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THE EXISTENCE OF THE EARLY TO MIDDLE JURASSIC AND EARLY
CRETACEOUS METAMORPHIC EPISODES OBTAINED BY K-Ar
GEQOCHRONOLOGY IN THE DADAY-DEVREKANI MASSIF AND
SURROUNDINGS, KASTAMONU REGION, NORTHERN TURKEY -

DADAY-DEVREKANI MASIFi VE CEVRESINDE (KASTAMONU,
KUZEY TURKIYE) K-Ar JEOKRONOLOJISI ILE BELIRLENEN
ERKEN-ORTA JURASIK VE ERKEN KRETASE YASLI
METAMORFIZMALAR
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ABSTRACT: Daday-Devrekani massif and surroundings are composed of different tectonostratigraphic
units constituting an imbrication structure in the central-westemn Pontides, These units are of Precambrian Daday-
Devrekani metasedimentary group, Paleozoic Tlgaz metasedimentary group, pre-Lower Jurassic Cangal metaophi-
olite associated wilh some blue schists, Barly Turassic Borimee formatien, Middle Jurassic Kastamonu granitoid
belt, Middle Jurassic Goyniikdag contact aureole, and some dynamically metamorphosed rocks derived from all
{he units mentioned above during Early Cretaceous time. Mineralogical-petrographical and geochemical studies
have concluded that there were different metamorphic units metamorphosed under different conditions in diffe-
rent geodynamics during different time spans. K-Ar datings, carried out in the hornblendes, biotites, muscoviles,
wholerocks and fine-grained fractions from these different tectonostratigraphic units, have revealed that two me-
tamorphic episodes have affected this imbrication structure. The first metamoxphic episode is of LP/MT in cha-
acter which has occurred during Early to Middle Jurassic time. The cooling age of the plutons from the Kastamo-
nu granitoid belt is alse synchronous with this Early to Middle Jurassic metamorphic event. The second meta-
morphic cpisode, possessesing a HP/LT nature, has occurred during Early Cretaceous time. This Early Cretaceous
high-pressure metamorphism seems o create the glaucophane schists in the Cangal metaophiolite, uliramylonites
from the Daday-Devrekani metasedimentary group, mylonitic granites from the Kastamonu granitoid belt, and
mica-schists in the Ilgaz metasedimentary group. From the geodynamic point of view, the first metamorphic epi-
sode, associated also with the cooling age of the Kastamonu granitoid belt, seems to be related to the subduction-
collision system of the paleo-Tethyan oceanic vealm. As for the Early Cretaceous second metamorphic episode, it
is considered to be associated with the juxtaposition of the Anatolides and Pontides.

Key Words: Daday-Devrekani Massif, K-Ar Dating, Western Pontides, Kastamonu Granitoid Bélt, paleo-
Tethyan.

O7: Orta-Bat1 Pontidlerde ytizeylenen Daday-Devrekani Masifi ve yakin gevresi, imbrikasyon yapisi gbste-
ren gesitli tektonostratigrafik birtiklerden olugmaktadir. Bu birlikler Prekambriven yash Daday-Devrekani meta-
sedimanter grubu, Paleozoyik yagh ligaz metasedimanter grubu, Alt Jurasik dncesi yagh Cangal metaofiyoliti ve
ilgili mavigistler, Erken Jurasik yagh Bortimee formasyonu, Orta Jurasik yagh Boriimee formasyonu, Orta Jurasik
yagh Kastamonu granitoyid kugags, Orta Jura yash Goyntikdagr kontakt metamorfiti ve ERken retase yagh dina-
mik metamorfizma sonucy yukarida sayilan tim bu birimlerden itibaren tiremig olan kataklastik kayaglardan
meydana gelmekiedir.

Mineralojik-petrografik ve jeokimyasal galigmalar sonucunda, imbrike yap gdsleren bu birliklerin; degisik
jeolojik zamanlarda, fmkh jeodinamik ortamlarda ve metamorfizma kosullarinda etkin olan farkh metamorfik
olaylarla meydana geldikleri belirlemnistir. Hormblend, biyotit, muskovit, tiimkayag ve kilboyu fraksiyon lizerin-
de yiiriitillen K-Ar radyometrik yag tayini galigmalar1, bu imbrikasyon yapssiun iki farkl: metamorfizmadan etki-
lendigini ortaya koymugtur. Birinci metamorfik ofay Erken-Orta Jurasik déneminde gergeklesmis olup dilsiik ba-
sing/orta sicakhk karakteri sergilemektedir. Kastamonu granitoyid kugaginm sofuma yast da aym zamanda bu
metamorfizma ile eszamanlilik gostermektedir. Ikinci metamorfik olay ise Erken Kretase déneminde etkin olmug-
tur ve yiiksek basing/dilsiik sicaklik karakteri gostermektedir. Erken Kretase yagh bu yitksek basmg/diisiik sicak-
Lsk karakteri g8stermektedir. Erken Kretase yagli bu yitksek basing metamorfizmass, aynt zamanda, Cangal metao-
fiyolitindeki glokofan sistleri, Daday-Devrekani metasedimanter grubundaki ultramilonitleri, Kastamonu granifo-
yid kugagmdaki milonitik granitieri ve Igaz metasedimanter grubundaki mikagistleri de meydana getiren meta-
morfizma olarak degerlendirifmektedir. Jeodinamik konum bakimndan irdefendiginde, Kastamonu granitoyid ku-
gaginin sofuma yagiyla da birtik olusturan Erken-Orta Jurasic yagh birinei metamorfizmanin paleo-Tetis okyanu-
sal alamunin dalna-batma / carpigma sistemiyle; Erken Kretase yaslt tkinei metamorfizmanin ise Anatolid-Pontid
kenetlenmesiyle ilgili olabilecegi ileri stiriilebilmektedir.

Anahtar kelimeler: Daday Devrekani Masifi, K-Ar yagi, Bati Pontidler, Kastamonu Granitoyid kusags, pa-
leo-Tetis. ’
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Sekil 1.

Figure 1.

Merkez Bati Pontidlerin taslak jeolojik-yapisal haritas: (Yilmaz ve Boztug 1986 tarafindan yapilan harita temel alin-
mugtir). Dikdortgen gekil 2 a'm lokasyonlarim gostermektedir.

1. Ofiyolitik, metaofiyolitik birlikler Ofiyolitik tektonik meljlar; 2. Paleozoyik metamorfikler; 3. Paleozoyik - Meso-
zoyik (Erken Jurasik) ankimetamorfik 6rtli ve Senozoyik diyajenetik ortii; 4. Prekambriyen metamorfikleri; 5. Orta
Jurasik yagh Kastamonu Granitoyid kugagi plittonlar,

Sketch geologic-structural map of the North-Ceniral Tuskey, based upon Yilinaz and Boztug (1986). The rectangle in-
dicates the location of Figure 2a.

1.0phiolitic, metaophiolitic assemblagesand ophiolitic tectonic melanges; 2. Paleozoic metamophics; 3. Plaezoic-Me-
sozoic (Early Jurassic) anchimetamorphic cover and Cenozoic diagenetic cover; 4. Precambrian metamorphics; 5.
Plutons of the Middle Jurassic Kastamonn granitoid beit.
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TFable 1. Rock type, HT mineral assemblages and geographic coordinates of the studied samples.

"T'ablo 1. Cahsilan Srnellerin kayag tiplert, HT mineral topluluklan ve cografik koordinatlar.

Actklamalar: qu, kavars, pl, Pliiyoklaz; bi, biyotit; hb, hornblend, ec, kalsit; di, diyopsit; ep, epidot; zr, zirkon; tur, turmalin; ap,
apatit; mu, muskovit; sph, sfen; ser, serisit; sil, sillimanit; gar, granat; ch, klorit, op, opak mineral; tr/fact, tremolit/akti-
nolit,

Rock type/HT mineral assemblage Geographic coordinate

Samaple

Daday-Devrekani Metasedimentary Group (DDm)

Guetsses

-365 vartz-feldspar gneiss/quiplikithi 34°00°E, 41°38'N
0Y-3671 alc-silicate gnelss/hbroctdieptpl 34°00°E, 41°38'N
QY-368 wartiz-feldspar gneiss/ kfibitqutzriturtap 34°00'E, 41°38'N
QY.381 uartz-feldspar gneiss/c{;}li-k&gl.tmu:tzr 34°01'E, 41°38'N
OY-3832 omblende gneiss/ hbibitquitpltchtepizriap 34°01'E, 41°38'N
0Y-389 Amphibclite/nbtpltsphtapttur 34°0L'E, 41°39'N
0Y-4382 Homblende gneissfbibitquipktsphieptser 34°01'E, 41°38'N
Y-455 Garmnet-siliimanite-bi°tite gneiss/qutsilrgartbitmutch 34°03'E, 41°40'N
0Y-532 Mica gneiss/qukftpltbitmutzitapt’p 34°01'E, 41°38'N

Ultramylonites
Ilgaz Metasedimentary Group (I}
Schists

84 MB 6 Ultramylonite

84 MB1 Micaschist 33°48°E, 41°05'N
84 MB2 Micaschist 33°4R'E, 41°05'N
84 MB3 Micaschis 33°4R'E, 41°05'N
84 MB 4 Micaschist 33°48'E, 41°05'N
BK-2 Micaschist/qudmuztcht *prapttar 34°06'E, 41°13'N
BK-28 Micaschist/qetmutchtbitapsurt®ptzr 34°04'E, 41°10'N
BK.31 Micaschist/quimutchibi 34°04'E, 41°26'N
V89 Micaschist/mu+bitquitchtce 34°07'E, 41°16'N
V8222 Cale-schist/cetquimudcht®piur 34°03'E, 417 16N
Red Argiilites ) .

84 MB 19 Red argillite 34°00°E, 41°15'N
84 MB 20 Red argillite 34°00'E, 41°15'N
84 MB 21 Red argillite 34°00'E, 41°15°N
84 MB 22 Red argillite 34°00'E, 41°15°N
84 MB 23 Red argillite 34°00°E, 41°15'N
84 MB 24 Red argillile 34°00°F, 41°15'N

angal Metaophiofite ()
adiolarites

84 MB 14 Radiolarite 33°06'E, 41°14'N
84 MB 15 Radiolarite 33°06'E, 41°14'N
84 MB 16 Radijolarite 33°06'E, 41°14'N
84 MB 18 Radiotarite 33°25'E, 41°16'N
Merabasites

QY475 Metabasite/hbspltqutep 34°05'E, 41°40'N

Glaucophane-schists

Orr}m hyllonites
§4 MB 75

Lawsonite-glaucophane schist

34°03'E, 41°16'N

Orthophyllonite 34°07'E, 40°59'

GC-191 Orthophiyllonite/sertehtqu 34°04'E, 41°26'N
QY-137 Orthophyllonite/qutplimutch 34°01'E, 41°37'N
°Y-156 Onthophyllonite/mutchtqutop 34°06'E, 41°42'N
°Y-4193 Onthophyllonite/quisertplichteptce 34°03'E, 41°41'N
°Y-432] Orthophylionite/sertchteptquitr/actop 34°03'E, 41°41'N
°Y-710 Orthophyllonite/qutchipliser 34°02°E, 41°3TN
Borinnce Formation (jib)
Sandsiones

4 MB 7 Sandstone 34°07'E, 41°43'N
84 MB 8 Sandstone 34°07'E, 41°43'N
Argillites
84 MB 12 Argillite 33°44'E, 41°52'N
84 MB I3 Argillite 33°44'E, 41°52'N
QE-90 Argillite 33°538'E, 41°46'N
oY-12 Arxgillite 34°01'E, 41°32'N
0Y-224 Argillite 34°05'F, 41°39'N
OY-658 Argiliite 34°07'E, 41°43'N
0Y-662 Argillite 34°07'E, 41°43'N
Sericite schist
0Y-11 Sericite schistfsertchtquiplthitmutee 34°01'E, 41°32'N

Kastaimonu Granitoid Belt (Kgb)
Diorites

OY-335 Diorjte/pl+hbibitchtsertqutop 34°00E, 41°41'N
0Y-336 Diorte/plthbibitchtquiser 34°00'E, 41°4I'N
0Y-349 Dirite/plthbisphisertchtop 34°03'E, 41°42'N
Pegmatites

84 MB 35 Pegmatite/kftquima 34°01'E, 41°38'N
%}1 E\/IB. 11 Pegmatitefkfiqutmu 33°59'E, 41°50'N

flonites
0Y-3501 Diorite myl°nite/hbHrfactplichibi 34°03'E, 41°42'N

Goyniikdag Contact Metamorphics (Gmy)

Plhyllites
84 MB 10
YB-290
.\S{err’cr‘re schists

Phyllite .
Phyllitefsertch+qutmutbitpl

Sercite schist/serbehimutbitquiop

34°05'E, 41°48'N
33°58E, 41°49N

33°58°F, 41°4R'N

Fxplanation: qu, quarz; pl, plagicclase;
turmaline; ap, apatite; mu, muscovite; sph

tinolite,

kf, R-feldspar; bi, biotite; b, homblende; cc, calcite; di, di
, sphene; ser, sericite; sil, sillimanite; gar, gamet; ch, chlorite; op,

opside; ep, épidote; zr, zircon; tur,
opague mineral; trfact, tremolite/ac-
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Sekil 2.
Figure 2,
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Caligma alanmnin basitlestirilmig jeoloji haritas: (Mevki igin sekil 1'e bakiniz) 2.b Sekil 2a'daki kilgiik bir alanm detay
jeoloji haritass. Ddm, Daday Devrekani metasedimenter grubu; Cm, Cangal metaofiyoliti; Im, Ilgaz metasedimenter
grubu; Pme, Paleozayik-Mesozoyik (Erken Jurasik} ankimetamorfik-sedimenter ortli; Kgb, Kastamonu granitoyid ku-

saff; Gm, Goyntikdag: kontakt metamorfikleri, Mec, Mesozoyik-Senozoyik sedimenter &rtit; peg, Gilrlevik gnaysi;

peb, Bagakpar metakarbonats; Job, Dibekdere meta ultramafikleri; Jok, Karadere metabaziti; Jib, Boriimce formasyo-
nu; Ja, Asarctk diyoriti; Im, Muznp formasyomy; Ty, Yukarkdy formasyonu; K¢, Catak formasyonu; Kk, Kirensikii-,
sti formasyonu; Tk. Kayaardi formasyonu, Tg, Ciiniir formasyonu.

Simplified geoloic map of the study arca (see Figure 1 for the location); 2b. Detailed geological map of the dashed
area in Figure 2a. DDm, Daday-Devrekani metasedimentary group; Cm, Cangal metaophiolite; Im, IFI gaz metasedi-
mentary group; PMec, Paleozoic-Mesozoic (Early Turassic) anchimetamorphic-sedimantary cove; Kgb, kastamonu gra-

nitoid belt; Gm, Goyniikdagi contact metamerphics; MCe, Mesozoie-Cenozoic sedimentary cover; peg, Giirleyik

gneiss; pe b, Bagakpinar metacarbonate; Jod; Dibekdere metaultramafics; Jok, Karadere metabasite; T1b, Borthmee for-
mation; Ja, Asarcik diorite; Jm, Muzrup formation; Jy, Yukarikdy formation; K¢, ¢atak formation; Kk, Kirensékiisti
formation; Tk, Kayaard: formation; T¢, Cilniir formation.
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Sekil 3. Bériimce formasyonu 84 MB 8 nolu drneginde irt taneli muskovit rnegindeki yelpaze sekilli bitytimenin goriintimi;

a. diigtik bilyiime; b. a zonunun daha yiilksek biiytimesi. ,
Figure 3. Coarse detrital muscovite of sample 84 MB 8 from the Boriimee formation showing the progressive fan out of its ed-
' ges; a. low magnification; b. higher ma gnification of zone a.

INTRODUCTION

There are varicus tectonostratigraphic units consti-
tuting the paleo-Tethyan imbrication system in the Da-
day-Devrekani massif and surroundings in the outer zo-
ne (Adamia et al., 1980) of the central western Pontides
(Ketin, 1966} in northern Turkey (Figure 1). These
constituents, ranging from Precambrian to Early Creta-
ceous in age, are composed mainly of hihg/medium-gra-
de crustal metasediments, low-grade metasediments and
anchimetamorphic/diagenetic epicontinental/epiophioli-
tic cover, metaophiolitic assemmblage associated with
blue schists, subduction and collision related granitoid

plitons, and mylonitic rocks derived by the later ductile
and sometimes brittle deformation from all these units
mentioned above (Yilmaz and Boztug, 1986; Boztug
and Yidmaz, 1995). These different tectonostratigraphic
units, studied in detail, have been called Daday-Devre-
kani metasedimentary group (Yilmaz, 1979, 1980, 1981;
Boztug, 1988, 1992), ligaz metasediments (Yilmaz and
Boztug, 1986), Samatlar group (Boztug, 1992, 1989a),
Cangal metaophiolite (Yilmaz, 1983a,b), Kastamonu
granitoid belt formed by the subduction (Yilmaz and
Boztug, 1986) and collision (Boztug et al., 1995) related
granitoid piutons, Goyniikdag: contact metamorphite
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Table 3. K-Ar isotopic data of mineral and wholerock samples from the Daday-Devrekani massif and surroundings, central-

western Pontides, Turkey.

Tablo 3. Daday-Devrekani masifi ve yakin gevresindeki Merkez Bati Pontidler'den ahnan minerale ve tiim kayag drneklerinin
K-Arizotop veriler.

Agiklamalar: WR, Tim kayag; At, attapul
mektit karrgimy; Gla, glokonit; 8,

fablo 1'e bakiuz.

it; [60+Ch40, %60 ilit +% %40 klorit; I+ Ch, illit-klorit kan m1; C-8, Klorit - si-
imektit; C-V klorit - vermikitlit karigim. ¥az **bol ***gok bol. diger simgeleri igin

Tample Mineral RKy00%) TUAT g 7A0ATof (5F) AT qaiolig) HMazI
Daday-Devrekan! Metasedimentary Group (DDm) '
Gneisses
0Y.-365 Bi 582 8} 878 31 162t
)8%.7 328 1635
OY-367 Hb 1.51 (Iy82.7 9.9 19646
(1)92.0 10.04 19546
0Y-368 Bi 8.26 8 93.3 300 17945
3950 506 17945
OY-181 Mu 79N 94,0 45,6 16844
OY-383, WR 4.00 96.0 229 169+5
Bi 6.22 94,6 358 17044
OY-38% Hb 0456 712 273 17748
QY-438, Bi 5.05 94.6 25.66 15134
- Hb 1.0 300 5.66 1666
0Y-455 Bi 4.70 90.4 23.64 149+4
0Y-532 Bi 941 $6.7 489 15444
Utranylonites
MB 6 ApERE L[ 2,54 62,1 9,08 10716
Hpsz Metasedhnenlary Group (Int}
R 1 5 5 ‘ 2746
84 Tent .21 35.6 22,16 1274
84 MB 2 15,‘?,13};8 584 03.1 2266 11645
84 MB3 13510055 6.28 914 215 13145
84 MRB 4 TantChyg 530 95.3 244 13746
BE-2 M3 383 RS2 1463 11523
BK-23 TentClyg 4,11 534 13,05 065
BK-31 I7ptChyg 3.5% 81,9 20.25 11043
V59 TpiCing 473 82.0 14.03 9013
VS-222 L 372 76.2 7.5 19246
Red Argillites
84 MR 19 Tl g 2175 §7.2 11.80 16147
84 MB 20 I7¥Chag 2.29 74.0 11.31 14747
34 MB21 TygtCligs 298 84.7 16.36 16247
84 MB 22 T75+Chyy 332 734 17461 1577
34 MB 23 IgntChisy 1816 8938 20.37 16648
84 MB 24 GgtChyg 3.50 gt9 17.95 15257
Cangal Metaophlolite (G}
Rodiolarites
4 14 WR g L17G 664 0,986 163+13
I+ Ch "HCS) 8,503 37,90 254 150£12
84 MB 15 WR 0,964 76.7 511 15147
LintChgg 1.314 73.7 3.00 18048
84 MB 16 &% 0.240 60.0 1174 14618
84 MB 18 IgtChy (I8} 4,43 857 20,37 13746
Metabasites
OY-475 Hhb 0138 454 0.7t0 153t16
Cangal Metaophlelite (Cmj
Glaucophane schists
-2 Hb 0.219 55.5 0.793 10949
Glada) 0.241 37,7 0389% 11249
Glalb) 0.347 56.1 £.237 10747
Gla(c) 0681 74.9 2.501 11445
Orihophyllonites
84 MB 15 13ptCigg 1,358 54.3 337 7515
GC-191 IgptCiygtSig 573 844 23.3 12344
0Y-137 IgptClhg 4136 873 18.33 12644
0Y-156 Tsunt+Chnm 0,677 57.5 248 11045
Y4193 I7gtChag 4.14 86.6 1593 11504
QY4320 \?/?{ 298 89.6 13.0% 13044
0Y-T10 I7pChag 545 731 262 14344
Biriimee Forntation (J1b)
Sundstones
S4MB7 Mu 9.40- 94.3 108.7 367116
84 MB R Mu 8.27 959 1139 M55
Arpillites
L MB 12 I3 ClypKI-8) 2,95 91.1 17.61 20245
84 MB 13 65+Ch3g 4.83 93.5 208 18244
oF-80 TgnrCispt(I-5) 2.83 89.2 238 43211
0Y-12 T7tChyg 4.98 273 28.5 1695
OY-224 IentChag 690 93.9 417 17845
OV-658 184 Cgg 503 919 350 17145
OY-662 IggtChyg 492 92.9 261 16915
Sericite schist
oY-11 T75tCiyg 5.53 219 31.0 16644
Kastamonu Granftold Belt (Kgh)
Digrites
OY-335 Hb 0,697 794 342 14616
OY-336 Hb 0832 709 4.98 17647
Bi 4.10 873 2247 16245
oY-M9 8i 551 89.7 299 16114
Pegmatites
84 MBS Mu 1005 82.7 58.6 157%%
44 MB {1 KF 16.04 98,8 718 13416
Mu 11.13 03.7 103.4 267412
Mylonizes :
QY-350; Hb 0457 (D504 1589 10516
(I)69.1 1.774 11646
Goynikdngy Contact Metamorphles (Gm}
Pliytlites .
84 MB 10. 170t Clypt(C-V) 522 88,1 320 13048
YB-290 T752CH gH(C-V) 320 90.3 273 245xt1
Sericite schiste
YB-93 T3 Chag(C-V) 3.57 91.8 24,1 20449

Explanation: WR, whelerock; A, attapulgile; 160 £ Chdd, 60 % illite + 48 % chl
planconite; S, smectite; C-V, chlorite-vennucilile mixed layer; *scarce; ¥*ab

orite; I+Cl, illite-chlorite mixed-layer; C-S, chiorile-smectite mixed iayer; 1.5, illite-smectite mixed layer; Gla
See Tablé 1 for other abbreviations of minecals,
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(Yihmaz and Boztug, 1985, 1987a), and cataclastic rocks
formed along some major thrust zones (Yumaz, 1979;
Boztuf, 1988; Boziug and Yilmaz, 1995).

This paper deals mainly with the existence of two
metamorphic episodes, based on K-Ar datings, which
have affected some of these different units. As clearty
seen from the data given above, these tectonostratigrap-
hic units are composed of different lithology and mine-
ral assemblages. That is why some different minerals
and/or mineral associations have been analysed to get
correct and utilizable results with the K-Ar dating tech-
nique.

SAMPLING AND ANALYTICAL PROCEDURES

As weathering processes in northern Turkey may re-
ach locally up to several decameters in some units, fresh
outcrops are scarce and can only be found along new ro-
ad cuis and in deep valleys. All geochronological samp-
les (Table 1) were carefully collected from these fresh
outcrops and selected after thin section contrel and who-
lerock X-ray diffraction examination. Mineral separati-
ons include HT igneous and metamorphic minerals and
fine-grained fractions finer than 2 m, i.e, clay minerals.
Untransformed hornblendes, muscovites, biotites and
glaucophanes were carefully selected and purified be-
fore being regarded as convenient for K-Ar analysis. X-
ray diffraction analysis of fine fraction was performed
on unireated, glycolated, and heated oriented samples.
K5O content of each sample was obtained through acid
dissolution of 30 mg aliquots by atomic absorption
{AAS) analysis. The precision of the X0 conient is es-
timated at + 2% (15). Argon concentration was determi-
ned through isotopic dilution using a 6 cm radius mass
spectrometer in the static mode, The atsmospheric argon
ratio of the machine is 40Ar / 36 Ar=295.6 £ 0.7 (lo).
The argon content of the Glo standard was measured as
24,86 £ 0,19 (1) nl/g in agreement with the recommen-
ded value which is of 24.86 nl/g (Odin, 1982). Numeri-
cal dates of the geological time scale refer to Odin
(1982), Palmer (1983) and Hag et al. (1987). Age calcu-
lation use the constant recommended by Steiger and Ja-
ger (1977). Error calculations follow the method propo-
sed by Mahood and Drake (1982}, and isotopic lines are
best-fit lines calculated after Williamson (1968).

All the analytical studies were carried out at the la-
boratories of the Institut Dolomieu in Grenoble, France.

GEOGOLICAL SETTING

As mentioned above, the Daday-Devrekani massif
and surroundings, taking place in the outer zone of the
central-western Pontides, seem to be a part of an imbri-
cation structure derived by the thrust tectonic regime re-
Iated to the evolution of the paleo-Tethyan system (Sen-
gir et al., 1980; Sengdr and Yilmaz, 1981; Yimaz and
Boztug, 1986; Sengiin et al., 1990; Boztug and Yilmaz,

1995). Some mineralogical-petrographical and geoche-
mical-petrological studies (Yilmaz, 1979, 1980, 1981,
1983a, 1983 b, 1984, 1988; Boztug, 1983, 1987, 1988,
1989a, 1989b, 1992; Yilmaz and Boztuf, 1984, 1985,
1986, 1987a, 1987h; Boztug and Yilinaz, 1983, 1985,
1987, 1989, 1991a, 1991b, 1995; Bonhomme and Yil-
maz, 1984; Boztud et al., 1984, 1995;) carried out in the
Daday-Devrekani massif and surrounding parts of this
imbrication system, permit better to define the different
metamorphic rock units on the basis of (1) their initial
source and geodynamic environments, (2) their relative
ages, and (3) the various metamorphic P/T conditions
{Table 2). The main geological features of different tec-
tonostratigraphic units, constituting this imbrication
Systermn, can be smmmarized, from boitom to top, as fol-
low:

Daday-Devrekani Mctasedimentary Group (DDm):
This group has been firstly identified as Precambrian in
the northeastern part of the Daday-Devrekani massif
(Fig. 2) by Yimaz (1979, 1980}, It represents the base-
ment crustal metamorphic rocks in the stodied area.
These high- to medium-grade crustal metasediments,
overlain by fossiltiferous Lower to Middle Paleozoic se-
dimentary-anchimetamorphic units, are also exposed in
the soutwestern part of the Daday-Devrekani massif
(Boxtug, 1988, 1989a, 19890, 1992). The index meta-
morphic minerals observed in the DDm (Table 1) indi-
cate that it was submitted to a HT/MP type metamorphic
event locally teaching partial melting (Yilmaz, 1981,
1984). This result suggest that the DDm would be part
of the southernmost edge of the Eurasian continent. On
the other hand, a LP/L-MT retrograde metamorphism
was superimposed upon the whole DDm. Apart from
this latter retrograde event, some ultramylonites with
very low-grade retrograde metamorphic mineral as-
semblages can be observed in some shear zones develo-
ped during the final stages of collision, i.e. juxtaposition
of this Precambrian crustal metasediments with the pre-
Lower Jurassic Cangal metaophiolite (Fig.2).

The Hgar Metasedimentary Group (Im): It consists of
Paleozoic metasedimentary rocks metamorphosed du-
ting the Early Alpine period. It involves metamorphic
rocks in the greenschist facies (Table 1).The Im has be-
en affected by a HP/LT dynamic metamorphism similar
to that of the Cangal metaophiolite.

The Cangal Metaophiotite (Cm): The pre-Lower Ju-
rassic Cangal metaophiolite is a well-preserved frag-
ment of the paleo-tethyan oceanic crust. This sequence
outcrops between the DDm and the Im as a tectonic slab
(Figs. 1,2). The typical mineral assemblages of the Cm
represent the metamorphic facies trom LP/LT greens-
chist to epidote-amphibolite. These assemblages are
believed to have been formed by in-sita ocean floor me-
tamorphism (Yi1lmaz, 1983, 1988, Yilmaz and Boztu§,
1986). After this in-situ ccean floor metamorphism, the
Cmn probably was metamorphosed in the deepermost
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parts of the subduction zone, as it yields some glaucop-
hane-schist and eclogitic rocks in the Elekdag region,
some 50 km northeast of Kastamonu city (Fig.1). The
Cm has also been metamorphosed under the low-grade
retrograde cataclastic metamorphic conditions along so-
me shear zones developed during the final stages of col-
lision, i.e. juxtaposition with the DDm (Ydmaz and
Boztug, 19846).

Bériimce Formation (Jib): The Lower Jurassic,
probably Triassic-Lower Jurassic Borimce formation
consists typically of black colored flyschoidal rocks
composed of sandstone-siltstone-claystone alternation.

The Bériimce formation can also be regarded as an anc-

himetamorphic unit according to clay mineratogy and il-
lite crystallinity index studies (Ataman et al., 1977; Boz-
tug and Yilmaz, 1985). All the rock types of the Bortim-
ce formation, e.g. the sandstones, claystones and siltsto-
nes represent a good slaty oriented groundmass consis-
ting of sericite and chlorite under the microscope. The
rocks of the Boriimece formation are locally cut by some
platons of the Kastamonu granitoid belt forming some
contact aureoles among which the most typical one is
called Goynitkdagi contact metamorphics in the Goy-
niikdagi-Bozkurt region, nort of Kastamonu city (Yil-
maz and Boztug, 1985; 1987a).

Kastamonu Granitoid Belt (Kgb): Some granitoid -

plutons, belonging to the Middle Jurassic Kastamonu
granitoid belt of Northern Turkey (Yiimaz and Boztug,
1986), cut the DDm, Cm and Jib onits (Figs. 1,2).
Among these plutons, the Asarcik diorite is seen 1o int-
rude both the DDm and Cm (Fig. 2). Some plutons of
the Kgb, e.g. the Asarcik diorite, Agh-Senlikkdy and
Sallamadag platons, are depositionally covered by the
Middle-Upper Jurassic Muzrup formation (Fig.2) indi-
cating a pre-Middle Jurassic age for these plutons, On
the other hand, a HP/LT dynamic metamorphism has al-
so affected the plutons of Kgb that preduced some gra-
nite mylonites. This dynamic metamorphism can also be
related to the juxtaposition of crustal and oceanic as-
semblages.

Goyniikdag: Contact Metamorphics (Gm): The
most spectacular one of the contact aureoles developed
around the plutons of the Kastamonu granitoid beli is
the Goyniikda contact aureole. This contact aureole,
consisting mainly of spotted slates, spotted schists,
phyllites, spotted hornfelses and knotted hornfelses (Y1l-
maz and Boztug, 1985, 1987a: Boztug, 1987), has been
developed by the Ahicay-Elmaligay pluton intruding the
Boriimee formation in the GoOyniikdaf region of the
Bozkurt-Kastamonu area {Fig. 2). The thickness of this
aureole can attain up to 600 meters in some localities.

EARLY TO MIDDLE JURASSIC
METAMORPHIC EPISODE

The Daday-Devrekani metasedimentary group, red
argillites from the Ilgaz metasedimentary group, radiola-

rites and metabasites of the Cangal metaophiolite, black
argillites in the Boriimee formation, and phyllites of the
Goyniikdapi contact aureole seem to have been affected
by this metamorphic episode (Table 3). On the other
hand, some hornblendes and biofites extracted from the
unmetamorphosed and fresh dioritic rocks of the Asar-
c1k diorite (Y1lmaz, 1979, 1981; Boztug et al., 1995) be-
fonging to the Kastamonu granitoid belt also yields the
K-Ar cooling ages which are synchronous with this me-
tamorphic episode (Table 3). Such a contemporary rela-
tion between the igneous and metamorphic units reveals
that the igneous and-metamorphic events must be asso-
ciated with each other, at least, in space and time, wha-
tever the mechanism of the igneous or metamorphic pet-
rogenesis. The K-Ar ages defermining this metamorphic
episode and cooling age of the plutons, depending on
the nature of the units, can be briefly summarized as fol-
low.

Daday-Devrekani Metasedimentary Group: At a
first approach, the K-Ar amphibole and biotite ages of
this unit range from 196 to 166 Ma, and from 179 to 149
Ma, respectively. The muscovite gives an age around
168 Ma. As for the wholerock K-Ar age in the Daday-
Devrekani metasedimentary group, it determines an age
of 169 Ma (Table 3). These data clearly show that an
Early to Middle Jurassic metamorphism has affected
these high- to medium-grade crustal metasediments. On
the other hand, one can easily notice that the apparent
ages of the amphiboles and muscovites are the oldest,
and the biotites being slightly younger. There should be
two explanations for such a context, either the crystalli-
sation or neoformation, or the so-called argon loss until
the blocking temperature is reached (Dodson, 1973;
Purdy and Jager, 1976), Whatever the mechanism, the
minimum temperature required is 400 to 450 °C. Such a
temperature already corresponds to lower greenschist to
upper epidote-amphibolite facies (Miyashiro, 1973). The
younger biotite ages may thus be related to the tempera-
ture cooling after the metarnorphic climax whose age is
given by amphiboles and muscovites, Amphibole, ext-
racted from OY-367 sample, is significantly older than
the other amphiboles. It contains a small amount of di-
opside visible-in thin section. As pyroxenes generally
contain excess argon (Tougarinov, 1965); this result
may be regarded as erroneous. In these conditions, the
metamorphic climax should be set at the latest at the da-
te defined by amphiboles and muscovites, or at a
slightly older date, i.e. 170410 Ma.

The Daday-Devrekani metasedimentary group is
stratigraphically older than the Early Paleozoic as it is
overlain by an Early to Medium Paleozoic fossiliferous
anchimetamorphic to sedimentary sequence (Boztug,
1988, 1989a, 1992). Thus, the metamorphic event dated
here at 170+10 Ma can not be the first structuration me-
tamorphism, The K-Ar apparent ages of all HT minerals
correspond to an argon fotal loss related to this secon-
dary event, i.e. the Early to Middle Jurassic meta-
morphic episode. : :
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Itgaz Metasedimentary Group: The Iigaz metase-
dimentary group consists of schists, phyllites and red ar-
gillites. Schists and red argillites were selected for the
K-Ar geochronology. Schists yield some scattered ages
ranging from 192 to 90 Ma both on muscovite and fine
fractions (Table 3}, however. most of the samples deter-
mine the Eatly Cretaceous age (see further), Apart from
the schists in the Ilgaz metasedimentary group, a suite of
red argillites have been sampled around Akkaya village,
between Kastamonu and Tosya (84 MB 19 to 24) (see
Fig. 2), for the K-Ar dating. Fine-grained fraction ages
of these red argillites range from 166 to 147 Ma. The X-
ray diffractograms show that the youngest samples disp-
lay the worst crystallized illites. A possible interpretati-
on of the apparent age variations is a partial loss of radi-
ogenic argon related to this mineralogical partial altera-
tion of the illites connected to the younger event (see
further). Thus, a Middle Jurassic tectono-thermal event
seems {o be responsible for the neoformation of the fine-
grained mineral association of the red argillites in the Ii-
gaz metasedimentary group,

Cangal Metacphiolite: The radiolarite and metaba-
site types of rocks of the Cangal metaophiolite yield so-
me apparent K-Ar ages sometime around Early to Midd-
Ie Jurassic, whereas the blue schists and orthophyiloni-
tes determine a clear Early Cretaceous age. Wholerock
and fine-grained fraction K-Ar ages of four radiolarite
sample, taken from the Arag district in Kastamonu regi-
on (Table 1), are widely scattered, from 180 to 137 Ma
(Table 3). The mineralogy helps in understanding these
data as the amount of interlayered minerals (illite-smec-
tite and chlorite-smectite) is higher in the youngest
samples, i.e. in the 84 MB 14 and 18 samples, This me-
ans that these samples were slightly weathered, and that
their K-Ar apparent ages are no more geologically signi-
ficant. In addition to the radiolarites, a metabasite samp-
le from the Cangal metaophiolite has also been studied
for the X-Ar dating (Table 1). The green hornblendes,
extracted from this metabasite sample OY-475, has also
yielded an age of 153 Mg, i.e. Middle Jurassic (Table 3).
The most striking meaning of these data obtained from
the Cangal metacphiolite that this Early to Middle Juras-
sic metamorphic episode must have been active after the
ophiolite obduction, since it has affected already obduc-
ted ophiolitic slabs, both of the metabasites and initial
epiophiolitic cover,

Bordimcee Formation (JIb): The Lower Jurassic
Boriimce formation is made up of marly black shales,
argillites, sandstones and siltstones. Among these litho-
logies, some argillites and sandstones have been analy-
sed for the K-Ar geochronological study (Table 1). Det-
rital coarse muscovites, extracted from two sandstone
samples in the Bériimce formation, determine some old
ages of 367 and 341 Ma (Table 3). These ages may be
either the true age of detrital material of Variscan origin,
or the partially reset ages of old muscovites, perhaps of
Upper Precambrian origin. Some Variscan units are

known around the region studied. They are the Arda
granitoids in the South Bulgaria (Durand-Delga et al,,
1988), the Sakar granitoids in the Rhodope massif in
Greece (Ivanov, 1988), and other plutons in the eastern
Pontides (Bergougnan, 1987). There are also some Pre-
cambrian medium to high-grade metasediments, contai-
ning muscovite minerals, just in the Daday-Devrekani
massif (Yilmaz, 1980, 1981; Boztug, 1992), in the Bitlis
massif {Yimaz et al., 1981) and in the Apulo-Anatolian
micro-continent. Then, such an origin is possible for
these large detrital muscovite flakes in the sandstones of
the Bdriimce formation. SEM observations of muscovite
flakes show that these minerals are partially opened and
fan out on their borders. This might have induced a par-
tial isotopic opening up. Then, the more likely origin for
the detrital muscovites present in the Boriimee formati-
on sandstones is to be tought in Precambrian rocks of
the surrounding area. As for the K-Ar ages of the argilli-
tic rocks of the Birlimce formation, the oldest age has
been obtained from the sample OE-90 which is of 243
Ma (Table 3). This age is also considered to reveal a sig-
nificant contribution of detrital clays, or better, of deiri-
tal very small {finer than 2 m) muscovites or sericites.
Other argillitic samples, e.g. samples OY-11, OY-12,
OY-638, 0Y-662 all have the same conventional ages,
nearly 170 Ma (Table 3). In a 40 Ar/36 Ar vs 40 K/ 36
Ar diagram, the fine-grained fractions of these four
samples, sampled from the same location, define an iso-
topic line with the following characteristics: age is 169 &
21 Ma (26), (40Ax/36Ar1)0 is 307 + 33 (26) (Figure 3),
Their age being younger than the time of deposition
{170 Ma instead of ca 200 Ma)-{Hay et al., 1987) is mo-
re likely to correspond to a diagenetic recrystallization,
as indicated by the crystallinity index. Incidentially, this
diagenetic event has exactly the same age as the diage-
netic event recorded in the Upper Triassic and Early Ju-
rassic of southeastern France (Bonhomme and Miliot,
1987). '

Kastamonu Granitoid Belt: The plutons of this
belt indrode the Daday-Devrekani metasedimentary gro-
up, the Cangal metaophiolite, the Triassic limestones
and the Boriimee formation. It is therefore younger than
200 Ma. It is overlain by the Middle-Upper Jurassic
conglomerate Muzrup formation. It is thas older than ca
160 Ma. The K-Ar isotopic ages of various minerals
from the belt range from 267 to 134 Ma, however, most
of the ages determine an age of approximately 170 Ma
{Table 3). In particular, the muscovite of the pegmatite
84 MB 11 has an apparent age of 267 Ma. However,
considered together, the muscovite-alkali feldspar pair
of this sample yields an age of isotopic internal redisiri-
bution of 120 Ma, very close to the age of the high-pres-
sure metamorphic episode (see further), similar to that
of samnple OY-350]1 (Table 3}. The hornblendes, extrac-
ted from sample OY-336 show an age of 176 Ma. This
age is nearly the same as that obtained from the amphi-
boles of the Daday-Devrekani metasedimentary group.
Two biotite fractions, concentrated from the samples of
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0Y-336 and OY-349, also yield some ages similar to
those of the biotites in the Daday-Devrekani inetasedi-
mentary group (Table 3). One can easily imagine that
these two results are the consequence of a partial reset at
ca 120 Ma of minerals which have already crysiallized
at ca 170 Ma. Then, the most probable age for the Kas-
tamonu granitoid belt seems to be sometime around 170
Ma, in agreement with the stratigraphy.

Goyniikdagi Contact Metamorphics: Two phylli-
tes and one sericite schist samples (Table 1) from the
Goyniikdag contact aureole have been analysed for the
K-Ar ages. As seen from Table 3, the K-Ar ages of these
contact aureole rocks determine some ages ranging from
180 to 245 Ma. These K-Ar ages have also been interp-
reted as the mixed ages due to inherited detrital very
small micas (Boztuf and Yilimaz, 1989h, 1991b), pro-
bably similar to that argillite sample OE-90 in the Bo-
riimce formation (see above). Thus, these types of inhe-
rited muscovites did not allowed for a precise dating of
the contact metamorphism.

EARLY CRETACEQUS METAMORPHIC
EPISODE

This metamorphic episode has been spectacularly
noticed in the mylonitic and phylionitic rocks derived
from all the tectonostratigraphic units constituting the
imbrication structure in the Daday-Devrekani massif
and surroundings. Moreover, the finding of this meta-
morphic event in the glancophane schists derived from
the Cangal metaophiolite has evidently supplied that the
Early Cretaceous metamorphism must have been a high-
pressure dynamic metamorphism which can be induced
by the collision or juxtaposition of different units. The
Early Cretaceous K-Ar ages obtained from the dynami-
cally metamorphosed rocks can be briefly summarized
as follow.

”

Ultramylonites from the Daday-Devrekani Meta-
sedimentary Group: Some parts of the Daday-Devre-
kani metasedimentary group apparently seems to be af-
fected by the dynamic metamorphism which formed so-
me ultramylonites along some shear zones (Yilmaz,
1979, 1980). Sample 84 MB 6 was taken from one of
these shear zones within the gneisses of the Daday-Dev-
rekani metasedimentary group (Table 1), The fine-grai-
ned fraction has been extracted from this sample which
has given a K-Ar age of 107 Ma (Table 3). Despite care-
ful sampling, the fine-grained fraction contains attapul-
gite, with some illites. SEM observation shows that this
attapulgite is fibrous and stays in sample open fractures
(Fig. 5). Attapulgite is generally poor in K20 content
(Trauth, 1977). It occurs either as massive clay horizons
deposited in magnesian sedimentation. (Trauth, 1977;
Thiry, 1981} or as a part of weathering refated with calc-
rete and silcrete formations (Truc et al., 1985; Menillet,
1987), In the case of sample 84 MB 6, the field observa-
tions show that it obviously results from curreni weathe-

ring. Thus, its age must be very young. Therefore, by all
means, the argon contribution of the attapulgite compo-
nent is probably unsignificant as compared with that of
the illite. The measured age, i.e. 107 Ma, is the illite's
age. But, this iflite must be regarded only as a residue of
the original sample. Thus, its age has to be suspected of
being lowered through argon partial loss, and is therefo-
re only a minimum age for the shearing event.

Schists from the Ilgaz Metascdimentary Group:
As pointed out earlier, the schists from the Ilgaz metase-
dimentary group mainly determine some early Cretaceo-
us K-Ar ages. Four samples (84 MB 1 to 4), collected
from the same outcrop (see Table 1), give some ages
ranging from 137 to 115 Ma (Table 3). The fine-grained
fraction mineralogy of these four particular samples
shows that for a similar illite/chiorite repartition, the yo-
ungest sample is the more aluminous and the best
crystallized, while the. oldest is the more ferro-magnesi-
an and the worst crystallized. This suggests a secondary
transformation of the fine-grained fraction for a more
aluminous and better crystallized iilite type. This occur-
red either at nearly 116 Ma, if this transformation of
sample 84 MB 2 was complete, or at less than 116 Ma,
if this transformation was unable to reset sampie 84 MB
2 completely.

Orthophylonites and Glaucophane Schists from
the Cangal Metaophiolite: The dynamically meta-
morphosed rocks of the Cangal metaophiolite display
two types of formations, viz., (1) wide shear zones in

which the original mineralogy is transformed into fine-

grained phyllosilicates (Y1imaz, 1988), and (2) between
the shear zones, more massive phacoid inliers, in which
homblende is progressively altered into glancophane
with tremolite-actinolite. Fine-grained fractions from
these orthophyilonites, taken from the shear zones wit-
hin the Cangal metaophiolite, were extracted for the K-
Ar analysis (Table 1). K-Ar respective appareni ages
range from 143 to 110 Ma (Table 3). On the other hand,
only one sample, 84 MB 25, taken from the North Ana-
tolian Fault Zone around Tosya town of Kastamonu city
(Table 1), determines an age of 75 Ma (Table 3) (see
farther). One of the sampled metabasites from the more
massive phacoid inlier within the the Cangal metaophio-
lite, sample V§-23, includes both the green amphiboles
and glancophanes (Table 1). In particular, the green
hornblende-glaucophane suite of sample VS-23 was se-
parated into four magnetic fractions (Table 1). K-Ar ap-
parent age of green hornblende is of 109 Ma, whereas
that of glaucophanes ranges from 114 to 107 Main this
sample (Table 3). These K-Ar ages, clearly representing
the Early Cretaceous time obtained from the sample VS-
23, are, therefore, considered to be the age of the trans-
formation of green hornblende into glaucophane under
high-pressure metamorphic conditions. As the conventi-
onal X-Ar ages of both glaucophanes and some fine-gra-
ined fractions of the orthophyllenites are very close to
each other, and as they appeared in the same conditions,
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it is concluded that both materials were altered or recry-
stallized enough to lose all previously accumulated radi-
ogenic argon. However, some fine-grained fractions,
and one analyzed wholerock sample were not comple-
tely reset, as they show apparent ages slightly or signifi-
cantly older. This discussion leads to the conclusion that
the Cangal metaophiolite was subinitted to a high pres-
sure event at nearly 120 Ma.

Mylonites from the Kastamonu Granitoid Belt:
As mentioned earlier, the shear zones also cut through
the plutons of the Kastamonu granitiod belt. A granitic
mylonite sample, OY-350] has been taken from one of
these shear zones within the Asarcik diorite (Table 1),
Two fractions of hornblendes, extracted from this samp-
le, determine the ages of 105 and 116 Ma (Table 3), cle-
arly representing Early Cretaceous time for the myloniti-
zation of diorites along shear zones which is definitely
synchronous with the formation of the glaucophane
schists, On the other hand, the K-feldspar minerals con-
centrated from sample 84 MB 11 pegmatite also yield an
age of 134 Ma which may reflect high-pressure event,
So that, the dynamic metamorphism of 120 Ma has cau-
sed either radiogenic argon loss and partial or total age
reset, or local isotopic internal reequilibration as in
sample 84 MB 11 in the platons of the Kastamonu gra-
nitoid belt,

GEODYNAMIC DISCUSSION OF TWO
METAMORPHIC EPISODES

The metaimorphic event of Early to Middle Jurassic
in age, affected the Daday-Devrekani metasedimentary
group, Ilgaz metasedimentary group and Cangal meta-
ophiolite, is synchronous with the cooling age of the
Kastamonu granitod belt. Thus, this confirms that these
two events can be regarded as geodynamically connec-
ted (Y1lmaz and Boztug, 1986). The Kastamonu granito-
id belt is regarded as a calk-alkaline suite formed by
subduction- and collision-related magmatism induced by
the northward subduction of the oceanic floor of the pa-
leo-Tethys beneath the southern tip of Burasia (Boztuf
et al., 1984; Yilmaz and Boztug, 1986; Boztugd et al.,
1995). At the same time, the Daday-Devrekani metase-
dimentary group, Ilgaz metasedimentary group and al-
ready obducted Cangal metaophiolite was submitted to a
greenschist to epidote-amphibolite facies (LP/L-MT)
metamorphism. Moreover, some plutons froin the Kas-

" tamonu granitoid belt, e.g. the Asarcik diorite and Kara-

man microgranite, are exposed to intrude the already ob-
ducted ophiolitic slabs of the Cangal metaophiolite, Yii-
maz and Boztud (1986) has suggested a special type of
ophiolite obduction, i.e. something like the fingering
type of obduction while the subduction was continning
and producing arc magmatism which was intruding the
already obducted ophiolitic slabs by fingering type of
obduction mechanism, to explain this geotogic context,
By taking care all these data one can suggest that the
emplacement of the Asarcik diorite from the Kastamonu

granitoid belt and synchronous Early to Middle Jurassic
metamorphism can be related to a subduction-collisional
event due particularly to the intruding of this dioritic
platon into the already subducted ophiolitic slab of Can-
gal metaophioclite. This imbrication system outcrops to-
day as a whole after isostatic uplifting.

Regionally, ages of 170+10 Ma range were already
determined in Greece and in Yugoslavia (Lanphere et
al., 1975; Okrusch et al., 1978; Roddick et al., 1979).
Most of these age determinations were performed by
Rb-5r and K-Ar methods on metamorphosed ophiolitic
material, using mainly amphiboles, muscovites and pa-
ragonites. [n the same way, a plagiogranite cutting thro-
ugh the ophiolitic suite néar Lake Sevan in the Caucasus
was dated at 168 * 8 Ma, using K-Ar method on musco-
vite and biotite (Gasanov, 1979; in Bergougnan, 1987).
Delaloye et al. {1982) has also peinted out a K-Ar bioti-
te age of 162 Ma on the Giimiishane granite in Northe-
astern Turkey which is exactly similar to that of other
biotites of various units dated in the present work.

The second metamorphic episode, dated here at ne-
arly 120 Ma, corresponds 1o a HP/LT dynamic meta-
morphic event. It should be related to compressional for- '
ces which may be induced by the later stages of the col-
ligion, i, the juxtaposition of Pontides and Anatolides,
Although collision and shearing are generally not con-
temporaneous, the K-Ar ages obtained in the Daday-
Devrekani massif and surrounding in Kastamonu region
give the same result for both metamorphic minerals
(glaucophanes) and shearing zone material.

Another expression ot this shearing component is
the North Anatolian Transform Fault which limits to the
scuth the studied area (Sengdr, 1979), and which is still
aciive today. A sample (84 MB 25) was collected from
this mylonitic system just in the south of the Tosya town
of Kastamonu city (Figs. 1, 2, Table 1), The K-Ar age of
fine-grained fraction of this sample is 75 Ma (Table 3},
This age corresponds to the cooling of nearly 200 °C. as
the fine-grained fraction is constituted of diagenetic illi-
te. This date is, thus, the time at which this particular
structure cooled down under the limit of 200 °C.

During the time interval from 120 to 75 Ma, i.e.
from the Early Cretaceous to the Maastrichtian, no sedi-
mentary record is known in the studied area. This might
suggest that the shearing event was going on along the
North Anatolian Transform Fault Zone under relatively
hot conditions, during the duration of nearly 50 Ma,

As a concluding remark, the K-Ar geochronology
studies have distinguished two different inetamorphic
episodes in the Daday-Devrekani massif and surroun-
dings in the Kastamonu region of Northern Turkey. One
of them is related to subduction-collision dated back at
170+10 Ma. The second metamorphic event is of a high-
pressure type of metamorphism, i.e. dynamic metamorp-
hism, occurred at 120 +10 Ma which is thought to be re—
lated to the final stages of the collision, i.e. the juxtapo-
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sition stage. Shearing began immediately after and las-
ted under hot conditions untii 75 Ma. Finally, from 75
Ma ago until present time, the geodynamic setting mo-
ved to a purely sliding system. Such being the case, this
event succession suggests that the collisional angle bet-
ween the two micro-plates North and South of the future
North Anatolian Transform Fault Zone decreased prog-
ressively to generate first a subduction-collision system,
then a juxtapositional system, and finally, after shearing,
a pure sliding system.

CONCLUSIONS AND SUGGESTIONS

The geological, mineralogical-petrographical and
geochemical-petrological studies, already carried out by
various authors, basically by the first two authors of this
paper in the Daday-Devrekani massif and surroundings
in the central-western Pontides since 1977, have conclu-
ded that there are different metamorphic units meta-
morphosed under different conditions in different ge-
odynamic environments during different times. After
these results, some absolute age datings are needed to
clarify some of these metamorphic events. Therefore,
some K-Ar isotopic datings have been performed o get
the absolute ages of the young tectono-thermal events,
i.e. late metamorphic episodes in the Daday-Devrekani
massit and surroundings in central-western Pontides.
These X-Ar datings have revealed that there were two
metamorphic episodes in this region. The first dated me-
tamorphic event is a lower greenschist {0 epidote amphi-
bolite facies metamorphism at 170+10 Ma. It involves
almost all the tectonostratigraphic units constituting the
imbrication structure in the Daday-Devrekani massif.
The cooling age of the Kastamonu granitoid belt is also
synchronous . with this metamorphic episode. The second
metamorphic event is a high-pressure, relatively low-
temperature event ai 12010 Ma. The fine-grained frac-
tions newly formed in the accompanying shearing zones
are of the same age. From a geodynamic point of view,
it seems that the whole structare played first a subducti-
on-collison system at 170 Ma, then as a high pressure
sytem due to juxtaposition at 120 Ma, and, finally, as a
purely sliding system since 75 Ma.

In addition the K-Ar datings presented here, some
other absolute age datings such as Rb-Sr, Nd-Sm and
Ar40/Ar39 techniques are suggested to carry out 1o get
the initial metamaorphic ages and later polymetamorphic
episodes in the Daday-Devrekani massif and surroun-
dings in the central-western Pontides in northern Tur-
key.
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