate, needlelike crystals or bun-

dles of slender crystals radiating from e point and lying chiefly in the
plene of folletion. Epidote, as much as 15 percent of the rock, occurs as
pistacite, and as clinozoisite, khe 1attér in the more scﬂiﬁtose end
actinolite-rich rocks. Elongation of the epidote is in the directiﬁn of
schistosity, but the migeral is very poorly crystallized. Chlorite, as |
much as 25 percent of the rock, occurs as poorly foliated masses between
the actinolite crystals, It is pale green end yellow green in plane-polarized
light, end shows either pale-yellowish-gray~birefringence or anomalous blue
colors; presumably it is prochlorite and penninite. Xenomoréhic quartz and
minor albite comprise froﬁ 20 to 75 percent of these rocks. Both are very
fine grained (-0.0Sme), but locally fhey form broad platy xenoblastic
crystals that enclose actinolite, epidote, and biotite. Locally actinolite-
chlorite-epidote and qpartz-albite lie in distinct bands. This banding msay
be the result of metamorphic segregation or possibly of original'sedimentary
bedding. Tourmaline, distinctive because of its relatively high relief

and merked colorless to deep-blue pleochroism under plane-polarized light,

is rare in the actinoclitic quartz-rich phyllite. Actinoclitic quartz-rich

phyllite with blotite is cormon, and rarel& contains detrital spinel
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surrounded by poikiloblastic cordierite, In one thin section, reaction
of spinel and silica has apparently gone to completion and only cordierite
is present. The presence of cordierite appears completely dependent on
ébé presence of detrital spinel, and together with the evident low meta-
morphig grade of the rocks,‘suggests both low temperature-pressure condi-
.; tions during formation as well as allack of shearing during and after
formation. -

Metaclaystone, that is, rock showing only minimel indications of
regional metamorphism, but with the silky fracture surface of phyllite,
closely resembles shale in thin section. The bulk of thelrock>consists
of clay-size materials and disseminated carbon, and it is éxtremely
‘finely bedded. Relic grains of quartz and feldspar to 0.02 mm constitute
perhaps 20 percent of the rock. Low-grade metamorphism is, however,
indicated by poorly crystallized poikiloblastic muscovite and pistacite
lying at high angles to the plene of foliation. Very thin (0.013-0.015 mm)
layers of fine;;;ained mscovite give the rock its characteristié silky
cleavage, Locally aiso the metaclays?one shows minute grenulated lenticles
of calcite that enclose actinolite crystals at high angles to the folia-
tion. Kone of thé poikiloblastic minerals in ihe metaclaystone appear to
pawé been rotated during or affer grovth, and the rock}shows no ﬁicrofolding
or other deformation of the foliation., The very low grade of metamorphism
and the parallelism of foliation in the metaclaystone with compositional
layering in enclosed marble, suggest that foliation in the metaclaystone

is in fact original sedimentary bedding.
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The chemistry of the actinolite—chlori£e schists and probably of the
actinolite quartz-rich phyllite suggests that the rocks vwere derived from
volcanic rocks. Metamorphism of these rocks has left no relic structures,
but the interlayering of thin beds of actinolite-chlorite schist with
marble and metaclaystone in the lower part.of the section exposed at the
southern end of the Bagirkag mine suggests that there, at least, the
‘original rock was a tuff.

The lower stratigraphic contact of tﬁe Kelsbak ;equence h;s not been
seen in the mapped area, and study of whgt eppears to be the same sequence
in surrouﬁéing areas has not revealed that cont;ct. Bingdl (1968) beiieves
" that the contact in the Kazdag massif, previously reported by Schuiling
(1959, p. 88) as an unconformity, is indeed a thrust fault in which low=-
grade metamorphic rocks, stratigraphically ecuivalent to the higher grade
core area, have been thrust over the core. The metamorphic sequence of
Kalabak is overlein unconformably by the Haliler Formation of Late

Triassic age im-the northwest corner of the d3 quadrengle and in the 4,

and ¢y quedrengles.
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Fossils have not been found in the Kalsbek sequence or its epperent
equivalents in surrounding areas; its age is thus known only as pre-Late
Triassic. Kaaden (1959, p. 19) has suggested that these low-grade meta-
morphic rocks be correlated with the Silurian~Devonian section in the
Isfanbul area because of lithologic similarities in the two areas, How;
ever, the Silurian-Devonian section in tke Istanbul area is unmetamorphosed
according to H. Pamir (MiA, oral commun., 1970). The distance between the
tvo arees, the lack of deteiled work in the 1nter§ening area, the lack of
fossiis in the Edremit area, and the extreme variability of the section
in the Edremit area seem good ressons for leaving the correlation of the
Kalabak sequence an open question., Brinkmenn (1968, p. 113) believes
that the metamorphic rocks of the 0ld core areas of the Kazdsg and Uludeg

'massifs may be of Cambrian or even of Precambrian age., If Bingﬁl'é
fhesis as to the age equivalence of the core rocks and the overthrust
low=-grade metemorphic rocks is correct, then the Kalabak sequence may
also be of Cagbfian or Precambrian age.

Limestone of Ayakli

Limestone of Middle Permian age that underlies lava flows of the
Hallaglar Formatién and is in fault contact with spparent Halilar F&rmation
is informally called the limestone of Ayskli, from the village of that
neme in the southeast corner of the c) guadrangle.

Outcrops are discontinuous and most are restricted to the vicinity

of Ayakli. Omne outcrop area, however, is also known from the village of

Kiclidere sbout 2 km south of Havran Just west of the mapped area., The

rock unit is not formally named because of the unknown nature of its

lover depositional contact.
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Outcrops are generally massive, derk- to medium-gray weathering dark
grayish brown on the fresh surfaces, fine- to medium—crystalline,'fossi-
liferous limestone. 'deaily the ﬁppe: part éf the section, exposed Just
north of Ayskli, includes some dark-grayish-brown, goarse-grained,
fossiliferous arenaceous limestone., Clastic grains consist of medium té
- coarse sand-size angular to subrounded quartz and minor hornblende with
some sparse clastic limestone, all in a very finely crystalling grayish-
brown limestone matrix, Both the limestone end arenaceous limestone near
Ayekli, and the limestone near Esi Burun and Geymene Tepe; locally consist
of little else but Foraminifera in a strikingly colored, bright-orange,
limy mud matrix, |

The limestone of A&akli is unconformably overlain by the andesitic-
dacitic lava flows of tﬁe Hellaglar Formation, The best exposures of
this upper contact Are seen near the top of Buyikasar Tepe 1.3 km north-
west of Ayakli, There the Hallaglar lies on an erosion surface.that‘cuts
across both tygnlimestone of Ayskli and the~Halilar Formation. The upper
contact is similarly exposed in the valley of the Malca Dere just éast of
Ayakli. The lowver contact is also well exposed in B&yﬁkas;r Tepe where
massive fusulinid:ééaring limestone mekes a very shafp contact with thé
underlying, nonfossiliferous, quartzose sandstone, This sandstone has
been mapped as Halilar Formation. Identification of this sandstone as
Halilar necessitates a thrust or gravity glide contact with the overlying
limestone of Ayakli. Outerops of the limestone of Ayekli west of the
mapped area are similar to those near Ayakli; that is, massive, dark

colored, and highly fossiliferous.
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Foraminifera collected by the writers from outcrops of the limestone
have been identified by R. C. Douglass (U.S; Geol. Survey, written commun.,

1970) as Clitacarmina sp., Geinitzina sp., Tetrataxis sp., Schwererina sp.,

‘Parafusulina sp., Yangchienia sp., Neoschwarerina sp., and Verbeekina sp.

These forms, according to Douglass, indicate a Late Permian/ sge for the
rock. Aygen (1956, p. T1=Th) in his study of the Balya area 32 km to the
northeast, notes an extensive bibliography about the Permian limeﬁtone of
that érea, and reports the following fusulinids identified by R. Ciry of

the University of Dijon: Neoschwagerina craticulifera (Schwager), Sumatrina

aff. S, pesuliensis Ozawa and Tobler, Schubertalls sp., Verbeekina verbeeki

(Geinitz), Sumatrina ennae (Voltz), Parafusulina sp., Polydiexodina sp.,

P. capiterensig (Dunbar and Skinner), Schwagerina sp., Stafella sp.,

Yangchienia tobleri (Thompson), and Stefella cf. S. hevmansensis (Ciry).

These together with the following brachiopods: Tschervschewia yvakowlewi

Stoyanow, Derbvia grandis Waagen, Neovhricodothyris caroli Cermellaro, and

Spiriferelline panderi var. buriensis Reed, suggest that the section in the

Balya area spans the entire Permian., Erk (1942, p. 34-6lL) in an elaborate
and intensive study noted similar lithologies that, on the basis of fusu-
linids and other fossils, also appear to span the Permian in the Bursa-
Gemlik area., Studies of the Permian section in the Ezine area by
Kalafatgioglu (1963, p. 64-65) show a section, from the base up, of con-
glomerate, sandstone, massive white limestone, black limestone, and over-

lying interbedded marl, clay, limestone, and sandstone., Limestone high

in the section conteins Clomospira sp., Neoschwagerina cf. N. craticulifere

Schvager, anrd Hemigordius, indicative of a‘Middle Permian eage, Xeaaden

(1959, p. 20) has also identified limestone of Middle Permien age in the

Orencik area on the basis of included fusulinids,

1/ North American usage; iiddle Permian of European usage,

-
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Haliler Formation

Tvpe localitv and distribution,--Sandstone and shale of late Triassic

age thet overlie the Kelebak sequence and underlie the Bagburun Formation
are here named the Haliler Formation. The type area is on the east side
of the KSktoyen Dere about 400 m north of the village of Halilar near the
north-central border of the d3'qnadrang1e; The type section of ihis forma;
tion is described in Appendix A. The Helilar has been informelly divided
into lower, middle, and upper meﬁbers. Both the middle and upper members
are vellgexposed in the type area. The format@on consiats,_fram the base
up, of basal conglomerate, conglomeratic and quartzose ar;;se, shale with
interbedded fine-grained sandstone, feldspathic sandstone, shaly sandstone,
and calcareous sandstone, all locally conglomeratic, The formation is about
630 m thick. ’

The best exposures of the middle and upper members are in the type
area, but exposures ere also good east of Orhan Dere sbout 2.km north of
the south-central border of the 4, quadrangle., Exposures of the formation
in the soutﬁern part of a northeest-trending belt that crosses the d2
quadrangle are good but discontinuous; Other areas of outcrop in the
northwest and northeast parts of the 62 quadrangle, the southeast guarter
of the ) quadrangie, and the northwestern part of the ¢y quedrangle are
poor because of heavy forest and deep s0il, The lower contact vi£h the
Kalabak sequence is well exposed in the northwest corner of the d3 quad-
rangle, and the upper contect with the BaEburun Formation is well exposed
in the area of Kurtluca Dere 2 km east of Koca§a1 Tepe in the north-central

part of the d3 qQuadrangle,
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lLower member.--The lower member of the Halilar is best expoéed in the

area west of Gakal Tepe in- the north-central part of the d3 quadrangle and
to the north in the 62 quadrangle. It consists chiéfly of pale—biown to
light-gray—brown,‘coarse- to medium-grained arkose a;d feldspathig(sand-
stone. Bbth are‘locally éonglameratic and contain cobbles and pebblgs as
much as 20 cm in diameter of quartzite, phyllite, and schistose rocks. The
conglomerate stringers are lenslike and do not extend for mbre'than a few
metres or tens of metres along strike.

A conépicuous basal conglomerate crops out in the norgpwest corner of
the dg quadrangle and locally along the Halilar—xalabak contact west of Bag
KSbrﬁ at the foot of Kuserlik Mvk. ridge in the north~cen£ra1 part of the |
d, quadrangle. The conglomerate is best seen in the east wall of the valley
of Alidede Dere about 200 m northwest of the point wh;re the éontact fault
between the Kalabak and Halilar changes strike and trends toward the north-
west. The conglomerate consists chiefly of angular to well-rounded boulders
and cobbles of é;;rtz-rich,phyllite, actinolite-chlorite schist, thin-banded
finely crystalline marble, and fine—grginéd metaquartzite. These are
enclosed in a variable amount of finer clasts of the same rock types;
rounded, coarse sand-size quartz, subrounded to angular feldspar, and abun-
dant detrital biotite and chlorite. Careful examination of all these out-
crops of conglomerate indicates that “granite® clasts identified by Kaaden
(1959, p. 21) are contained in a lithologically similar basal conglomerate
~ of Neogene age exposed south of Kalabak (d3 quad.). Thé physically more
resistant rock types are rounded and presumghly derived from a more distant

source, whereas the less resistant rock types are subangular to angular and

presumably derived from the Kalabak exposed in the immediate area.




Study of thin sections of the lower member shows as much as 4O percent
of engular to subangular intensely arégllized plagioclase clasts, as much
as 60 percent of rounded quartz clasts, and subordinate lithic clasts held
in‘a matrix composed chiefly of biotite and chlorite., Some sparse to rare,
generally.unaltered microcline and orthoclase are also presenf. Quartz
clasts generelly show trails of minute unidentified inclusions end many
show optical strain. Rounded lithic clasts c;mposed of argillized plagio-
clase and quartz are sparse.' Interestingly, however, the.quartzAin these
clasts also shows trails of inclusions, suggesting that the lithic and .
qnartz'clasts have tﬁe same source. Small rounded lithic clasts of
biotite schist, quartz-rich phyllite, and actinolite-chlorite schist are
.rare in most thin sections, but more common in sections teken from nearer
ihe base of the member. The matrix--as much as 20 percent of the rock,
but locally as little as 2 percent--~consists of irreguler, shredded-looking
biotite, some Pﬁnninite after biotite, and apparent prochlorite with miror,
very small grains of. quartz and feldspar. The biotite end chlorité are
commonly wrapped around individual clastic grains, and separate the clasts

one from the other. Rocks with a smell emount of matrix (less than 5 per-

cent) show individual grains closely packed but not intergrowm. .




Replacement of the matrix biotite and chlorite with generally fine-
grained xenomorphic quartz is common over wide esreas of outcrop of the
lover member, The-a;tered rock resembles metaquertzite teiturally{
Individual thin sections show that silicification proceeded outward from
fractures that cut the rock and were later filled with quartz., The process
of silicification can be observeé in the area of 2 single thin section,
Uncommonly, &s in the east-central part of the 4, quadrangle betwveen

Alanburun and Kiygin Tepe, both the matrix and plagioclase in lithic and -
mineral clasts are replaced, and the rock is 95 percent or- more qparti.
. Much of théllover member vas mapped by Kaaden (1959, prl. 1), Aslaner
(1965, pl. 4) and Gums (1964, pl. h).#s granodiorite.

Middle member.~-~The middle member of the Halilar Formatlon c¢rops out

in a highly faulted apd spparently slightly folded belt extending from
northwest of Kocagal Tepe in the d3.quadrang1e to the south-central part
of the d2 quadrgggle. The ﬁiddle member consists chiefly of dark, '
bluish-gray-we;thering, very fine grained, black shale interbedded ﬁith
medium- to light-brown, fine-grained sandstone., Tke beds of sandstone
thicken upward in_;ﬁe section (2-4 cm near the base, 15-20 cm and rarely
1 m nearer the top). Generally the beds show sharp bottom contacts and a
gradational contact with the overlying éhale. Medium~gray-brown or
yellowish-brown siltstone or mudstone crop out nearer the top of the
section. Most of the shale in the d3 qnad?angle, especially that near
Kedikaya and Kocagel Tepe, is pyritized end locally the interbedded sand-

stone layers are also pyritized,
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The contact between the lower anq middle members is exposed west of
Cakal Tepe, west of the normael fault that cuts the section there., Sand-
stone and arkose of the lower member grade over 5 m or less into black
ghale of the middle member. The lowest black shale is taken as the base
of the middle member. Contact with the upper member is best exposed about
250 m north of'Halilar in the ééstern wall of the Koktoyen Dere valley
(d3 quéd.). There black shale of the middlg member is overlain conform=-
ably with a very sharp contact by massive light-brown and light-reddish-
brown sandstone and arkose of the upper member.

Thin sections of shele from the middle member show o;iy rare very
fipe-grained quartz and,feldspar clasté in a mass of very thin bedded
carbonaceous clay. Interbedded sandstones consist chiefly of rounded to
subrounded, medium- to very fine grained quartz and clayey cememt,

Upper member.--The upper member is best exposed in the GolikSlen Mvk.

in the south-central part of the 4, quadrangle, in Sakerkaya Tepe about

1 ¥m north of the south-central border of the d, quadrangle, and in the

2

member in the Akpinar area consists of massive, coarse-grained, pale-brown

Axpinar Sivrisi (peak) area of the 4, and d; quadrangles. -The upper

sandstone, feldspathic sandstone, and minor arkose, all of which show num=-
erous conglomerate stringers; shaly arkose; coarse conglorerate beds
separated by thin shale partings; arkose; and calcareous conzlom;ratic
sandstone. Conglomerate generally forms thin, areally restricted lenses,
but one section of conglomerate is more than 16 m thick. Locally, in the
GolukSlen Mvk,, fine~ to coarse-grained, congloreratic, feldspathic,

biotite-chlorite-rich sandstone like that mapped as "granodiorite"” in

the lowver member, is interbedded with shale and siltstone.-
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Study of thin sections of the uppér member indicates a unit that
ranges from coarse to fine grained and ffom a quartz-rich sandstone to
& plegioclese~-rich arkose, both locally conglomeratic. The sandstone
layers are commonly finer grained, better sorted, and consist of as much
as‘BS percent of subrounded to rounded quartz, very minor plagioclase,
ragged, dark-brown biotite plates, and lithic quartzite clasts. The
cement 1s generally minor in amounf (5 percent or less) and chiefly
calcité. Plegioclase is invariably argillized and may bé partly replaéed
by the calcite cement. Feldspathic sandstone and arkose are lumped
together in the following discussion because they show thghéame charac=-
teristiﬁs; they differ chiefly in the amount of feldspar fresent. Both
are fine to coarse grained, generally poorly sorted, and highly variable
in the degree of rounding. Feldspar is chiefiy plagioclese and intensely
érgillized. Microcline with typical crosshatch structure is sperse and
generally unaltered. Feldsper comprises from 10 to 35 percent of such
rocks, Most of-the arkose and feldspathic sandstone in the upper member
contain a few percent of dark-brown, ragged-esppearing but commonly large
2-h mm) plates of biotite. Lithic clasts commonly consist of-quartzite
vith minor quartz-biotite phyliite, biotite schist, and marble. The
matrix comprises generally less than 10 percent of these rocks and con=-
sists of calcite and clay.

Examination of & chert outcrop near the middle of the upper member

shows an abundant finely crystalline silica mass with scattered round and

spiculelike fossil forms, ’ -
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Rock tentatively mapped as Halilar in the southeast and eastern part
of the c) quadrangle lacks fossils tha.t would prove the age of the unit.
Lithologically the rock looks much like the upper member of the Halilar;
component clasts are probably more angular, and the' content of detrital
chlorite and biotite is much less than that of the type Halilar, The
questionable Heliler in the c) quadrengle does, hovever, contain small
rounded pebbles of mica schist, phyllite, and larger pebbles of white
quartzite like those in the upper member of the Halilar Formation in the
413 quadrangle.

The Helilar Formation is unconformably overlain by the Bagburun -
Formation and the contat;t is well exposed in the .area of Kira.nba_ Tepe

about 1 km eest of Sarnigkay, in Asar Tepe farther to the east along the

valley of Degirmen Dere, all in the d3 quadrangle, and near the village

of Q‘ulf‘a (;ukum in the d2 quadrangle.
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Fossils collected by the writers from the uppermost shaly sandstone
of the lover member of the Halilar Formation have been identified as

Placites sp., Septocardia sp., and Cassianella sp. by N. J. Silberling

(U.S. Geol, Survey, yritten COmmun., 1969) and Oxycolpella Dagys,

apparently O. oxvcolvos (Emmrick) of the Rhaetian Stege Upper Triassic,

by R. E. Grant (U.S. Geol. Survey, written commn., 1969). Placites

is a diagnostic form for the ﬁiddle or upper Norian (Upper Triassic); and
the other forms elso indicate a Late Triassic sge for the unit. The

| writers have not found any identifiable fossils in the middle member, but

_ Keaden (1959, p. 21) reports Rhynchonella arpadica Bittner, R. concordize

Bittner, Halobia sp., Daonella sp., Pbsidonomva sp., and Neritopsis sp.,
all according to Kasden, of Late Triassic age. Black pyritiferous shale
apparently identical with that of the Edremit area has been reported by

Aygen in the Balya area. There the shale contains Halobia neumayri also

of Late Triass{s age, The ﬁpper member of the Halilar Formation presenﬁs
some problems‘iq age assignment, The writers have collected numbers speci-
mens of Septocardia sp. of Carnian and Norian age from wheat we believe to
- be the upper membér of the Halilar just northwest of Kedikeva., We found

no other fossils. Kaaden (1959, p. 22) reports collecting Pecten (varisrussium)

aff, P. purmilium from a sandstone section north-northeast of Indnli Koy (d3

quad.). He correlated this section with others a few tens of kiloretres to

the north, just south of Terzialani (fig. 1) which conteined forms iden-

tified as Atractites sp., and Rhacophvllites sp. {probably R. limetus Gemm),

and consequently he assigned the sandstone-conglomerate section, here
called the upper member of the Halilar, to the Lover Juressic, Kaaden

(1959, p. 21), hovever, also considered the shale sections in the Balya
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and Edremit ereas to be equivalent, but ‘the sandstone and conglomerate

concordantly overlying the shale in the Balya area contain Macrodon

Juttensis Pichl., Rhynchonella leventina Bittner, R, belisna, Perramidia

eumenea Bittner, Posidonomve perpemena Bittner, Misidioptera sp., Meralodus

8p., Schefhautlia menzavinii Bittner, Spirirerella cf. S. emmrichii Suess,

Terebratule (Rhaetina?) turcice Bittner; according to Aygen (1956, p. T6-TT)

these fossils are of Worian (Late Triassic) age. To the north, between
Igdir and Gemlik at the eastern emd of the Sea of Marmara, Erk (19L2,

p. 69=T1) reports a Triassic section composed, from the base up, of sand-
stone, conglomerate containing distinctive blue limestone pebbles, yellow
sandstone, and caslcareous sandstone. The lower sandstone contains Halobia

stryriaca Mojs., Terebratule sp., and Rhynchonella sp., all of Late Triassic

age,
Limestone of Kbgacal Tepe

~

iimestone,'ﬁbre informally-called limestone of Kogacal T;pe from
abundent outérops in the hill of that name in the northern central part
of ﬁye'd3 quadrangle, crops out as diséontinucus, generally erosion-
resistant masses in a belt extending from Kocacal Tepe to the northeast
corner of the d3 ouadrangle, in a generally steep-sided tableland in the
southeast corner of the d, quadrangle, as a second but smeller belt of

discontinuous masses in the Qulfa Qukuru area, and as small bosses on

the northern border of the ¢y quadrangle,

-
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Outcrops are generally massive, white~weathering, white to pale-
gray-brown or light-gray on fresh surface, very finely crystalline or
dense limestone, All outcrop areas are cut by closely spaced irregular
fractures filled with vwhite, pale-browvn, or hematite-red calcite, Frac-
turing is more closely spaced and fracture fillings are more deeply
colored nearer the base of the exposed section in any one area. Move-
ment on the fractures was apparently minimal as thére is no rounding of
the uneven fracture surfaces,

The section exposed along the Havraﬁgayi where that river cuts Kocacal
Tepe is tﬁpical of much of the middle and upper parts of the section. 4The
" limestone in Kocagal Tepe consists of three poorly differentiatédAzones:
the lowest consists of well-bedded (15-25 cm) limestone with abundant to
sparse, generally angular, fossil fragments set in a medium-gray, limy mud;
the middle part of the section becomes progressively lighter colored and
more massive upward, until bedding is no longer seen. Beds in the lowe:
part of this middle section range from 15 cm to 3 m 4in thickness, and tﬁe
rock consists of pale-gray~brown or very éale gray, very finely crystalline
to dense limestong,. The upper part of the section exposed in Kocegal Tepe
is a pale-grey-brown to white calcarenite in which generally rounded clasts
(1-3 mm across) of dense limestone are set in a very abundant, finely
crystalline to dense limy mud. Locally, in Kocagal Tepe outcroprs and in
the limestone mess in the southeast corner of the dp quadrangle, the lime-
stone contains common to sparse accretionary oolites, that is, oolites
consisting of a massive dense nucleus surrounded by one or more layers of
coarsely crystalline calcite. The oolites are set in & very abundant
finely crystalline to dense limestone matrix. The quantity of oolites,

novhere more than 40 percent, and their very small size, are probably

insufficient to cell the rock an oolitic limestone.

31




.

Bedding is not present in most of thg outcrops of the upper part of
the limestone of Kocegal Tepe. However, outcrops near the base of the
section south of Saskarkaya Tepe (southern border of dz)- and between
‘Akpinar Sivrisi and Ustunluk Mvk, (northern part of ds3) show well-bedded
limestone. Individusl beds are demarked by parting surfaces that extend .
for tens of metres,‘and locally for a few hundred metres; locally bedding
is indicated by color, grain size, and weathering. The lowest beds in
the Sa#arkaya Tepe section show smooth rounded bowl-shaped derressions
+15 cm across, a few centimetres deep, and spaced about 5 cm apart.
These depreséions appear to be primary bedding features. —k few centi-
metres above these beds the limestone appears to consist of a coarse
.conglomerate, but examination of the rock indicates very abundant amronites
;n & subordinate amount of calcarenite matrix, Similarly bedded limestone
is present in the Akpinar Sivrisi area and other outcrop areas to the south
toward Sarnigkdy. Ammonites, although present in these latter areas,
are much less abundant.

The lihestone of Kocagal Tepe is overlain by other rocks only in the
Balliéak Tépe area about 2 km south of Sarningy vhere a small mass of
tﬁe limestone, perhaps 200 m across, is in part overlain by andesitic
lava of the Hallaglar Formation. The lower contact is here interpreted

as a low=angle thrust fault and is discussed in the section on structural

geology.




Ammonites collected by the writers from outcrops on the west side of
. Ustunluk Mvk., northeast of Sarni;kSy, and from the cliffed exposures south

of Kocagalduzd Mvk. (southeast corner, d,) have been identified by R. W.

Imlay (U.S. Geol. Survey, written commun., 1969) as Perisphinctes

(Arisphinétes) cf. P. (A.) plicatilis (Sowerby), Sowerbycereas cf. S.

tortisulcatum (d'Orbigny), and ngoceras'sp. These fossils indicate a

Late Jurassic, probably Oxfordian age for the rock. Belemnites collected
are, according to Imlay, of pate Jurassic age. Aslaner (1965, p. 46) reports

Phylloceras sp., Holcophylloceras sp., Hecticoceras sp., and H. aff. H.

puncatum, and representatives of Pseudoperisphinctinae, Lytoceratidae, and
Trachyceratidae from outcrops apparently identical to the limestone of

‘Kocagal Tepe in the area north of Edremit.
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Bagburun Formation

Name and distribution.--Greenish-gray and yellowish—gfee# lava, tuff,
and volcanic breccia that unconformably o;erlie the ﬁalilar Formation and
are disconéorma$iy overlain by the Hallaglar Formation or structurally
overlain b§ the liméestone of Kocagal Teﬁe, are here named'the Bagburun
Formation. The type locality is the ridgé of the same name near the east-~
central border of the d2 quadrangle. Oﬁtqrqps of fhe formation within the
" mapped area are discontinuous; the unit is poorly exposed, and confine§ to
. the northern half of the d, quadrangle, the southeastern é;arter'df the
'62 quadrangle, and the western border of the c; quadrangle. Fairly good

exposures are present in the type area, south of the village of Sarnigkay,

and in the upper reaches of the Degirmen Dere in the northeast corner of

the d3 quadrangle. Rock of the Bagburun Formation in the mapped area is
invariably prophyllitized; that is, more or less replaced by chlorite,
calcite, pistaciie, and pyrite. Prophyllitization of the rock prevents
meaningful chemical analysis and hinders the assignment'of the rock to a
particular rock type or to a particular formation.
_ section
The formation was measured in the thickest,known, that exposed in

the Bagburun Ridge. The Bagburun Formation is about 189 m thick in the

type area (Appendix A.).




Petrography.--The entire section is prophyllitized. Hornblende is

recognized chiefly on the basis of its elongate needlelike crystal form
and cross sections; pyroxene is identified by its sh§rt thick crystal form
and the characteristic shape of the crystals in cross. section. Both
hornblende and pyroxene are ccqﬁnonly replaged by chlorite, limonite, and
possibly calcite. The rocks ;ﬁmppear highly argillized, and thé matrices of
the breccias disintegrate into a granular mass rath-er. than fiaci:izre when
the rock is .broken.

In areas of even more intensely altered rock the absence of key
minerals and, locally, of overlying rock makes the identification of the
rock and its assignment to a particular formation difficult. Outcrops
in the Kizilkiran Mvk. in-the northwest corner of the d3 quadrangle,
good example, are 95 percent or more replaced by silica. Sparse embayed
quartz phenocrysts, pseudomorphs of limonite after hornblende, and thin
plates of white mica, apparently biotite léached of iron, are the only
remaining identif;;ble traces of the former. rock. Nearer the southern
border of the Kizilkiran outcrop area the rock is less altered, and
' consists of gray-green and yellowish-green lava with abundant pseudomorphs
of chlorite and limonite after hornblende, sparse chalky plagioclase,
biotite, and embayed quartz phenocrysts, all characteristic of the
Bagburun Formation. The characteristic gray-green lava also crops out
just east of the village of Sarnigkoy, but cutcrops in and south of the
village consist entirely of volcanic breccia. The clasts range in color
from black to light-greenish yellow, and in texture from sparsely to
abundantly phenocrystic. The variation in color and texture in the clasts
suggests that the rock is not an autobrecciated lava flow, but rather a

mudflow deposit composed of volcanic debris. Other variations in the
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section are seen just north of Germe Tepe in the southeast corner of the

&, quadrangle. The section just.under the limestone of Kocagal Tepe there

shows eutaxitic structure typical of welded ash~flow tuff.‘ All phenocrystic

minerals other thaﬁ quartz have been altefed beyond positive identification

in the hand specimen; plagioclase shows a chalky white honshiny fracture

‘surface, and the mafic mineralslare'indicated by granuiar masses of chlorite

and limonite. Much of the rock shows the>yellow-greep color of pistac;te.
Thin section study of the rock of the Basburun Formation commonly

- shows plagioclase, hornblende, biotite, aﬂd quartz, and rarely pyroxene

or sanidiné, all in a highly argillized fine-grained matrix. Lava and

‘tuff are easily distinguished on the basis of broken angqlar crystals in

the tuffaceous rocks and whole crystals in the lava flows. Sanidine and

quartz invariably have rounded and embayed shapes, but in the tuffaceous

rocks fresh uncorroded fracture faces are also seen on these minerals.

-
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Plagioclase is commonly completely replaced by calcite, by a combina-
tion of qalcite and penninite, or less commonly by pistacite. All plagio-
clase not replaced is thoroughly argillized;'locally within individual
phenocrysts, evidence ‘of albite twinning remainsg, and tﬁe plagioclase is
both opticélly positive and shows a lower index than balsam. It apparently
ranges from albite to oligoclase. Sanidine forms small, clear, and
unaltered, generally rounded and corroded crystals in both lava flows
and tuffaceous rocks. It doés not exceed 10 percent in those rocks, but
its presence as phenocrysts probably indicates additional potassium feld-
spars in the matrix. The rocks are therefore probably be;; called dacite
or rhyodacite. Hornblende, in all the 45 thin sections studied, is com-
Pletely replaced. Most commonly it is indicated by‘pseudgmorphs of chlo;ibe_
or calcite rimmed witp iron oxide granules. Rarely it is repiaced by chlorite
and pistacite. Hornblende is indicated by typical amphibole cross sections.
Pyroxene, apparently augite, is only rarely present in the nonquartz-
sanidine-bearing rocks. It is largely replaced by calcite. Biotite, recog-
nizable onlf because of its distinctive six-sided outline, is replaced by
irregular granules of iron oxigde. Loéally it is rep;aced by penninite,
pistacite and calcite. Lithic clasts, although not easily recognized in
the field, are present as small (less than 4 mm), generally well-rounded
grains near the base of the section and as angular clasts in the £ufface0us
rocks. They consist of quartz-biotite phyllite like that in the Kalabak
sequence, and quartzite like that in the underlying Halilar Formation.
Matrices ofAthe least altered rocks in the BafBburun are invariably
argillized and commonly partly replaced by'calcite in even the most dense
and fresh-appearing rocks. Commonly the matrices are also replaced by

finely crystalline chlorite or chlorite and calcite, less commonly by

Pistacite and calcite. Pyrite is sparse and only locally present.
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Contacts and age.--The contact of the Ba§burun Formation and the over-

lying Hallaclar FormationA is generally poorly exposed because of the ease
of weathering of the Bagburun. However, the contact is well exposed in
Kiranba Tepe east of Sarnigksy where an erosion surface cuts across both
the Bagburun and the underlying Halilar Formation. Exposures of the con-
tact in the northeast cornér of the d3 quadrangle show the Hallaglar lying
on an erosion surface cut on the Bagburun. Within the mapped area it is
not possibie to prove or disprove that the Bagburun had been folded prior
to the eruption of the lava flows of the Ballaglar. Thus the nature of
the Bagburun-Hallaglar contac; must await further study. B

Where the Bagburun Formation is overlain by the limestone of Kocagal
Tepe the contact is a t@rust or gravity gli@e fault,.and it is discussed
later in the section on structural geology. It is of interest to note,
however, that breccia at the top of the Bagburun and immediately underlying
the limestone in the Kara tarla area northeast of Sarni;k3§ and in Bakcak
Mvk. south of Séinigké& shows a bright-red color that gradually dies out
at about 10.m depth from tﬁe contact. Breccia in the reddened zone is
generally finer than that immediately-underlying, and contains angular
fragments of the overlying limestone. The reddened breccias may represent
soil horizons d;veloped prior to the emplacement of the limestone.

The lower contact with the Halilar Formation is well seen in.the
Kizilkiran Mvk. where the Bagburun fills valleys and lies on the sides
of hills eroded in the Halilar. Nonfaulted contacts of the Bagburun and
the Halilar Formations in the d, and the Bagburun-Kalabak contact in the
Sy quadrangle indicate deposition of the Bagburun on a southeast-sloping

surface cut on both the Halilar and Kalabak.
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Fossils have not beén found in the Bagburun Formation, and its
highly prophyllitized condition precludes radiometric age dating. As
it overlies the Halilar Formation, the Bagburun is at least post-Late .
Triassic._and as it underlies. the limestone of Kocagal Tepe, it pre-
dates the emélacement of that allochthonous limestone plate. In addition,
it almost certainly postdates the Late Jurassic age of the limestone as
the liyy sediments composing that rock probably were lithified prior to
_thrusting. The Baéburun is, therefore, probably Cretaceous or younger.
Previous workers (Gumds, 1964, pl. 4; Aslaner, 1965, pl. 4; Kaaden, 1959,
‘pl. 1, p. 30) did not recognize the stratigraphic and structural rela-
tionships of the Bagburun and Halilar Formations with the limestone of

Kocagal Tepe; and the Bagburun, Hallaglar and Dede Tepe Formations were

lumped by them into one unit.




Tertiary system

Hallaglar Formation

Name and distribution.--Rhyodacite and minor labradorite rhyodacite,

trachyandesite, and olivine trachyéndesite lava flows and minor flow-
breccia and tuff that disconformably overlie the Bagburun Formation and
the limestones of Kocagal Tepe aﬁd Ayakli and are disconformably overlain
by the Dede Tepe Formation are here named the Hallaglar Formation. The
type area is that of the village of Hallaglar near the east-central bor-
der of the d3 quadrangle. A section (Appendix A) was mgasured from.about
" _the junctidg of the Gelin Dere and the Kabaklik Dere to the contact with
the overlying Dede Tepe Formation on Kﬁ;akkiran Tepe about 800 m east

of Hallaglar. Where relatively unaltered, the Hallaglar can be seen to
consist of 90 percent or more of rhyodacite lava flows. Alteration of
the formation is pervasive and locally intense. The Hallaglar is about
300 m thick in Ehe type are$ and more than 350 m thick to the west in
the Buyuksari éepe area (d3 quad.). Areas of essentially 1) unaltered
rock, 2) completely silicified rock, and 3) argillized, silicified,

and pyritized rock have been separated on the map (pl. 1).
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The Hellaglar Formation crops oué as two irregular bands in the
;outhern half and along the northeastern border of the d, quadrangle,
over ell but the northwest corner and western border of the ¢ quadreangle,
and in the’southeastern corner of the d> quedrangle. Areas of relatively
unaltered Hallaglar lie chiefly in the northeast quarter of the ¢} quad-
rengle and extend up into the centrel part of the c quadrangle; a major
area lies south of the Egmir mine, and irreguler discontinuous patches lie
in the southern half of the d3 qua@rangle-and southeastern quarter of the
c), quadrangle. Areas of complete silicification are commonly, &lthough
_not invariably, associated with faults or high ridges o? pesks, The

largest such area lies along the ridge on which the Egmir mine is located.

Other patches lie southeast of the Egmir mine and across the southern

half of the d3 quadrangle, All other areas of outcrop are highly altered.




Descrintioh.--ﬂelatively unaltered Hallnélar is characteristiceally
medium to dark gray or reddish brown, and contains common to abundant
vitreous, pale-yellow plagioclase phenocrysts, shiny, black to derk-brown
biotite, and dark-green, partly altered pyroxene phenocryéts. The metrix
is cormmonly partly‘altered and granular Appearing in even the least
altered rock; rarely, as in the Kdyllice area (d3 quad.), it is black and
very dense, The black color of the unaltered matrix is derived from
finely crystelline magnetite, and thet of the altered rock from fine-
grained hematite., Flowbanding is common. Andesite flows in the Kue
" Sapci area of fhe northeast corner of the ¢) quadrangle and extending up
into the ¢y cuadrangle are atypical in that they show altgfnating'bands
of pale-pink and light-gray rock. Otherwise they are much like the
typical Hallaglar. Flow-breccia, that is, volcanic breccis formed by the
fracturing of the cooled crust of a moving lava flow and the mixing of the
crustal clasts with the still fluid lava, is common at the tops of flows
in the central part of the cy quadr;ngle. The breccia is flow-breccia
rather than a mudflow deposit, as the clasts show a common texture, color,
and mineral composition, and they are mineralogically like the matrix,
which locally shows flow banding. |

Unaltered dacitic lava flows, although rare in the Hallaglar Formation,
are locally dominant in the Karagam Tepe area in the east-central part of
the c), quadrangle. These flows are typically medium to dark gray brown
and reddish brown. They contain common to sparse, generally sltered
chelky-vwhite plagioclase; sparse, derk-brown biotite; sparse, partly
eltered, prismatic hornblende; rare, dark-green pyroxene; and sparse,
rounded and embayed quertz; £ll in a very fine grained hematite-bearing

matrix, See table 1 for anslyses.
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. Table 1l.--Analyses of the Hallaglar Formation ,

[Mothod used was a single-solution procedure (see Shapiro, 1967)
Analysts: P, Elmore, G. Chloe, J. Glenn, S, Botts, L, Artis,

J. Kelscy, and H. Smith; U. §.. Geological Survey]

Typical andesitic facies Dacitic facles | Feeder dike
Lab. No. | W72 W12, W17 w172 W1T2 | W12 W72 wiT2 | wire
- | 312 313 320 328 |38 330 327 | 325
masso| 0 By m wel o | me o | wy
510, 80.h  .52.9 55.6 59 L 5T.5 58,5 59.7. 59.8  5L.5 £
AL,0 18,0 163 185 162 17.0 ‘6.6 1.9 "2 a2 |
P03 | 31 52 ks k3 .53 k9 35 k5 LS '
FeO 21 3.1 24 L2 1k L2 L7 .80 L6 F
¥g0 2.2 34 LA 3.2 2.6 24 3.0 1.5 3.3 E
0 | 5.5 8L 65 63 59 6.2 59 k5 .80 E
NanO 33 29 k1l 3% 3.6 27 3.0 35 3.0 ;
RO | 22 2.6- 3.6 26 2.5 2.6 25 25 3.0 |
B0+ 35 .85 67 1.2 1.6 L2 L1 2.6 . .86 :
F,0- L7 L3 .33 L2 L5 L7 26 L9 .8 {
50, 9 .90 . .2 .59, T2 . 6% .56 .58 1.1 E
P,05 .30 W7 .53 .28 .31 .3 .22 .28, b9 ;
¥00 © .09 a7 a8 11 2 .12 W12 Lk .0k o
co, 05 1 .86 .06 .05 .08 - .05 .05 Ll |
"Total | 200 100 100 100 100 g9 ' 100 100 00 '
| - E
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Larée amounts of the outcropping rocks of the Hallaglar Formation
are partly replaced by calcite and are ergillized, silicified, and com-
monly pyritized., The content of lead and copper in the Hallaglar (teble 2)
appears directly related to the degree of alteration of the unit. Lead
in the least altered rock is 50-T0 ppm, in moderately altered rock 200-300
ppm, and in highly altered rock 500-700 ppm; exceptionally it is 3000 ppm.
Copper increases irregularly from 20-30 ppm in the least altered rock to
100-150 ppr in the most highly altered rock. The increase in lead and
copper with degree of alteration, the well-crystallized character of
kaolinite that constitutes as much as 60 percent of the altered rock
(P. Blackmon, U.S. Geol, Survey, writtem cormmun., 1970), and"the pervasive
pyritization of the altered rock, together indicate that hydrothermel
activity rather than surficial veathering was responsible for the alter-
ation. Outcrops of all but the completely silicified rock are very
easily weathered, pele-yellow or light-yellow-grey, earthy masses that
show chalky-whip? powdery pseudomorphs of calcite and quartz after plagio-
clase, The al;ered rock generelly shows no mafic minerals, but rarely
outlines of hornblende and pyroxene are indicated by soft, pale-green,.
limonite-stained,'chlorite pseudamorphs. Specimens ofvaltered Hellacler
taken fram outcrops not superficially weathered, chiefly those exposed by
recént landslides or in cliff faces, show abundant, very fine crystelline,
disseminated pyrite. Pyritization of the otherwise argillized and
silicified rock is common., Areas surrounding small intrusives, areas of
completely silicified rock, and the rock immediately underlying the
silicified rock are commonly devoid of pyrite. Fractures cutting these

areas, especially the completely silicified and underlying rock, are

lined with quartz crystals, and all show hematite-limonite thet ranges
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from thin films to thick crusts. The absence of pyrite in these areas
may bte ascrited to superficial weatherihg, tut more protably the pyrite‘
wvas removed and hematite deposited by solutions derived ffom local
intrusives and from the granodiorite plufon.

Areas’of the Hallaglar Formation mapped as completely silicified
are 98 rercent or rore quartz., Pseudomorphs of opaque, white granular
quartz after plagioclase are the only indications of the former texture
and nature of the rock. All traces of ma:ic minerals are lacking., Quartz
rhenocrysts in the originally dacitic rocks are preserved as rounded, clear,
vitreous quartz in a mass of finely crystalline quartz.. ;;ch silicified
dacite is best seen in the ridge north of the Egrmir mine, There, only
textures of dacitic tuff beds intercaiated with dacitic lave flows, the
alignment of the original plagioclase phenocrysts, and the original quartz
phenocrysts in the lava flows are preserved, Angular clasts of completely
silicified rock in the hematite ore‘at the Efmir miné show the same tex-
tures and vere'Eiearly derived from the same silicified dacitic rock.

Petrogiaghx.--Thin section study of the rock of the Hallaglar Formation
confirms the existence of the two maiﬁ rock types identified in the field;
that is, rhyodacite and dacite. The rhyodacite rocks show common to sperse
Plagioclase and sparse sugite and biotite in a generally abundant fine-

grained groundmass.
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Table 2. =Partial Saniquantitative mlc analyses of unaltersd and altered

andesitic and dacitic lava flows from the Hallaglar Pormation.

[Results are to be idestified with gecmetric brackets whose boundaries are 1.2,
0.83, 0.36, 0.38, 0.26, 0.18, 0.12, eto., but are to be reportsd as mid-poiats

of these brackscs, 1; 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, eta. The precisiom of s

.ps d vale is ap ly plus or wisus one bracket at §8 p aoafid

ar twe brackets at 93 psroent confidence. Asalyst: J. L. Barxis, U.S. Geological
Suxvey. B = ot datectsd, at limit of detection, or at value shown. L = detected,
ut belov limie of detarmination or below the valme showm. All values are

repeted in parcs pur allliom.)

..... ——mn age

< me.er 13y T2

rield Klemsnts reported ia parts per millicm

Lab. mo. o. |ag [N ce o »
w72 1%¢/
307 «“-4 | § Too »n 3 0
an %
209 P 1000 . M 3 7
mra 10/¢/ .
nli [ 0] 1 2000 2 ] 50
un e/
12 =1 1 4 .m k] 3 E ]
w7 Y. 74
n3 e 1 3000 10 s s
wan /8 —
us =1 L 1500 k] n .
mnr72 17/87
n7 “: 1500 » 3 7
mn72 19/¢/
1ne [ 2} 1 4 1000 n 3 ‘SO
nn2 1/
32¢ 8~1 | ] 1000 » 3 7
un v/
7 8~1 | ] 1000 » 3 70
wan e/
12 [ 2] 1 3 1000 »n 3 ”
an Y. .
330 8-1 1000 b 5 2
wun 18010/ -
E 3 8 -1 1A 1500 n 3 ”
an 10/8/ )
1ne “~2 1 700 pLl] 10 300
wan wes '
ns “w-2 1 2000 . 00
mr2 19%/¢/
320 =3 1 3 1000 00
an 187/
jas -2 1 4 1500
wra’  Taas T
3 -2 % 1500
wr 17/%
7 -2 L 2000 150
wrn 15710/
340 -4 1 - 1500 n 3 300
wn 18710
342 -3 7 1300 0 3 3000

Specimsas W172-307, 309, 111, 312, 313, 316, 17, 319, 326, 327, 329, 330, end M1
&re ssseatially unaltered andesitic md;tz:eluc lava flows from the Mallaglar Porma-
tiomy epecimens W171-310, 318, 320, 32!..)1.1. 340, and 342 are sltared to various
dogress) 113 Is from s feedar dike) 340 and 342 were collected from within $00 a

o€ the comtacts of the trondjesite stocks at Agejidemlar (4 quad.) end Derecres
14, qaad.}, respactively.
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Plaégqclase is labradorite (AnSBoh2)’ shows both continuous and
reverse zoning, and is éuhedral and commonly unaltered. Rarely it shows
marginal sieve texture, chiefly the inclusion of irregular masses of glass
like that in the groundmass. Plagioclase phenocrysts are commonly partly
resorbed in rock in vhich pyroxene microlites are common in the groundmass.
Pyroxene phenocrysts are sparse to common. Sections of even the least
altered rock show pigeonite partly replaced by chlorite and calcite.

Rarely augite phenocrysts are egglutinated into relatively large, granular-
appearing masses. Biotite is sparse to rare, and invériably ghows abundant
iron-oxide granules—-magnetite(?)=—on crystal margins, rarely throughout
the crystals. The groundmass commonly shows trachytic texture and con-
sists of abundant feldspaer and pyroxeﬁe microlites and sﬁall magnetite
crystals in a pale-green glass, The glass is partly replaced by cley in
even the least altered rock.

Dacitic lava fléws in the Hallaglar Formation have comﬁon to sparse
plagioclase, sparse hornblende, and rare augite, biotite, and quartz
phenocrysts'in a generally glassy groundmass. Plagioclase is andeéine-
labradorite (An56_30), has continuous and reverse zoning, is generally
unaltered, and euhedral. Both plagioclase and augite show sieve texture
in which irregular masses of the groundmass are included in marginal areas
of the phenocrysts. Hornblende shows parallel extinction, dark-yellow=-
brown to very dark reddish pleochroism, and is apparently basaltic horn-
blende. Biotite is crowded with iron oxide granules and is dark brown.,
Uncormonly the biotite contains skeletel ilmenite crystals., Ouartz
phenocrysts are generally clear and free of inclusions, but they are
invariably rounded and deeply embayed by the formerly fluid groundmass.

The groundmass of the dacitic lava flows consists predominantly of pale-

re
ereen glass with Sparse feldspar and Mmarnetite microlites,
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Thin“sections of altered rocks from the Helleglar show initial
replacerent of groundmass glass by clay, and the progressive replacement
of augite, hornblende, and biotite, in that order, by chlorite and cal-
cite., Plagioclase phenocrysts are replaced by calcite and minor chlorite,
but replacement is generally not complete until after the complete removal
of the mafic minerals. Large-scale replacement of the groundmass by clay,.
calcite, and chlorite appears only after the augite has been completely
replaced., Pistacite rarely appears as an alteration ﬁroduct; it is present
chiefly in the altered lava flows in the #alley of the Koy Dere Just east
of Egmir. Sections from thkis rock alsq show rare topaz. 'Careful,examina-
tion of the area, however, revealed nolindication of vegmatites or veins,
pneumatolitic or otherwise. Pyrite appears in the alteréd rocks only after
the mafic minerals and all secondary chlorite have been replaced. It ié
generally present only in altered rock having appreciable quantities of
clay, calcite, and quartz; and it is progressively removed as the gquartity
of quartz inchases. Rocks in which the pyrite is completely or partly'
removed show films and locally crusts of limonite-hematite on fracture
faces. In the early stages of replacement of pyrite, limonite is d}ssem-
inated throughout the rock. This, too, is removed as the guartz content
increases., Quartz replaces all the secondary minerals involved in the
alteration of the original rocks, and aéparently directly replaces
otherwise unaltered rock, ultimately resulting in a chertlike, very fine
greined, opaque white rock with pseudomorpvhs of coarser-grained quartz
after plagioclase and sparse quartz phenocrysts. The calcite-chlerite
pseudororrhs after plagioclase may be replaced directly by silice, or
they may be removed and the resulting cavities later filled by quartz,

as in the ridge north of Efmir.
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Contacts and ace.,--The Hallaglar Formation is overlain disconformably

by the Dede Tepe Formation; the contact is best seen in the valley of the
Karalar Dere in the southwest corner of the d3 quadrangle, There & valley
at least 600 m deep wes eroded into the already alt;red and partly silicified
Hallaqlar,.and subsequently filled with lahar deposits of the Dede Tepe
Formation.

Fossil material has not been found in the Hallaglar, ﬁut>é K/Ar
date of 23.6:36Am.y. (J.D. Obradovich, U.S. Geol., Survey, written commun.,
1971) on biotite from the Hallaglar indicates an early Neogene (middle

Miocene) age for the formation.

Dede Tepe Formation

Name and distribution.--Mineralogically similar lahar deéosits, ash-
fall tuff, and minor ash-flow tuff and lava flows of early Neogene age
that disconformably overlie the Hallaglar Formation are here .named the '
Dede Tepe Formééion. The type locality is in the area of Dede Tepe in
the southeastern quarter of the ds qngdréngle'southeast of the village
of Karaoglanlar. The tuffaceous and laharic upper part of the formation
18 excellently exposed in the type area, and the iaheric lover vart is
Vell exposed in the ridges between the village of Deredbasi and the top
of Karakege Tepe in the central southern part of the d3 quadrangle, The
Dede Tepe Fornmation crops out over much of the southern half and the north-
east quarter of the c), quadrangle, and as two irregular east-northeast-
trending bands in the southern third of the dy quadrangle. The unit is
Predominantly a quartz latite but also includes subordinate rhyodacite

8nd minor latite and rhyolite. See table 3 for analyses.
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" Table 3.--Analyses of the Dede Tepe Formation ..

{Method used was a single-gsolution procedure (see Shapiro, l9é7)
Aalysts: P, Elmore, G. Chloe, J. Glenn, S. Botts, L. Artis,
J. Kelsey, and H. Smit‘h.; U. S. Geological Surveyj
Lab. No. W72 W12 WiT2 W72 W173  W1T2 W72 WiT2  WiT2
Sik 323 . 335 315 792 333 336 331 332
Tield No. 13/6/ 1/7/ 22/8/ 13/6/ 21/8/ 14/8/ 10/9/ ég/g/ 12/8/

63-2 63-1 68-1 68-3 69-5 68-1 68-1 68-2
510, 66.2  66.3 6L8 6T  63.9 63.6 6L8 6hT  6h.3
Al,04 151 b 1k 164 15.6 ‘i7.o 16k 156 171
Fep03 3.7 L8 3.9 . 3.7 3.0 3.1 Ll L5 3.5
Fe0 52 Lb L3 .6k LL o, 64 L3 b .84
' ¥g0 1.3 L7 24 1.0 22 - .0 1k 16 1.2
c0 . 32 3.2 3.6 3.7 ka1 3.7 3.7 b6 3.6
Nay0 2.2 2.3 2.5 3.0 3.0 3.2 3.0 3.2 3.3
K50 " 2.9 3.6 2.9 2.7 .o ia.h 4.3 2.9 3.2
E,0+ L1 L5 27 .% 1.0 21 Lb .65 .75
‘Hé04 2.4 2.9 2,0 1.6 73 1.2 16 .5 1.
Ti05 .51 .38 | .26 S1 B8 .56 .55 S .50
P05 - 26 .29 .37 .30 .28 f 37 .7 30 .30
MnO 09 .08 .06 .09 .08 .05 .09 .10 .06
co, .05 .8 .05 .05 .2 .05 .05 .05 .05.
Total 100 100 99 99 100 100 100 100 100

Specimen 13/6/68-2 consists of a red lava, 13/6/68-3 of a welded ash-flow tuf?,
11/7/68-1 of a crystal tuff, 22/8/68-1 of a crystal-vitric tuff, 21/8/69-5 of a
bedded lithic tuff, 14/8/68-1 and 10/9/68-1 of iahar, end 12/8/68-1 and 12/8/63-2
of the coarse porphyritic iava that crops out locelly near Yurekli at the base of
the Dede Tepe Formation. '
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Lowe; vart.--The lower 250 m of the Dede Tepe Formation, as measured
betwveen Derecbasi and Karakege Tepe, consists predominantly of volcanic

breccia of quartz latite composition. The breccia is a mudflow composed

s i o1 R
e nv»—é‘.)qma ’m‘;

of volcanic detritus. These mudflows contain lithic clasts of various
colors, textures, compositions, and degrees of weathering and rounding,
ga.ll enclosed in a similerly mixed matrix. They leck sorting; bedding,
other than that resulting from deposition of one mudflow upon another, is

absent.
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The ﬁése of the section at Deregsasi consists of 15 to 30 percent
6: rounded to anguler lithic clasts, from 2 cm to 1 m on a side, in a
pale-gray tuffaceous matrix., Dark-brown to white altered andesite con-
stitutes as much as 10 percent, and characteristically densé to glassy,
angular, palefgray and white scoriaceous clasts constitute as much as
25 percent of the rock. Both the pale-gray lithic clasts and the
tuffaceous matrix show abundant to sparse, shiny, black hornblende,
vitreous plagioclase, and common to sparse gquartz, biotite, and potassium
feldspar. The white scoriaceous lithic clasts are composgg chiefly of
glass and are fragile and very angular. Both the pale-éray and wﬁite
lithic clasts are probably essentiel corronents, whereas‘'the andesite is
accidental and was derived from the underlying Hellagler Formation. The
andesite clasts show varying degrees of alteration from slight;y altered
to completely silicified. The extrgme angularity of crystal clasts, and
vhite and pale-gray lithic clasts, the mineralogic similarity of the
white and pale;;;ay lithic clasts and the matrix, and the massive
character of the deposits suggest that the detritus in the lower part of
the Dede Tepe Forration was exvlosively erupted and later moved into
hearby tOpograpﬁic lows as mudflow deposits, Similar cheracteristics are
8een in ash~flow tuffs, but thick deposits of such tuff commonly show at
least incipient welding of the finer glass shards in the matrix. The
Ratrix of these breccias shows no such welding, and significantly,

8hards are absent.
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Breccia higher in the section in-the DereGbasi area shows Apgular,
dense to glassy, pale-reddish~brown lithic clasts in addition to the

vhite and pale-gray lithic clasts, These reddish-brown clasts have flow-

banding, and make little or no contribution to the matrix, Lithic clasts

higher in the section range from 2 cm to 2 m on a side,'but the quantity

of large blocks is probably less than 1 percent of the breccia., Clasts
from 2 to 20 cm in diameter are typical and constitute as-muéh as- 20 per-
cent of the rock, Locally they weather out as & lag gravel on the

outcrop.
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Upper part.--The upper 2L6.4 m of the Dede Tepe Formation measured

from the Hallaglar-Dede Tepe contact on the Cakilli Dere to the top of Dede

.Tepe is typical of the uprer part of the formation in the c) and d3 quad-
rangles, apd consists chiefly of interbedded mudflow devposits and air-fall
tuff. The mudflow depbsits are much like those in the lower part of the
section near Derecbasi. Lithic clasts in this part of the section are,

in order of abundance, pale-greenish gray, white, and pale-reddish brown.
All show shiny, black hornblende, vitreous plagioclase, quartz, potessium
feldspar, and black biotite phenocrysts. The encldsing tgffaéeous matrix
consists of crystals of tﬁe same mineralé, angular fragments of sphene as
much asi6 mm across, plus very dense, pale~-green grains of devitrified
glass, The tuff ranges from very dense, porcelainlike clinkstone to the
more typical lapilli tuff., Crystal, lithic, and vitric or glassy components
are combined in various proportions in the tuff layers, but the dominant
types are crysyfl-vitric tuff, lithic-crystal-vitric tuff, and lithic~
vitric tuff, brysta;line clasts are characteristically unaltered and very
angular. They consist of the typical unaltered hornblende, vitreous
Plagioclase, quartz, potassium feldspar, and biotite. Lithic components
are the same types as seen in the interbedded mudflow deposits. The
ﬁimilarity of the glassy matrix in a particular bed to either the white,
Pale-gray, or pale-greenish-gray lithic clasts suggests that those clasts
are essential, Pale~reddish-brown lithic clasts are like the lava seen in

the measured section and may be either accessory or accidental ejecta.

54

" e
s

-

-




PR et v e e . P -
i I i

' Formation, and at least one of the clasts contained visible native gold.

Atypical ash-flow tuff.--The section just south of the Gakgedik Sr.

fs atypicel in that it consists of about 200 m of massive, partly welded
ash-flow tuff. The section there shows a lower pale-gray, very fine
grained, mostly vitric ash-flow tuff overlain disconformably by pale-
pink, partiy velded, very fine gresined, mostly vitric ash-flow tuff.

Each unit has a concentration of accidental lithic clasts nesr its base.
The basal accidentsl lithic clasts in the‘pale-pink tuff ere particulerly

interesting. They are altered andesite, apperently from the Hallaglar

Lava unit.--Pale- to light-brown, very coérsely cr&stalline lava that
weathers tova coerse grus, crops out just north of the village of Yurekli
near the south~centrel border of the ;h quadrangle, Similar-appearing
rock is also present as large boulders (to 1 m on a side) in a lahar that . v
forms the ridge between Kobaklar and Hiseyinpagalar in the center of |
the c), quadrangle. The rock exhibits strikingly large phenocrysts as much

as 2.5 cm long of common to abundant vitreous plegioclase; common to sparse

dark-green hornblende (as much as 2 cm long); sparse to common votassium-

B e .

feldspar and quartz; and sperse reddish-brown biotite in a very finely
crystelline matfix that makes up from 2 to 40 percent of the rock. Both

the potassium-feldspar and the quartz are rounded and embayed.

The lava unit was separated from the Dede Tepe as a member, and it
has been mapped separately; however it was not given a formal member name,
pending further study in areas of more extensive outcrop. See table 3

for anslyses.
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Petrogravhy.~-Thin-section study .of the lehar and tuf?f deposits in

the Dede Tepe Formation confirms the mineralogic identifications made in
the field. Althoush quantities of individual minerels vary greatly,
plagioclase, hornblende, quartz, anorthoclase, and £iotite are generally -
present, i; that order of abundance. Plagioclase (Anh2-26) is generally
unaltered, sngular in the tuff deposits, and has continu;us and reverse
zoning. Hornblende is of two types; one having sbundant iron-oxide
granules on crystal borders or throughout the crystal, parallel extinction,
and very dark reddish~brown to black pleochroism, is clearly basaltic

hornblende; the other has inclined extinction, distinct color rings from

the center outward in cross section, and no iron~-oxide granules. Potassium’

feldspar has a very small 2V and the crosshatching characteristic ;f
anorthoclase. Both anorthoclase and quartz show extreme resorbtion and
embayment, Biotite, where associated with basaltic hornblende, also

shows iron-oxide granules on crystal margins or throughout the crystal.
The pale-gray;.;hite, and palé-reddish-brovn lithic clasts in both mudflow
and tuff deposits characteristically cdnfain plagioclase, hornblende,
quartz, anorthoclase, and btiotite phenocrysts. The pale-greenish-gray
lithic clasts, quantitatively dominant in many of the tuff beds, are very

fine grained and show only feldspar microlites. Crystal clasts in the

ash-flow tuff are like those in the air-~fall tuff deposits.
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Matrices of the crystal-vitric and lithic-vitric tuffs are pre-
dominantly glass with very fine grained, angular crystal or lithic clasts.
Classy nmatrices of air-fall tuffs are generally unaltered, whereas those

of ash~flow tuffs are both unaltered and altered. Commonly the ash-flow

-

tuffs shoé densely to moderately welded glass shards with conspicuous
spiculites of an unidentified mineral, or the shards may be completely _ §
devitrified and show a radiating pattern'of very fine quartz and feldspar

crystals, Both the glassy and devitrified matrices of the ash-flow tuffs

QO

show the pseudoflow structure characteristic of welded ash-flow tuff.
Matrices of the lithic-vitric tuffs are generally obscured by the very
abundant, angular, minute lithic clasts. Most are argillized. '

Contacts and age.--The Dede Tepe Formation is overlain disconformably

by lacustrine tuff, conglomerate, marl, siltstone, limestone, and evaporite g
deposits in two separate areas on the eastern and southern borders of the:
) quadrangle. These deposits lie sn an erosional surface that cuts
across the Dedé\Tepe and Halilar Formations Jjust north of Gegmig Ksy

(ch quad.), and on an erosional surfacde that cuts the Dede Tere, Hallacler,

and the limestone of Ayakli southwest of Ayakli.

Fogssils have not been found ir the Dede Tepe Formation. A specimen

CRI e

collected by the writers from the Sulutag Tepe intrusive, a volcanic neck

that was a feeder for the formation, gave an argon age of 20.3%0.6 MY

and 20.8:0.7 m.y. for biotite and hornblende respectively (J. D. Obradovich,

U.S. Geol. Survey, written commun., 1971) end indicate an early Neogene

(middle Miocene) age for the formation.




Leke beds

Water-laid sedimentary and minor volcanic rocks of probable Neogene
‘age form broasd gently sloping terraces and low rounded hills in a belt
across the‘western central two-thirds of the d3 quadrangle, and generglly
gently sloping surfaces in smaller irregular-shaped and discontinuous areas
in the southeastern part of the c), quadrangle. These lacustrine deposits
are not known to be exposed in the dp and cj quadrangles. Outcrops are
conmonly poor fecause of a2 general lack of consolidation, and because of
the effects of long-continued farming. Although =2 sectidg has not been
worked out in detail, or measured, the unit has been shown on the geologic
map. The sequence is similar in different areas, although it may vary in
deteail; it is easily distinguished from the underlying rockg.

Best exposures of the base of the section are seen from the area
south of Kalabek KGyu to the east on the flank of Kocagal Teve. South
of Kalabak, a basal conglomerate consists of material ranging from
coarse boulders to fine pebbles of phyllite, schists, and banded marble,
all from the Kalabak sequence; feldsﬁathic quartzite from the Halilar
Férmation; finely crystalline limestone from the Kocagal Tepe sequence;
andesite and decite from the Hallaglar and quartz latite from the Dede
"Tepe Formations; and coarse-grained granodiorite-quartz monzonite from en

eroded batholith to the north., Farther to the east, clasts of the

Bagburun Formation are present in the basal conglomerate, but in subordinste

amounts, as the Bagburun is highly altered, soft, and easily broken down.
On the flank of Gakir Tepe (d3 quad.), the basal conglomerate consists

chiefly of rounded pebbles of the hard feldspathic gquartzite of the

o
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Halilar Formation; on the-flank of Kocagal Tepe, numerous pebbles and
boulders of the limestone of Kocagal Tepe are conspicuous in the conglom-
erate. Rock higher in the section south of Kalabak consists of fine-grained,
well-sorted, poorly consolidated, quartzose sandstone overlain by pale-
brown, fine-grained tuff, clayey tuff, and pale-gray to pale-brown marl.
locally the marl contains abundant but poorly preserved gastropods and
ostracodes. The ostracodes, according to J. E. Hazel (U.S. Geol. Survey,
written commun., 1969), are probably fresh-water forms. Outcrops south of
the Havrangayi near Asagidamlar (a few tens of metres west-of the d; quad.)
are similar and contain scattered coarse aragonite crystals. To the east,
near the turnoff to Kﬁylﬁce from the main highway, the section consists of
very fine grained, thin-bedded, silty tuff and interbedded lenses of
aragonite. The seétiog grades upward into massive limestone, and higher

in the section, into finely bedded limestone. The silty tuff shows mud
cracks and contains scattered fragments of plant fossils and disarticulaﬁed
fish vertebrae, spines, and gill plates. None have been identified;
Exposures of poorly indurated marl and silt on the northern end of Dede
Tepe, just southeast of Kocacal Tepe near the main highway, contain
fragments of long bones, apparently leg bones, and horselike teeth; unfor-

tunately they crumbled on removal from the marl.
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Outcrops of the water-laid sequence are also present north of Gegmig

3 Koy (ch quad,.) where a basal boulder conglomerate containing fragments

5 of finely crystalline -limestone like thet in the Kocagal Tepe seguence,

and of tuff like that in Dede Tere, onlaps the Halilar Forration. The
conglomerete is ovérlain by a fine-grained, pele-gray-brown marl like
that near Aga&idamlar. Farther south, near Ayakli, the lacustrine
sequence consists of pale-greenish-gray and light-gray-brown silty tuff,
pale-gray marl, and, near Egi Burun (ch quad.), conglomeratic.ﬁandstone
with pebbles from the limestone of Ayakli., Disarticulated fish vertebrae
and gill plates are also present in a fine siltstone on the north side
of the valley of the Karaﬁinar Dere south of Ayskli. The upper part of
the section also shows massive beds of silicified plant fossils Just
south of the ¢), quadranéle border, near Kocagal Tepe.

These lacustrine rocks overlie the Halilar, Bagburun, Hallaglar,
and Dede Tepe Formations as well as the limestones of Kocagal Tepe and
Ayekli, The contaét ranges from an angular unconformity whete it crosses
the Halilar Fo;mation and the limestones to a disconformxty where it
crosses the Ballaglar and Dede Tepe Formatlons.

Gastropods, ostracodes, fish remains, and plant‘fossils found in the

lacustrine sequence have not been identified because of their poor preser-

vation. However, Erguvanli (1957, p. 50) reports Mactra caspia Eich., M.

podolica Eich., M. aff. M. bulgarica Toula, and M. aff, M. dobrigiaca
Simion from a sequence near Ezine, which is lithologically identical to

that in the Edremit area. Kaaden (1959, p. 24) found Mactra sp., Hydrobia

sp., and Planorbis sp., from similar sections near Demirci. The fossils,

and probsably the lacustrine section in the Edremit map area, are of Miccene

age,
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'cl, and c) quadrangles and loca2lly elsevhere, The deposits consist of

Quaternary system

Alluvium

Alluviunm of Quaternarr age is present along major streams in the d3,

poorly sorted and bedded gravel, sand, and minor silt. Rock types rerre- %
sented vary according to the area drained. Locally along the Ki§la Dere,
remnants of Quaternary alluvial terraces are preserved as boulder~block

breccia tightly cemented by hematite.

Landslide debris -

Landslides of Holocene age have developed along the western and
southern margins of the limestone tableland in the southeast corner of
the d2 quadrangle and near the central-western border of the ey quad-

rangle. Six of the seven slides mapped lie in the d, quadrangle, are

. composed of angular blocks of the limestone of Kocagal Tepe, and are 3

inactive. Thesé slides appvear to have moved in response to the under-
mining of the limestone. The seventh slide, in the ey

quadraﬁgle, is ‘
composed of saprolite derived from the prophyllitized lava flows of the

Hﬁllaglar Forzation, and it is activé. This slide formed as a direct

result of unusually heavy run-off following heavy rain and snow of

'March 1968. The slide surface consists of a number of terracettes,

each of which shows backward rotation. It is an excellent example of a

slump., Although the slide is active it poses no danger for any inhabited

aresa,
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INTRUSIVE ROCKS

Intrusive rocks within and near the rapred area include partly

serpentinized dunite bodies, part of a granodiorite-quertz monzonite

batholith, a granitic pegmatite stock and related dikes, and rhyodacite-

quartz latite stocks. These intrusives range in age from Late Paleo~-

zoic to Neogene.

Serpentinized dunite-neridotite

The oldest intrusive rocks in the mapped erea are ten small .

" largely serpentinized stocks that cut the Kalabak sequence in the d2

quadrangle. The largest, on Dede Kirani Sr,, is about 5%0 m by 300 m;
four others on Demirdlen Sr., renge downward in size from 750 m long
by 150 m wide. The five remaining.stocks ere less than 100 m across,
and ere generally widely separated. All of the serpentinite stocks
shov steep outward-dipping contacts that cut local foliation and rock
types in the Kalabak sequence. The two largest stocks show local
screens of hornfels roughly perallel to and along the original intru-

sive serpentinite-~-Kalabak contact. However, elsevhere the remaining

contacts of the same stocks and contacts of all of the other serpentinite

stocks show no evidence of metamorphism. As the local screens of horn-
felsed rock are present only near or at places where the serpentinite

is intruded by the granodiorite-cuartz monzonite batholith, they aprear

to be a product of that intrusion.
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The serpentinite is typically dark green to black, and locally
light-bluish green or light-yellow green. Commonly it,is irregularly
cut by naerrow (.5 cm or less) veins of bluish-gray chrysotile asbestos
and veins and knots of light-yellowish-green telc. Characteristically
the se?pen%inite stocks show a prominent banded structure in which long
ribbonlike bands of spotted dark-green serpentinite alternate with

generally narrover bands of lighter colored serpentinite.

Study of thin sections indicates that the spotted bands aré composed

of relatively coarse-grained partly serpentinized (antigorite) olivine
and the lighter bands are composed entirely of finer grained antigorife.
Olivine is colorless and anhedral, and adjacent grains show differing
positions of extinction, and extinction within grains is nonundulatory.

Translation lamellae are absent, The olivine and pseudomorphic anti-

- gorite show a mesh structu#e in which adjacent grains within a band fit

together like a mosaic, Shearing of the olivine-antigorite is not
apparent in anY‘of the thin sections studied.

The distribution of olivine through rany bands, the mesh structure
of the olivine-antigorite, and the lack of other mafic minerals or
Plegioclase or their alteration products, suggests that the originel
rock in the majority of stocks was a dunite (table 4), Serpentinite
from the northernmost two small stocks, northwest of Kﬁrugam Sr., con-
tain scattered pseudomorphs of talc after enstatite and rare blue-green
chlorite (pumpellite?) after plagioclase.. In those stocks the original

Tock was apparently e periodotite,
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Table 4.--Analyses of scrpentinized dunite stocks in the d, quadranglie.

[Matiod used was a single-solution procedure (see Shapiro, 1567)

Analysts:  P. Elmore, G. Chloe, J. Glenn, S. Botts, L. Artis,

Je Kelsey and H. Smithj U. S_: Geological Surveyg

Lab. No. W1l73 = W173 W173 Wl73 w173

HT 775 T78 800 801
mew No. 13/6, Ry By Ysly UL,
510, 43.0 43.8  -40.0 39.3 Lk4.5
A1,04 1.3 A3 12 90 - L3

: ’ v’

Fe03 5.8 . 56. . .5k . 58 k1 .
Fe0 3.3 2.4 L7 2.5 | 3.2
M0 35.6 3.7 3.2 369 362
Ca0 4 - 48 - .68 .68 1.8
Nay0 10 .03 10 .16 .08
K50 03 .00 .03 .00 .00
Hp0+ 71 9.5 12,1 12.2 7.6
1,0~ 66 L1 .67 .82 .58
TO, .03 - .06 .ol Lo 0
P05 .00 .00 .00 00 .ol
MO .20 .20 - .08 .7 Ik
co, .29 .06 .25 11 .08

 gotar 99 99 9 100 100

V173
803

2/9/_/

9-1
37.0
10.0

2.6

5.5
31.1

b

.26
.06

7.5

R
.56
o4 |
.17
.18
% -

-/ Incluues minor wollastonite, a contact-metamorphic effect of the grano-

diorite batholith.
_/C'r.le*.ay antlgonte
i/}‘n tigorite and olivine.

Collected near the hydrothermally altered northern end of the longest

stock on Demirodlen Sr.
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The genéral lack of metamorphism at the serpentinite-Kalabak
contact and the lack of shearing of the antigorite suggest that the
dunite was intruded as a "cold" crystal mush. In addition, formation
| of the banded structure, probably originally alternating bands of
finely crushed and less finely crushed olivine, must also have taken
place prior to serpentiniiation. Lack of optical strain and trans-
lation lamellae may be ascribed to intercrystal fluids that lubricated
the dunite-peridotite during intrusion. A However, such lubrication
' ;ight 2lso be expected'to have prevented the Tormation of q{ush,bands.
‘.Alternatively, and perhaps more likely, optical strain aﬁd translafion
lamellae were removed by annealing dur;hg and following the intrusion
of the granodiorite-quartz monzonite batholith. Lack of accord between
: attitudes in the banded sérpentinite and the enclosing phyllite of the
: Kalabak sequence, and tﬁe general leck of shearing of the antigorite
i' also indicate that intrusionAand serpentinization postdate regional
folding and metémorphisu of the Kalabak, Serpentinization may have
accormpanied intrusion of the batholith or may have occurred at some
Previous time. Alteration of the serpentinite to talc on the northern
end of the large stock on Demirdlen Sr. was probably caused by silica-
rich fluids given off by the batholith, Contsct metemorphism of the

Serpentinite-Kalabak is discussed in a leter section.
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Although concentrations of chromiée ard magnetite were not seen
in the field, specimens of serpentinite were collected for Ni-Cr
analyses. The analyses of seven specimens show a range of .10 to .26
percent and a median of .12 percent chromium; a range of .1lb to .37
percent and a median of .26 percent for nickel (analysts: C. Burton
and~F..Simon, U.,S. Ceol. Survey analytical laboratories, written
commun., 1970). These percentages are close to the worldwide averesges
for uliramafic rocks, and they do not suggest any unusual concentrations
in the stocks.
The age4of intrusion of the dunite-periodotite stock;-is not known
fronm direct evidence, however, the stocks do cut the Kalabak sequence,
and two of the stocks are cut by the granodiorite-quartz monzonite batho-
lith. A radiometric age date of 24,220.9 m.y. B.P. (John Obradovich,
U.S. Geol. Survey, written commun., 1971) for the batholith places a
minimum age of middle Miocene on the dunite~peridotite intrusions. The
fact that these stocks intrude only the Kalabak sequence and never the |
nearby Haliiar Formation also suggests thap the stocks were intruded
prior to deposition of the Halilar ana thus priyr to the Late Triassic.
The massive character of the antigorite alsc suggests that the stocks
vere intruded after the last period of folding and regional metamorphism,
the Hercynian (Middle Permian) according to Kaaden (1959, p. 30) and

Kelafatgioglu (1963, p. 69).
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Granodiorite-cuartz rnonzonite

Much of the central western and southeastern parts of the 4, quad-

2
rangle is underlain by a batholith composed of light-colored, coarsely
crystalling, and porphyritic rock that ranges in composition from grano-
diorite té quartz monzonite and very locally fo hornblende granite. One
small stock of a similar—appearihg rock crops out near the Manaster Dere
in the east-central part of the d2 quadrangle; it is correlated with the
batholith on the basis of lithologic similariéy. The batholith extends
to the west, approximately 20 km or more beyond the quadrangle boundary,
and it has been mapﬁed (Kaaden, 1959, pl. 1; Gumig, 196k, pl. h;'
Aslaner, 1965, pl. 4) both to the norfheast and southwest of the present
study area. Its actual extent in those areas is unknown, however, as

Kasden (1959), Gﬁmﬁ§ (1964), and Aslener (1965) included extensive areas

of the Halilar Formation within the bounds of the batholith.

Within the mapped area, the batholith discordantly cuts the foliation

-

of the Kalabai sequence and metamorphoses that unit. Excellent exposures
are seen 500 m west of Kozcagiz Tepe in the southwest gquarter of the

d2 quadrangle. There coarsely crystalline biotite-quartz gneiss dips
into the batholith at about 90°, is cut by coarsely crystalline erano-
diorite-quartz monzonite and stoped into the batholith. Contacts with
the Kalabak sequence on the eastern margin of the batholith are sharp,
tnd field relations, as seen on Kadincik Gayi Just north of Dede Kirani
&nd on the Kestanelik Dere northeast of Kozcagiz Tepe, indicate an east-
vard dip on the contact. Chilled contacts or finely crystalline btorder
facies are nowhere seen in the batholith, and the crystel size in the

8mall granodiorite-quartz monzonite stock is essentially the same as
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that of the batholith. Presumably the country rocks vere suffiéiently
heated that the border areas of the intrusive rock were not chilled. The
contact with the Halilar on the northern side of th? batholith is less
clear because of the lithologic similarity between the batholith and the
narrow contact aureole devéloped in the Halilar, Field relations suggest
that the contact dips steeply to the north., Locelly, in the headwaters
-of the Dogeme Dere (d2 quad,) the batholith-Halilar contact ié extensively
sheared, and pert of the rock is replaced. Biotite and feldspar in the
Halilar are repleced by quartz as much as 200 m to the north, away from
the contact, and the Haliler is sheared to a progressively greater degree
toward the contact. The plutonic rock near the contact is also shesred,
although not replaced, and constituent rhenocrysts of orthoclgse and
hornblende are broken, rounded, and somewhat eligned., The discordent
contacts and the few stoped blocks suggest that the batholith was injected
forcefully, in gfrt by piecemeal stoping, but chiefly by pushing the
country rock a;ide. Granitization does not appear to have been an
important process in the emplacement of the b;tholith at least along

this contact. -

The granodiorite-quartz monzonite is light or medium gray ;o light="
Pinkish gray and weathers to a light-vellowish-gray grus, Megascopically
the rock is generally homogeneous, and has conspicuous large (to 5 em)
Phenocrysts of vink orthoclase in a coersely crystalline groundmass of
plaF:ioclase, anorthoclase, quartz, hornblende, biotite, and conspicuous
8Phene. Hornblende is the only mineral seen in the field that varies

Mrikingly in relative ouantity.
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Plagioclaese (Anhs-ls) is suthedral-rectanguler, highly corroded
and embayed, has oscillatory zoning, and is locally coated with rims of
oligoclase~-quartz myrmekite. It constitutes from 25 to 40O percent of
the rock., Potassium feldspar occurs both as coQSpiguous large pheno=-
crysts of orthoclase (to 5 cm long) and as completely snhedral masses
of anorthoclase enclosing plagioclase, the mafic minerals, and quartz.
The orthoclase and anorthoclase constitute from 20 to ko éeréent of the
rock, Both plagioclase and potassium feldspar are locelly sericitized,
end orthoclase is locally argillized. Hornblende is una;fered, in
euhedral but locally corroded prismetic crystals as much as 1.5 cm long,
and is commonly crystallized over small cores of esugite. Hornblende
constitutes about 15 percent of the rock. Locally, on Kale Teppe neer
the western border of the d2 quadrangle, hornblende constitutes as much
as 35 percent of a distinctive-~appearing hornblende granite over areas
as large es & few hundred squere metres., Quertz is completely anhedrel
and commonly égéws ebundant treils of minute fluid inclusions. It
constitutes from 5 to 20 percent of thé rock. Vell-formed rhombic
crystals and irregular masses of sphene as much as 0.5 cm across are a
characteristic accessory in most outcrops of the batholith. Rare small

euhedral apatite and very rare zircon are typical minor sccessories.

See table 5 for analyses.,
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Teole S.--Ansyses of the granodiorite-quartz monzonite batholith and the granitic

pegaatitic stock.[Method used was a single-colution procedure (cee Shapiro,

1957), analysts: P, Elmore, G. Chloe, J. Glenn, S. Botts, L. Artis,

J. Kelscy, and H. Smith, U. S, Geological_Surveya
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5203 o620 18 363 “ s ' 12,8 27 13.0
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FeO © 3.3 3.0 .26 23, a2 .2 .36
Mg0 3.2 3.7 R P § T 1.6 24 .35 | .12
Cad 6.3 5.5 6.8 . ks . 10 21 .50
Na,0 3.1 3.2 33 33 . 25 2.5 3.2
K0 2.9 3.2 31 .33 59 59 5.1
B0+ 1.0 -"1.0 .68 1.k W81 .78 . .68
L,0- a8 L .2 12 - .29 . .29 11
TiO, - .87 65 8 . .52 .10 .13 '«. .17
P05 - L9 2 .50 - | 25 .02 .01 .' .03
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. Total 99 100 100 100 99 99 99

l/CO¢leCueu Trom the granodiorite-quartz monzonite batholith in the d2 quadrangle.,
-/CO¢1e0tea from a batholith of similar composition and age in the Samli ares.

_/Iﬂeﬂu¢L‘,Q in toe field as a hornblende granodiorite, collected in the dj quadrangle.

Collected from the granltzc pegnatite stock in the d2 quadrangle.
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The relative age of the granodiorite-~cuartz monzonite batholith can
be estimated from field evidence as ﬁostdating the Late Jurassic and
possibly even the Mesozoic, because it intrudes the thrust plate of the
limestone of Kocagal Tepe of Late Jurassic age. The contact is seen about
4.5 km wvest of Edremit (fig, 1) and north of the village of Yoloren west
of the mapped area. It also intrudes the Kalabak sequence, the dunite
bodies, and the Halilar Formation. Argon ages of 23.5:0.6 m.y. and
- 24,2%0.9 m.y. on biotite end hornblende respectively (J. D, Obradovich,
U.S. Geol, Survey, written cormun., 1971) indicate an early Neogene
- (middle Miocene) age for the rock. Lithologically similar plutonic rock
in the §amli area gives an argon date of 22.1%0.6 n.Ye. aﬁd 21.710.7 m.y.
on biotite and hornblende respectively (J. D. Obradovich, U.S. Geol.
Survey, written comrun., 19T1) and indicates a younger but still early

Neogene (Miocene) age.

Granitic pegpmatite

Cranitic pegmatite crops out as a sma2ll stock near the center of the

2

qQuartz monzonite batholith, and as unmapped dikes of variable but generally

harrow width that cut the batholith, the Kalabek sequence, and the Halilar

Formation.

T1

d_ quadrangle along the contact of the Kalaebek sequence and the granodiorite-
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The stock and the gajority of pegmatite dikes consist of graphitic
intergrowths of quartz and microcline perthite with sparse to rare highly
corroded albite, and rare biotite, horntlende, sphene, and columbite.
Niether stock nor dikes show zoning nor minerals other than columbite
that are suggestive of complex pegmatites. The dikes range from simple
quartz-microcline perthite pegmatite to quartz-rich microcline~poor pegma=-
tite to simple quartz dikes., Both mircocline perthite and albite are
commonly unaltered, but locally the albité 15 highly sericitized and the
. microcline slightly argillized. Biotite #nd hornblende are very‘rare and
unaltered., Quartz is common and typically shows the atundant trails of
inclusions seen in the quartz of the granodiorite-quartz monzonite batho-
1ith., Columbite is present as poorly crystallized tabular crystals throuch-
out the stock; well-crystallized sphene, although less common th;n in the
batholith, is present as an accessory. One pegmatite dike in the south-
west corner of the d, quadrangle shows rare molybdenite and chalcopyrite
throughout.,  --

Pegmatite dikes in the northern part éf the d, quadrengle in the
Dereustu Tepe area consist of abundant quartz, platy albite (cleavélandite).
and fine- to coarse-crystallire muscovite. Thin-section study indicates
that the finely crystalline mica is sericite, derived from the alteration
of thevalbitg. As all coarse muscovite seen is also enclosed in sericite,
it too may be an alteration product. Neither sphene nor columbite is present
in these dikes,

'Both stock and pegmatite dikes cut the Kalabak sequence and the grano-
diorite~quartz monzonite batholith and thus'postdate these units, An argon
e of 22,9%0.6 m.y. (J.D. Obradovich, U.S. Geol. Survey, written commun.,
1971) on slirhtly chloritized biotite also sugpests a Neogene (Miocene) ere
for the granitic stock.
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Rhyodacite stocks

Two stocks distinctly different from the rhyodacite-quartz latite

stocks noted below crop out in or near the mapped area. The smaller is

%'triangular in outline, about 100 m across, and is 1.7 km north of gulfa

‘gukuru near the eastern border of the d2 quadrangle. The larger stock,

j probably a volcanic neck, is elliptical, 900 m in width and 1100 m long

in a northerly direction, and crops out 4.5 km south of the southwest

corner of the d, quadrangle at Sulutag Tepe.

3
Both stocks are coarsely porphyritic, light to pale gfay brown, and

éontain phenocrysts of plagioclase, hornblende, augite, biotite, and

} quartz in an abundant light-brown finely crystalline groundmass.

Plagioclase (An ) constitutes as much as 25 percent of the rock,

42-31
and forms large (to 1 cm in length) euhedral-rectangular but corroded

‘ phenocrysts that show oscillatory zoning. Hornblende and augite together

W oo

' constitute as mucﬁhés 15 percent of the rock. Hornblende commonly occurs

as elongate well-crystallized prismatic cfystals, but it also is present
as reaction_rims on augite. Augite also forms euhedral crystals without
reaction rims of hbrnblende, or any other indication of reaction with the
matrix. Quartz is present as rare rounded and embayed phenocrysts. i
Apatite,.euhedral magnetite, and zircon are typically present but in
trace amounts only. The groundmass, as much as 40 percent of the rock,

consists of light-brown intergrown quartz and feldspar. See table 6 for

analyses.
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Table 6.--Analyses of specimens from the Derxedren -
end Sulutag Tepe stocks
Eﬁcthod used was a single-solution procedure (see Shapiro, 1967)

Analysts: P. Elmore, G, Chloe, J. Glenn, S. Botts, L. Artis,

-~
Je Kelsey'f end H. Smith; U. S; Geological Surveﬂ

Laboratory No. w173 WiT2 . " W1T2

743 | 321 32

Held No, , éé’f{ Y, | 20/6/ _/ - 20/6/ -/
$20, © T 60k " - oewr, 61.0
A,04 15.0 - 15.9 ) - 16.2
7¢,05 | "‘ 2.7 : ".'2.7- | s
7e0 : : .2.1; ) N 2,0
¥g0 ' 19 34 2.6
cao 38 s6 g
ka0 : 2.8 BT . 3.6
L0 s - . 2.6 | | L 29
Lo+ o 2.1 ., . 1.0
- T 6 ‘10 owue
Yo, s o e
%0, 25 I .38
*o ¢ Q2 . +09 .08
%, 2.k .20 | 1.2

Total 100 100 100

Y
5}."1'0::1 a relatively nonprophyllitized part of the Deredren stock.

Trom the Sulutaj Tepe stock approximately 4 km south of the southwest
corner of the d3 -quadrangle. .

>
Y
4
¥

ooy




L4

The rélative age of the stocks i; well established by field evidence
;a the small stock north of Qulfa Qukuru clearly cuts the Halilar Formation
and metamorphoses the limestone of Kocagal Tepe., It is thus at least post-
Late Juras§ic in age. The larger stock south of the village of Karalar
(southwest corner d3 quad.) and outside the mapped area cuts and distorts -
air-fall tuff of the upper part of the Dede Tepe Formation, and appears
to have contributed to the younger tuff in that formation., An argon age of
20.3%0.6 m.y. on biotite and 20.8%0.7 m.y. on hornblende (J, D, Obradovich,
U.S. Ceol, Survey, written commun., 1971) indicates that the stock is early
Neogene (Miocene) in age. The common age, the sequence‘in time, ﬁineralozic
and chemicai similarity of the rhyodag1te-trachyandesite'of the Hallaglar
Formetion, the granodiorite-quartz monzonite batholith, the granitic pegma-
tite stock and associated dikes, the quartz latite of the Dede Tepe Forma-
tion, and the rhyodacite to quartz %atite stocks suggest that these intrusive

and volcanic rocks are comagmatic.
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Quartz latite stocks

Two stocks composed of porphyritic hormnblende-rich rhyodacite-quartz

latite crop out within the d, quadrangle and a third crops out just west

3
of the quadrangle near Agagidamlar. The largest, between Egmir and

-

Deresren, is rectangular and about 1100 m on a sidej; the second, at

Kedikaye (d3 quad.), is elliptical and 350 m wide and 550 m long in an

b ——

easterly direction; the third, 950 m west of Agagidamler, is ffiangular in
outline and 600 m wide and 1000 m long, also in an easterly direction.

All three stocks are texturally and mineralogically Eimilar and

W e ———

consist of abundant smell phenocrysts of plagioclase, hornblende, and
quartz, all in a very finely crystalline matrix, Thin-section study
indicates that the rock is largely replaced by calcite, chlorite, and
pistacite. Pyrite, common in propylitized rocks, is absent. Plagioclase
(An20_7), about 30 percent of the rock, shows abundant irregular inclusions .
of the groundmaés, and it is commonly replaced, first by sericite, and

secondarily by calcite. Hornblende, from 20 to 15 percent of the rock,

is invariably replaced by a combination of pehninite, calcite, and pista-

eite. It is indicated only by the characteristic rhombeshaped cross sectionms.
Biotite is sparse to rare, and largely replaced by penninite and calcite.
Quartz, from 5 to 10 percent of the rock, is alone unaffected by hydro=-
thermal alteration, but it is typically corroded and embayed. The ground-
mass consists of very fine grained feldspar microlites and devitrified

€lass, It is largely replaced by chlorite, calcite, and pistacite. One
Telatively unaltered specimen from the DergSren stock hes been analyzed |

(see table 6).
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The age of these rocks cénnot conclusively be proven from field
relationships within the mapped area, but evidence seen in the stock
west of Agagidamlar is conclusive. The Kedikaye stock in the cent¥al
part of the d3 quadrangle intrudes the Halilar Form;tion, forms a breccia
at the stoék—country rock contact, and is thus post-Late Triassic in age.
Contacts of the Dereoren stock with the Hallaglar Formation are generally
poorly exposed, and the Hallaglar could be interpreted as either uncon-
formably overlying the stock ér es intruded by the stock. The stock
clearly cuts the Halilar, brecciates the sandstone, and seconderily
silicifies it as much as 10 m away from the contact. The—;tock west of
Agagidamlar intrudes the andesitic lava of the Hallaglar at a nearly
vertical engle, brecciates the lava, and forms a silicified aureole
that extends for some metres away from the contact. Small dikes from
the A§a§idamlar stock can also be seen to intrude the Hallagler lava.
The stock, therefore, postdates the Hallaglar Formation, and the other

tvo similar stocks in the d3 quadrangle are probably of the same age.
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CONTACT METAMORPHISM

A contact asureole borders the granodiorite-quartz monzonite
batholith in the dé quadrangle. The asureole is generally narrow,
extending only a few metres from the pluton into the serpentinite,
and generally no more than 20 m into the phyllite-marble of the Kalabak
sequence., Locally, narrow screens of hornfelsed rock lie roughly parallel
to the serpentinite-Kalabék contact. These are present only near the con-
tact of the serpentinite and batholith, énd are believed to be part of the
aureole of the batholith. Dacite and rhyodacite Stocks in or near the
mapped area do not show contact aureoles, rather, they are surrounded by
zones of hydrothermally altered, chiefly silicified end fropylitized rock,
Intrusion of the small dacite stock north of gulfa Cukuru did lead to the A
recrystallization of the adjacent limestone of Kocagal Tepe, but without
more profound mineralogic chénges. "Apparently the original small size of
these intrusives, combined with a presumed moderate initial tempersture,
vas insufficient to modify the intruded rocks to any great extent.

The sedimentary and regionally metamorphosed rocks of the d, quadrangle
vary greatly in thelr reaction to intrusion. Feldspathic sandstone of the
Halilar Formation is little affected as the major minerals of the sandstone
Vere stable under conditions of intrusion. The only noticeable change in
the sandstone is the replacement of the normal groundmass chlorite by bio-
tite, and the local replacement of both by quartz. Reaction to intrusion

by the Kalabak sequence is, on the contrary, more varied, and a number of

hetamorphic assemblages were formed.
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The aureole bordering the granodiorite-quartz monzonite batholith is

continuous from the southwest corner of the d, quadrangle to Dede Kirani

in ebout the middle of the quadrangle. North of Dede Kirani, the contact

and the aureole are largely concealed and little known because of heavy
soil and forest cover. Typicelly the batholith-Kalabak contact aureole,
between the sduthvest corner of the quadrangle and the midslope of Pala=-
mutluk Mvk, is ebout 450 m wide. This relatively wide aureole suggests
that the batholith-Kalabak contact dips af & shallow éngle to the east,
Typically the batholith metamorphosés the phyllite of the Kalsbak
to & hornblende-quartz-orthoclase hornfels of the hornblende hornfels
facles, Olistoliths of magnesian marble are common within the aureole
betwveen Atizi Mvk. and Cal Sr., in the southwest corner ;f the d, quad-
rangle; they are locally present as far north as the Dede Kirani Sr.
All are largely metamorphosed to skarn with the introductioﬁ of large
quantities of iron, silica, and aluminum., Magnetite is an abundent and
ubiquitous minerel throughout the skarn, and occurs aléng strike of the

aureole in combination with pistacite, actinolite, and hydrogrossularite.

Locally, on the west side of ¢al Sr., and in the isolated patch of Kalabak

Just west of ¢al Sr., specularite-hydrogrossularite hornfels is predom~
inant, Skarn with lesser quantities of iron, generally associated with

the magnetite-bearing skarn but farther away from the intrusive contact,

tonsists of hydrogrossularite-vesuvanite-~diopside hornfels, and hydrogrossu-
larite-vesuvanite~actinolite hornfels. These rocks are commonly very coarse;

garnet and vesuvanite can be determined by crystal form, and the rock might

better be called a granofels., The garnet is typically well zoned and
Shows slight birefringence., HMetamorphism in the lasrger olistoliths
decre&ses abrurtly away from the contact to a very coarse-crirstalline

I”""1’1>le.
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Local and impersistent;;creens of. hornfelsed rock between the serren-~
tinite and Kalabek are very narrow, never exceeding 5 m and cormonly less.
Metamorphic grade generally decreases away from the serpentinite and toward
the phyllite, but rock types are telescoped, and patches of hornfels of one
grade are commonly isolated in masses of another grade.

Mineral assemblages apparently derived chiefly from the metamorphism
of the phyllite include the following: cordierite-~hypersthene-anorthite
hornfels and wollastonite-vesuvanite-diopside-plagiociase bhornfels of the
- pyroxene hornfels facies; grossularite-dibpside-wollastonite-microcline
hornfels, grossularite-tremolite-dicps1de-calcite hornfels, and antho=-
'phyllite-cordierite-quartz-biotité-calcite hornfels of the hornblende
hornfels facies; and actinolite-biotite-albite hornfels,‘&nd zoisite~
quartz hornfels of the albite-epidote hornfels facies, Contact metamorrphic
assemblages derived from the magnesian limestone of the olistoliths consist
of brucite-spinel-forsterite~calcité hornfels of the pyroxene hornfels
facies; and tremolite hornfels--probably of the albite-epidote hornfels.

facies. ‘ |

Contact hornfels of the serpentinite on the west side of the stock
on bede Kireni and on the west side and southern end of the largest stock
on Demirclen show fibrous elongate platy anthophyllite end sheves of
Beedlelike curmingtonite isolated in serpentinite, These minerals indi-

Cate contact metamorphism to about the amphibolite facies,
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STRUCTURAL GEOLOGY

Rocks of the area have been deformed by folding and the formation of
thrust or gravity glide faults and normal faults; the older rocks are
typically more deformed and younger rocks less so. The oldest unit, the
Kalabak sequence, has been folded into both east and northwest-trending,
sharply defined, antiforms and synforms; folds in the Halilar are
northeast~trending, gentler, and less numerous than those in the Kalabak.
The limestone of Kbcagal Tepe and Ayakli, allochthonoﬁs plates emplaced
by low-angle thrust or gravity glide faults, were apéarently not folded
after emplacement in the ﬁapped area, but they are cut by numerous
northeast~trending high~angle normal faults, and now formAelongate horst
and graben structures. ‘

Two features that may have influenced the formation of these struc-
tural features are the metamorphosed sedime&éary»igneous complex known as
the Kaz dag massif, about 15 km to the west; and the granodiorite-quartz
monzonite batholith that locally intrudes the west side of the d2 éuad—

r&ngle .
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The Kaz dag massif has long been recognized as consisting of a

central core of moderate~grade regionally metamorphosed sedimentary and
igneous rocks that show a pronounced north-south structural alignment,
overlain discordantly by a sequence of low-grade, regionally metamorphosed
sedimentaiy and volcanic rocks having pronounced east-west structural
alignment (Schuiling, 1959, p. 89; Keaden, 1959, p. 17-18). Only

recently has Bingdl (1968, p. 117-118) suggested that rocks of the Kaz

daE represent low- and intermediste-grade metemorphic facies of the same
depositional sequence in which low-grade rocks from the periphery have
been thrust over intermediate-grade rocks of the core. Although we have
not studied the low-grade sequence in detail in the Kaz dag area, and the
area between the Xaz dag and the present map area has not been closely
examined, BingSl (oral commun., 1970) and the authors agree that the
Kalabak sequence described here is essentially identical with the low-grade
thrust sequence described by Bingdl (1968, p. 57-64) in the Kaz_dag |
massif, The massif presently shows a northeast topographic trend;-that
this trend is at least as old as the Late Triassic is indicated by the
northeast-trending contact of the Kalabak and the onlaﬁping Falilar.

This aspect of the outcrop pattern is, however, not an example of active

tectonism, but rather, e passive inheritance from a previously active

Period,
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Folds

Two periods of folding are apparent in the area even though no
maqor folds are seen and only a few folds can be traced more than a few
hundred metres. The first period of folding affected the Kalabak secuence,
Four minor antiforms and two synforms have been mappred., Axial trends
range from northwest to east-west, and the structures plunge both to the
east Qnd west. Field evidence for the northeast-trending major "syncline"
mapped by Cumis (1964, pl. 4) was not seen. The generally east-trending
axial traces parallel those of the low-grade thrust seqnegée in the Kaz
dag, and like them may have formed in response to north—séuth compressional
stress. The apposed plunge of a number of the fold axes could be explained
as folds lying on the flanks of a nortpeast—trending antiform, developed
after the formation of the east-west folds. Such an antiform could have
developed in response to the probably east-west compressional pressures
that were reséoﬁéible for the thrusting of the Kalasbak léw-gradé meta~
morphic sequence, The formation of the east-trending folds predates the
Late Triassic as the folds are truncafed and overlain by the Halilar

Formation of Late Triassic age.
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Where the Kalabak sequence is weli exposed, it can be seen to have
reacted to folding stresses as an incompetent member. The best examples
are seen on Domuzanli Dere (d2 quad.) Just east of the largest group of
'se;pentinized dunite bodies, There, for example, axes of two minor folds
crop out less than 3 m apart; one fold, a synform, plunges north and is
overturned to the west; the other, an antiform plunges east and is over-
turned to the north. This aprarently chaotic distortion may have been
produéed during the Middle Permian Hercynian period of folding and
regional metamorrhism or during thg post-Hercynian but still pre-Late
Triassic period of dunite intrusion. | -

Folds are not seen in the massive lower member of thé Halilar Forma-
tion, and are only locally seen in the middle and upper members. Reasons
fbr the latter are that the middle member is-generally highly distorted

by closely spaced faults, and that the upper member is silicified over

much of its outcrop area, and primary bedding features are destroyed.
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A northeast-trending syncline was traced for over 700 m in the

shaly middle member of the Halilar just west of Kedlkaya in the d_ quad-

3
rangle before the axial trace was lost in a jumbled mass of fault blocks.
‘A qorth—trending syncline to the south in the limestone of Kbcagal Tere

in the hill of the same nare méy be a continuation of the syncline near
Kedikaya, or it may be an unrelated fold produced during or before the
thrusting of the limestone. The difference in strike of the synclinal
axes #nd the fact that the thrust fault under the Kocagal Tepe plate cuts
moderately dipping beds in the upper member of the Halilar in the Akpinar
Sivrisi area suggests that the folds are unrelated and that the limestone
of Kocagal Tepe was folded before or during emplacement, 'Both folds,
however, plunge to the south. A second northeast-trending fold axis, elso
a syncline, is mapped in the upper member of fhe Halilar Jjust west of the
Dereoren stock in the d3 auadrangle, Timing of the foléing_of the Halilar
must be post-Laﬁe Triassic, the age of deposition of the Halilar, and
pre-Late Jurassic, the earliest date at which the limestone thrust could

have cut the already folded Halilar,
Faults

Faults in the mapped area are of two types: low-angle thrust or
‘Gravity glide faults that underlie the limestones of Kocagal Tepe and
Ayskli, and high-angle normal faults that cut most of the layered units in
the area and form a'series of elongate horst and graben structures in the

Borthwest-central part of the area,




. Kocagal Tepe: thrust

Evidence in the mapped area indicates that the limestone of Kocagal'
Tepe of Late Jurassic age is an allochthqnous low=-angle thrust or gravity
glide plate overlying the BaZfburun and Haliler Formetions. The thrust
relationship is best seen in the Akpinar Sivrisi area of the d, and d3
quadrangles, There, beds in the limestone dip about 47° NNW., and beds
in the Helilar less than 3 m beneath the nearly horizontal contact dip

35° SE. Other exemples in which steeply dipping beds in the limestone

can be seen to abut aéaiust the nearly horizontal contact‘pf the limestone
and underlying rock are seen on the western side of’Ustﬁnluk Mvk i.7 km
southeast of Akpinar Sivrisi (&, quaé;). Sulfarlik Tepe just north of
Sarnickdy (d3 quad.), and just north of Imam Pinar (45 qued.) 1.3 kn

northwest of Akpinar Sivrisi. Interestingly, sandstone at the sandstone-

limestone contact in the Akpinar area has been broken into a coarse, very
angular breccia cemented with clear calcite. Breccistion decreases down-

vard awey from the contact and ceases about 2 m from the contact. The

blocks, about 6 cm on a side, retained their angularity. Presumably

the fracturing of the sandstone resulted from the drag of the overriding
limestone plate. No indication of rotation of the sandstone blocks is

&pparent.

|
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A breccia composed-of limestone clasts in & light-orange-brown
matrix crops out locally from Ballicak Tepe, south of Sarnicksy, northe
ward to Kayali Tepe in the Qulfa gukuru area of the d2 quadrangle., The
breccia is. invariably restricted to the contact of the limestone of
Kocagal Tepe and the underlying rock. Typiecally the breccia is lens . ‘ !
shaped or podlike, and, locally in the southeast quarter of the d2 quad-

rangle near the head of Davulkulugukur Dere and on Sakarkaya Tepe, is

as much as 25 m thick., The breccia 1s,cohpletely massive and composed

of angular, somevhat tabular clasts, 1-2.5 cm across, of pale-gray-brown,

dense calcérenite exactly like that of the overlying limeétone of Kocagal
Tepe. Finely ground, pale-orange-brown limestone constiéutes 90 percent
of the matrix; angular claests of quartz, sericitized plagioclase, and

very rare, angular, highly altered, quartz-bearing-lithic voleanic clasps
comprise the remsining ten percent. ' Quartz, feldspar, and volcanic lithic %
clasts like th?se in the breccia matrix are unknown in the limestone of g %
Kocagal Tepe or in the limestone clasts in the breccia. Clearly they are i
derived from the underlying Halilar and locally the Bagburun Formations.
Although the breccia is normally tightly cemented, outcrops in the Morkeric
(d3 quad.) area show clasts with only a thin coating of matrix, enough to
cement the clasts together at points of contact, but not enmough to fill

the interstices.
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The‘formation of the limestone brecc;a is difficult to explain by
any other than structural means, We believe that it is a friction breccia
sloughed off the limestone and to_a slight extent the underlying sandstone
.or.volcanic breccia during movement of the limestone over the underlying
rock. Bre;cia along the Bagburun-limestone contact in the Bakcak area
west of Sarnigk&y and elsevhere consists of a compound volcanic breccia;
that is, 2 volcanic breccia that has been rebrecciated. This breccia
comnonly shows a pronounced hematite stein, stronger near the Bagburun-
limestone contact and ceasing about 10 m below the contact. There is no
evidence of hydrothermal activity to explain the presencé—bf the hematite
stain. The restriction of the stain to the Bagburun-limeétone contact
and the fact that the limestong lies directly on both the Halilar and
BaZburun Formations suggests that the allochthonous limestone plate may
be resting on an erosion surface, and thet the hematite-stained breccia
may be an old soil horizon.

Although‘gﬁe aerial extent of the allochthonous limestone ﬁlate is
not known from previsus studies, the plete clearly corprises the large
block of limestone north and just west of Edremit. It. also extends as
far east as Balya (fig. 1) where the structural reletionship of the
limestone and underlying rocks wascorrectly described by Aygen (1956,

P. 84-85), and to Jamli where it was noted by G. W. Leo (U.S. Geol.

Survey, oral commun., 1969).
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The thrust relatioﬁship of the limestone of Ayakli.and the under-
lying sandstone of the Halilar Formation is indicated only by paleontologic
evidence, that is, Permain overlies Triassic; as both the lirestone and
sandstone are without bedding, structural evidence of thrusting is not
available, It is possible that the Kocagal Tepe and Ayekli thrust plates
are one; that is, a single thrust fault affected both rock units, or it
is possible that the limestones were emplaced as two sepérate thrusts,
Clearly, emplacement of the blocks predates the Miocene éallaglar Forme-
tion, as blocks of both allochthonous limestones and theEsurroun@ing

H
- autochthonous rocks are covered by the andesitic lava fldws of the

3

d
Hallagler Formation. Late Mesozoic-Middle Tertlary movement of allo-

chthonous loweangle thrust plates is now seen to extend in an arc from

i .
central Turkey (Bailey and McCallien, 1953, p. 437-438) through the present

study area, and to the Greek Peloponnesos (Temple, 1968,;p. 692-693). The
mechanism of emplacement, however, is moot. Temple (1965, p. 694) hes ;
suggested large-scale gravity sliding off'seqnentially férmed fold.crests
to explain the features seen in the Peloponnesos, and hefdismisses the
possibility of a rooted thrust "because of the extreme i;competency of
the strata, which could not conceivably have transmittedflateral stress
for any appreciable distance." The limestones of Kocagai Tepe end
Ayakli, although fractured throughout, maintained their structural
identity and were apparently more competent than the uniis studied by
Temple, and the possibility of a rooted thrust moving south from the

North Anatolian rise cannot in this area be dismissed.

- ———— —

»




_High—angle normel faults

High-angle normal faults are concentrated chiei.‘ly in the pre-Tertiary
rocks of the northwest-central part of the marped area, whereas faults in
the pre-Tertiary rocks of the southeast pert of the area and in the wide-
spread volcanic rocks of Tertiary age ere relatively rare. This rarity
of faults, however, may be more apperent than real, as the extreme alter-
ation of the Hallaglar and the internal lithologic uniformity of the Halla-
¢lar and the Dede Tepe tend to obscure the evidences of faulting.

The high-angle faults cen be divided into two sets, one striking
N. 20°-45° E,, and the other N. 40°-60° W, Although dips vary locaily
along strike, both sets are essentially vertical, The faults appear normal,
and the throw, based on the displacement of the base of the limestone of
Kbeagal Tepe, is genérally less than 50 m, The northeast-trending set
persists for long distaﬁces along strike, cormonly offsets the northvest-
trending set, and forms a series of horsts and grabens elongated to the
northeast., The Béfset relationship is not constant over wide areas, however,
and it is clear that the northwest-trendine set predates and postdates the
formation of the northeast-trending fault set, Strike slip movement on
the northeast-treﬁding fault set is seen in only one right-lateral fault
that bounds the major part of the Egmir hematite deposit on the north., The
right-lateral cuts and displaces to the right a high-anglé norral fault that
trends north-northeast. lMost of the long, northeast-trending faults cut the
Urestone of Kocagél Tepe and two cut the Bagburun and Hallaglar Formations,
1ndicating that one and possibly all the faults postdate the Miocene. The
Qormal faults are related in time to the intrusion of the granodiorite-

%artz monzonite batholith, and they may have formed as a result of that

latrusion. A number of the high-angle faults, including the definitely
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post-early Neogene (Miocene) fault, are-of pafticular interest as they
are mineralized with galena, sphalerite, chalcopyrite, pyrite, and hematite
after pyrite.

Although the volcanic rocks of the area appear unaffected by folding

and largely unaffected by faulting, positive proof is lacking as the meajor

part of the Hallaglar has been altered and the flow foliation destroyed, and

the major part of the Dede Tepe consists of nonbedded mudflow deposits.
Atttitudes of flow foliation, where preserved in the Héllaglar, and bedding
in the air-~fall tuff of the Dede Tepe show.no coherent structural picture;
the attitudes appear to have been dependent on the configuration of. the'

surface of deposition rather than on postdepositional folding.
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GEOLOGIC HISTORY

The fol;oving sequencé of events, although undoubtedly incomplete and
vith some questions unresolved, presents our ideas on the geologic history
of the mapped area: 1) deposition of mudstone, siltstone, shale, limestone,
and tuff, probably in a marine eugeoclinal environment, prior to the Late ' !
Triassic. 2) Uplift, regional metamorvhism of the section to phyllite,
schists, and marble of the Kalabak sequence, folding of the seguence into !

east-west oriented folds, and possible thrusting of the folded sequence

over higher grade regionally metamorphosed rocks of the same sequence now

exposed in the Kaz dag massif, probably during the Middle Permian or
Hercynian orogenic period. 3) Intrusion of dunite and peridotite bodies,
probably during the Late Permian. L) Erosion. 5) Marine onlap and the
deposition of feldspathic sandstone, arkose, shale, and conglomerate of the
Halilar Formation, during the Late Triassic. 6) Subaerial deposition of the
dacitic volcanic rocks of the Bagburun Formation, during the Paleogene or !
less probably the Cretaceous. 7) Erosion. 8) Movement from the Norﬁh

| lnatolien rjge into the area of one or more low-;ngle allochtﬁonous thrust

or gravity glide ﬁlétes of the limestones of Kocagal Tépe and Ayakli, during

A the early Paleogene or the Cretaceous. 9) Erosion. 10) Subaerial deposition

of the voleanic lavas of the Hallaglar Formation, during the Miocene. 11)

Intrusion of a granodiorite-quartz monzonite batholith followed shortly by

the intrusion of a granitic pegmatite stock and dikes, and accompanied by

folding of the overlying rocks into northeast-oriented folds, during the ;

Yocene. 12) Argillization of the Hellaglar Formation, conversion of the

lron from mafic minerals to pyrite, and the concurrent silicification of

the upper part of the Hallaglar by hydrothermal solutions, serpentinization




[

of the dunite-peridotite bodies (if this had not occurred previously), and
contact netamorphism of the serpentinized duﬁite, during the Miocene. 13)
Erosion. 1U) Deposition of the volcanic rocks of the Dede Tepe Formation
and stocks of similar composition. 15) Erosion. lGi Deposition of lacus-
trine conglomerate, sand, and silt, during the Neogene. 17) Intrusion of
stoéks near Dere&fen, Agagidamlar, and Kedikaya, accompanied, preceded, or
shortly followed by high-angle normal faulting. 18) Local mineralization of
the normal faults with galena-sphalerite-chalcopyrite, stibnite, and
mineralization of some faults and adjacent fault block surfaces with heratite
(iron derived from the oxidation of pyrite near stocks, probably in the late
Neogene. 19) Deposition of alluvium and the formation of landslide deposits

during the Quaternary.

-
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ECOROMIC GEOLOGY

Mineral deposits withiﬁ the study area include hematite, magnetite,
gelena~sphalerite-chalcopyrite, molybdenite, stibnite, and gold. Currently
the only deposits being worked in the area are the hematité deposits of
the Egmir and A§a§idamlar sreas, DBase-metal mining has had a long history
in the area, and was carried on intermittently until the winter of 1968
vhen the Halilar mine was at least temporarily abandoned. Prospect pits
and short adits in deposits containing magnetite, molybdenite, stibnite,
and some base metals all haye been abandoned., Some of these deposits,
however, may be of economic interest, and the extent and tenor of the
deposits should be determined. Magnetite deposits within the area are
tlearly related to the infrusion of the granodiorite~quartz monzonite
batholith; and hematite and base metal deposits are probably also geneticelly
releted to the intrusion of the batholith and its differentiates, but proof

in the form of direct field evidence is lacking.

9l
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Hematite and magnetite deposits

Egmir deposits

The Eqmir hematite deposits lie along the northern part of the
boundary between the d3 and c4 quadrangles, along a northeast-trending
ridge, south of, under, and north of the village of Egmir. The
deposits consist chiefly of a sequence of east-dipping, hematitized,
volcanic breccia beds in which the clasts are silicified rhyodacitic
lava and tuff, and the abundant matrix consists of hard to soft, earthy
hematite. The deposit is exposed to the deepest level in the pif south’
of the villgqe, and there the beds can be seen to be thicker and the
clasts larger toward the west, and thinner and smaller toward the east,
in the direction of dip. Bedding is only rudely developed between
breccia layers, and bédding within the matrix of a single bed is absent.
The northern pit complex appears to have penetrated chiefly the upper

part of a thick, massive, nonsorted, hematitized breccia like that that

caps the deposit to the south.
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The major part of the EEmir deposit is limited on the north by a

northeest-trending high-angle right-lateral fault. The right-lateral
fault cuts an older north-rnortheast-trending high-angle normal fault which
is downthrown on the east. The northern part of the normal fault cuts
across the nose of Tag Burun, and forms the western border of a smell

and low-grade segment of the ore body. The southern part of the normal
feult is largely covered by mire dumps, but it is indicated by a north-
portheast-trending zone of specular hematite that shows slickensides.
Tﬁis‘southern part of the normal fault appears to limit thg,major part

of the ore body to the west. A second high-angle normal fault downthrown
on the west limits the ore body to the east and south of the right-lateral
fault. This normal feult has not been traced as far as the right-lateral
fault, and it appears that the erosion of the velley of the Kalahisar

Dere has removed the former northeastern extension of the ore body.
Structurally the ore body lies in a northeast-trending graben, well
exposed,in.thg ;outhern pit, and apparently only superficially exposed in

the northern rpit.
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Rock surrounding the Egmir deposit consists of intensely and exten-
sively altered rhyodacite of the Hallaglar Formation. The rock, like

tbat over much of the d3, ch, and ¢, quadrangles is largely argillized

1
and partly silicified. The altered rock shows no evidence of the original
feldspar, biotite, amphibole, pyroxene, magnetite, or secondary pyrite.
Rhyodacitic lava and tuff in the area are completely silicified, and only
the original embayed quartz phenocrysts and finely granuler quartz pseudo-
morphs after feldspar indicate the original texture of the rock. Pyrite,
an aburdant constituent of the argillized Hallaclar in most -areas, is
strikingly absent. A roughly rectanguler, 1.45 km long by 1.1 km wide,
prophylitized quartz latite stock and 2 smaller irregular quartz latite
stock intrude the altered rhyodacite only a few hundred metres from the

ore body. High-angle normal faults that cut the country rock abut against,

but do not cut, the stocks. The stocks either postdaste the faults, or the

intrusion of the stocks may have been respomnsible for the feulting,

’

97




Asspidarlar deposit.--Hematite deposits in the Agagidamler aree on

the western border of the d3 quadrangle are strikingly similer to those
in the Egmir area. The mineralized rock near Asagidamlar consists of a
sequence of rudely layered hematitized volcanic breccia, thicker and with
- coarser clasts toward the southwest, and thinner and with smaller clasts
.toward the northeast, the direction of dip. The breccia consists of
angular silicified andesite clasts in a matrix of eerthy hematite. Fossil
leaves, sparse in the Egmir deposits and abundant in the A§a§idamlar
deposits, appear identical to the leaves of the ginar tree (ﬁlane tree)
Platanus sp. that grows in the area today. The depcsit is limited to

the southwest by a northwest-trending high-angle norral fault, downthrown
on the northeast, Silicified andesite forms the upthrown block and
presently contributes a talus of silicified andesite clasts to the surface

of the downthrown block. A prophylitized quertz latite stock like that

near the Egmir area intrudes argillized andesite 1.7 km west of Agaéidamlar,

and the high-angle normal fault noted above abups against but does not
cut the stock. Again pyrite is absent from the argillized andesite in
the immediately surrounding area. We do not believe that these similar-
ities can be considered coincidental, but rather, that they strongly

Suggest a similar origin for the deposits,
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