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ABSTRACT

GEOLOGY AND STRUCTURAL CONTROL ON THE ¢
( MANKSA, WESTERN T RKKYE) MI NERALI ZA

Erqili, Hilal
Master of Scienceseological Engineering
Supervisor: Prof. DNur et di n Kaymakcé
Co-SupervisorAssi st. Prof. Dr. Ali Kmer

September 2023154 pages

¢ at al -PaAu miheralization is located in the western part of the Sakarya Zone
inwestern T¢rkiye. The Sakarya Zone inclu
that existed from the Late Cretaceous to the Late Miocene as a result of the
convergence of Laurasia and Gondwana which provided productive mineral
deposits. T e c t iesrta tleeavest of the NNBSWeolIr -i emtle d Kz mi
Bal ékesir Transfer Zone (1 BTZ), whose ea
defined. There are six units identified in the study area; these units are Karakaya
Complex, Soma Formation, Terziler Granodiosd , Yuntdaj Volcanic
Diorite and basaltic andesite dykes, generally located in the same orientation as most

of orebearing veins.

The ¢at al --Zn#u rRireralization occurs along
quartzNbariteNcarbonateNsul f ivdcanicvaei ns ho
subvolcanic lithologies. Fault surfaces and vein exposures correlate well with

surface geochemical anomalies. Geochemistry results show that Au mineralization



accompanies RBn mineralization in the west of the study area, whileZRb
anomalyis dominant in the east. This difference is explained by control of two main
fault segments. The first one is the westward dipping normal P318 fault, whose
orientation corresponds to the general orientation of the IBTZ, which caused the
western subsidenca# the site and erosion of the eastern block, which is observed as
a 100 m vertical offset in the drilling data. The other is the P2 fault, mapped along

the western sector.

PbZn-Au mi neralization at ¢atal-am i s mainly &
dteration in the volcanic wallocks with predominant quarttite/smectite
alongside varying amounts of chlorite and carbonate. Beneath the mineralized levels,
argillic alteration transitions first into quastericite and later into potassic alteration
with increasing depth. Mineralized veins and breccias contain variable amounts of
pyrite, sphalerite, galena, chalcopyrite, tetrahedrite, and rare native gold. The
abundance of base metals, presence ofchtbonates, and the ore assemblage
suggestalt-haart i ¢sa ta-sulfidation epithermal systeimeainderlain by

a weaklymineralized porphyry Cu mineralization. This mineralization style differs
from all known goldrich systems in and around the IBTZ, which are generally of
low-sulfidation epithermisstyle.

Keywords:Western$An at ol iBaa,| éKkzensiirr Tr ansf &mAuZone, Epit
Ore Deposits, Tethyan Metallogenic Belt
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¢CATAL¢CAM ( MANKSA, BATI T!RKKYE) MKNERAL
JEOLOJKSK VE YAPI SAL KONTROL!

Erqili, Hilal
Y¢ksek,Jleioslaonss M¢ghendi sl i i
Tez Y°neti Nusiet dPmofKaybhakc é
Ortak Tez ¥neticisi:D o.Dr.A |l i Kmer

Eyl ¢ |,1529ay#a3

¢at al --Rolu Zoevherl|l ekmesi T¢e¢rkiye' nin bat é
kesi minde yer al maktadeéer. Sakarya Zonu, \
ve Gondwana'nén yakénlakmasé sonucu Ge-
ol an magmati zmanén etkilediij. kesi mleri
doju vel breékesgnerol ar akGb eyl % mmiBspa hkezkmeigre n |
Transfer Zonu' nun (I BTZ) batésénda yer al
bul unmaktader; bu birimler Karakaya Kom

Granodiyoriti,riYuntdapal VamkBnyoteti ve (¢

damar |l arén -ojuyla ayné dojrultuda ol an |
¢tat al -Znmu Pbevherl ekmesi Mi yosen (~17 My)
litolojilerde yer alan k uvogunc Nreyaanat Nk ar |
gel ir. Fay y¢é¢zeyl eri ve damar yg¢zeyl enme
dojru Pl kki i dior. Jeoki mya soZmnu - | ar é,

cevherl ekmesi ne Au cevherl ekmesiZmi n e K |

anomalisinin hei m ol dujunu g°stermektedir. Bu f
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kontrol ¢ i le a-éklanmaktadeéer . Bunl ardan il k

karkel ek gel en, sondaj verilerinde 100 m'li
bateya dojru -9lmpaniume akendasend neden ol a
nor mal P318 fayeéeder. Dijeri i se bateé sekt?or
¢tatal - anrfnrAakice¥®ber |l ekxkmesine esas olarak vol
yaygén arjilik alter aolgrakrkuvastit/simkkiteed me kt e ol u
dejiken miktarl arda klorit ve karbonat bulu
arjilik alterasyon derinlik arttek-a °nce
alterasyona ge-er . Mi ner alarlazde pird, sfatesity | ar ve b
gal en, kalkopirit, tetrahedrit ve-nadir do]j
karbonatl arén varlejé ve cevher topluluju,

n
0] 5]

cevherl ekmesinin alténda ysitatmenbii roladrug usul
e d

g° st rmektedir. Bu cevherl ekme tar ze, | BTZ
s¢l fidasyonl u epiter mal tar zda ol an, bil i

sistemlerden farkl éder .

Anahtar KelimelerBat € An a eBall 18,k eksz mnurEpitarmad P+ Z o
Au Maden Yataklarée, Tetis Metalojenik Kukak

viii



To My Mother, Ayke



ACKNOWLEDGMENTS

First of all, | would like to express my gratitude to my supervisor Prof. Dr. Nuretdin

Kay ma kdcods uapner vi sor Assi st . Prof . Dr . Al i K
mentorship. With their constructive and kind criticism in this academic work, they

have broadened my horizon and taught me to take a broad view. It is a great treasure

for me to learn how tdluently explain complex work through their experience.

Thanks to their seminal BSc. courses, | wanted to be a geologist who could combine

economic geology with structural geology.

Special thanks to Mustafa Kaplan, who has never spared msupport and
mentorship, not only throughout this study, but throughout my entire career. |
wouldn't have found the motivation to continue if it wasn't for his patience,

constructive criticism and mentorship that | always felt with me.

| would like to thankToygar Tanyeél déez and Erdem Atal ar
moral support. Without them, my motivation to progress not only for this study but
also in my career would not have been so high. For me, they are my colleagues with

whom | can easily discuss myeas, rather than the boss.

| would like to express my special thanks to Boran Ersoy, who has been in the same
career with me since the beginning of my high school years, and Orhan Karaman,
who made the university fruitful for me, for their unlimited suppalways giving

me confidence and making me who | am. Without them, it would have been

impossible not only for this thesis but also for my motivation for my profession.

I wi || al ways owe a debt of gratitude to my
Ergili, for providing me with unconditional support and making me the person | am

now.

|l would I i ke to thank the T¢rkiye Mining em

providing valuable feedback at every step of this thesis.



I woul d | i ke t oantl BeatleykSystEeme far novidi@g access to

Leapfrog Geo software for 3D modelling.

| would like to thank my assistances Levent Tosun, Hakan Bora Okay and Kaan Onat

for their valuable support and always answering my questions.

| would like to thank my dse friends Kadir D¢z and T

unconditional support and fruitful discussions with me.

Last but not | east, | am grateful to Mert
for always motivating me to go one gtéurther, for developing my thesis with
important feedback in every chapter of this thesis, and for being the father of my

lovely cat, Poirot.

Xi



TABLE OF CONTENTS

AB ST R A CT e et e e e e e e e e e e v
ACKNOWLEDGMENTS.....oi e eeeee et eeeee e e e e e e eees X
TABLE OF CONTENTS ...t e Xii
LIST OF TABLES. ... .ttt e e e e e eenee XVi
LIST OF FIGURES. ... .ottt emme et XVii
CHAPTERS

1  INTRODUCTION. ..ot eeeee e eee e e e e eeaaanas 1
1.1 PUIPOSE QN SCOPE.....eeeiiiiiiiiiiiiieiiieete et mene e 1
1.2 TeCIONIC SELHNG......uuuiiiiiiiiiiiie it ieeet et e e e e e e e e e e e e e e e e e e e e e e e 3
1.3  Metallogeny of NW AnatoliaL..........coooiiiiiiiiiimmn e 6
2 LOCAL GEOLOGY ..iiiiiiiiiiiiiie et st smms e e e eenn s 9
2.1 Karakaya COmMPIEX........uuuuiiiiiiiiiiiiii ettt 9
2.2 SOMA FOIMALION.....coiiiiiiiiiitite e ee et seeee e e e e e e e e e e eaaeas 12
2.3 Terziler Granodiorite............uueiiieiiiiiiieeeie et ee e 13
24 Yuntda] Mol .cani.CSa i 14
25 Catal - am..Di.Qrd b e 16
2.6 Basaltic ANdesite DYKES........couuiiiiiiiiiii e 17
3 METHODOLOGY ...ttt e e e eenaaes 19
3.1 Preliminary StUAIES.......coiiiiiiiiiie et 19
3.2 FHEIAWOIK .. e 19
3.3 REIOGUING. .. oot 20

Xii



3.4 KinematiC ANAIYSIS......uuuuuiiiiiieee e eeeeeeiee e eene e e 20

3.5  PetrographiC StUIES.........coiiiiiiiiiiieeee e 21
3.6 Surface GEOCNEMUSIIY........uuiiiiiiiiiii e ceeeie et eeeenes 21
3.7 3D MOAEIING......iiiiiiiiiiiie et 22
4 STRUCTURE ... ot eaeeeaes 23
A1 FAURS. ... 23
4.1.1 FaUIt Area L.ttt ieee ettt eree e e e e e e e e e e e e e e 24
4.1.2 FAUIT ArEA 2. .ottt e e e e e e e e e e e 27
4.1.3 FaUIt Area 3. ..ot eee ettt eeee e e e e e e e e e e e 29
4.1.4 FAUITAIEA 4 ...ttt 33
4.1.5 FaUIt ArEa 5. ..ot 36
4.1.6 FAUIL AMEA Bu....cooiiiiee ettt me e e 40
4.2 VBINS .ottt 43
4.2.1 VEINZONE 2. ..ottt eee ettt emer e e e e e e e e e e e e e e 46
4.2.2 VEINZONE 3. ittt eee ettt e emer et e e e e e e e e e e e e 49
4.2.3 VEINZONE 4.t ettt emer et e e e e e e e e e 52
4.2.4 VEIN ZONE 5. .ottt ettt eeee e e e e e e e e e e e e e e 53
4.2.5 VEIN ZONE 6.ttt eeea ettt e e e eeee e e e e e e e e e e e e e aan e 56
5 HYDROTHERMAL ALTERATION .....ouiiiii e 59
5.1  SericiteClay ARRBIatiON............uuuiiiiiiiiiiiiiieeeiieiieee e 59
5.2  QuartzSericitePyrite Alteration..............ooooviiiiiimmn e 6l
5.3  CarbonateClay AREration.............ceeeiiieeeesceeeiiise e e e e e e eeeeeen s 63
5.4  SericiteChlorite-Clay Alteration............cccceeeeeviiiiiieeeii e 64
6 MINERALIZATION ..o Qa7

Xiii



6.1  Epithermalstyle VEINS............oovviiiiiiiii i 67

6.1.1 QuartZdominant VEINS..........ccuuuiiiieiiiiiiiiee e e e mmme s 67
6.1.2 Barite-dominant VEeINS.........cccuuiiiiiiiiiiiieeeiiiiieee e 74
6.1.3 Carbonatedominant VEINS...........ueiiiiiiiiiiiiiieeniiieeeeeee e 77
6.1.4 BreCCIA VEINS....oiiiiiiiiiieei e 80
6.2  POrphyrystyle VEINS........oooiiiiiiiiiiiee e 384
6.3 VeIN REIALHONS. ......uuiiiiiiiiiiiiiiiic e 86
6.4  Ore ParagenesiS.........oooiiiiiiiiiiiiineen st eees e 89
7 SURFACE GEOCHEMISTRY....ciiiiiiiii ittt 95
7.1 DaAtabaSE.........ceeiiiiieiiiiii et nena 95
7.2  Analytical MethodS........cooieieiieiiiiieeeeeee e 96
7.3  Statistical Analysis of Soil Geochemical Resuls...........ccccoeeiiiiieennnnd 99
7.4 Correlation COoeffiCieNtS........ccuvviiiieiiiii e 103
7.5  Soil Geochemical Anomaly Maps.........ccooeviiiiiiiiieeee e, 110
8 3D MODELLING ..ottt et eeeme e 123
8.1 DaAl@ SOIS....ouiiiiiiiiii e s 123
8.1.1 Drill NOIE DAAL.. ...ttt 123
8.1.2 Maps andAuxilary Data...........cooooiiiiiiiiiieeen e 124
8.2  3-DModel EIEMENLS.......cooiiiiiieee e 124
8.2.1 3-D Fault Modelling.........cooiiiiiiiiieeee e 124
8.2.2 3-D Geological Modelling..........oooeiiiiiiiiiiiireer e 125
O DISCUSSIONS. ...t e e e raa e 131
9.1  Lithological UNitS......cccoeiiiieiiiiiiiiieeeeee e 131
9.2  Structural Elements Combining Surface Geochemistry................... 132

Xiv



9.3  Alteration and MINeraliZation............ceee e 139

9.4  Metallogenic SIgNIfiCaNCE..........uiiiiiiiiiei e eeeeeee 142
10 CONCLUSIONS.......cciiiiie et eenr e e 145
REFERENGCES........ et eee e e e e e et e e e e s s 149

XV



LIST OF TABL ES

TABLES

Table 1. Information about the Amount and Characetristics of Measured Structures

1 1 TSN T o 23
Table 2. Summary Table of Fault Measurements in Fault Area.l................ 25
Table 3. Summary Table of Fault Measurements in Fault Area. 2................ 27
Table 4. Summary Table of Faultddsurements in Fault Area.3.................... 30
Table 5. Summary Table of Fault Measurements in Fault Area.4................ 33
Table 6. Summary Table of Fault Measurements in Fault Area.5................ 37
Table 7. Summary Table of Fault Measurements in Fault Area 6................ 40

Tabl e 8. Mai n Vein Gr.oup.s..ldent.i.fdBed at ¢cat
Table 9. Descriptive Statistics of Elements Analyzed During Soil Samplingd9
Table 10. Pearson Correlation Coefficient for Soil Geochemical Analysis105
Table 11. General Orientations and Number of Modelled Vein for Each.VERY

XVi



LIST OF FIGURES
FIGURES

Figure 1. The geological map oftheclas¢p vi ew of t he Western
etal., 2019) witmi ner al deposit occurrences (YijJi
units of the eastern Medi.t.er.r.aneahb (Kaym;
Figure 2. Age distribution of magmatic activity and metallic mineralization in
western T¢rkiye (redrawn after Leroux, 2
1153 0 =) RO SUURPPPP 7

Figure 3. Geological map of the study area. Structural measurement points are also
Shown (red diamONdS)..........uuuriiiiiiie e s rreere e e e e e e e e e e eees 11

Figure 4. a) Outcrop, b) hand specimen, c) thin section images of weakly
metamorphosed metamentary unit of the Karakaya Complex, d) barren barite

vein cutting the Karakaya CompleX..........cccuuiiiiiiiriimeeiiiiiiieieeeeeee e 12

Figure 5. a) Hand specimen, and b) thin section images of Terziler Granodi8rite.

Figure 6. a) Outcrop,-b ) hand speci mens, and d) thin
RV ] (o3 T o o3RRS 15

Figure 7. a) Strongly deformed and clay altered stockwork zone is cut by epitermal

vein, and bc) hand specimen images of epithermal vein....................ovvveeee. 15
Figure 8. a) Qutcrop image including bou
¢atal -am Diorite b) hand speci men i mac
intensely clay altered dnwveathered hand specimen image................occeevee 16

Figure 9. a) Outcrop image of basaltic andesite dyke, b) samgle showing
boundary between basaltic andesitic dyke and andesite, c) core sample showing
basaltic andesitic dyke with carbonate fragment, d) outcrop with
guartz+barite+carbonate veins and weathered sulfide stockworks, e€) outcrop images
of basaltic andsitic dyke with quartz+barite+carbonate veins and patchy pyrite and

(o3 aF=1 (o700 )Y/ 1 (= 30U 18

Figure 10. Geological map showing the studied fault structures and the main Fault

Xvil



Figure 11. The figure includes Fault Area 1 which includes P198N, P199N, and
P200N faults with outcrop images and kinematic analyses.............ccccc....... 26

Figure 12.  The figure including a) geological map of Fault Area 2 which includes
P2, P95, and P6, b) stereonet of P2, c) stereonet of P95, d) stereonet of P6 with

measurements, e) outcrispage of P2, f) outcrop image of P95, g) outcrop image of

o TSP 28
Figure 13. The figuréencluding Fault Area 3 with faults which are named as P209,
P318, P208, P317, P315, P33, and P30........cccvviiieeiiiieemiiiiiee e 31
Figure 14. The outcrop image of a) P318 fault, b) P208 fault, c) P209 fault, d) P33
fault, e) P315 fault, and f) P30 fault.............cccooii i, 32
Figure 15. The outcrop image of a) P87N fault, b) P73N fault, c) P72N fault, and d)
S 3G A = T L PR 34
Figure 16. The figure including a) Fault Area 4 with faults which are named as b)
P87N, c)P83N, d) P73N, and €) P72N.........cccceeeiiiiiiiiieeeeeee e eiiiiieee e 35

Figure 17. The figure including Fault Area 5 with faults which are named as P106N,
P117N, P150N, P147N, P190N, P193N, P194N, P136N and P133N......... 38
Figure 18. The outcrop image of a) P106N fault, b) P150N fault, ¢c) P117N fault, d)
P133N fault, €) P190N fault, and f) PLO8MNIIt. ...........ccoovriiiiiiiiiee 39
Figure 19. The figure including Fault Area 6 with faults which are named as P187,
P159,P167, P173, P177,and PL18L.........cccooi i 41
Figure 20. The outcrop image of a) P181 fault, b) Fa&8, c) P187 fault, d) P167
fault, e) P1771 fault, f) P1772 fault, and g) P173 fault..............cccccoeeeiriinniee. 42
Figure 21. Map view showing spatial distribution of vein zones prepared using
(T2 T doTo I €= o TR PP v
Figure 22. The stereonet projection (Equal Angle, Lower Hemisphere) displaying
poles of all veins colored and shaped according to vein content, and 3 sets of these
veins With plane dir€CHIONS. ...........uuuiiiiiiiiiii e 45
Figure 23. The stereonet projection (Equal Angle, Lower Hemisphere) displaying
poles of Vein Zone 2 veins colored and shaped according to vein content,edad 2 s

of these veins with plane direCtions.............coiiiiiii i icec e A7

Xvili



Figure 24. The plan view of stockwork amgithermal veins in Vein Zone 2
measured along a river Valley...........ooooiiiiiiie e a7
Figure 25. Outcrop photograpbs different vein types from Vein Zone 2 as well
exposed along stream floors. a) Quartz vein with minor galena, b)
gquartz+barite+galena+sphalerite+hematite vein, and c) quartz+galena.veid8
Figure 26. The stereonet projection (Equal Angle, Lower Hemisphere) displaying
poles of Vein Zone 3 veins colored and shaped according to vein content, asd 2 set
of these veins with plane directions...............cccoovvvvvieeee e 49
Figure 27. Outcrop photographs of @)artz+barite+galena vein, and b) massive
galena vein in quartz+barite+galena Vein...........ccccccoeeiiiieece 50
Figure 28 Outcrop photographs of a) quadaminant vein, which is cut and offset

by a fault, b) oxidized quaridominant vein with fault gauge, and c) fragmented
silica vein with intensely clay altered host roCK...........cccoeeviiiiiiiccciiiiciieeeen. 51
Figure 29. The stereonet projection (Equal Angle, Lower Hemisphere) displaying
poles of Vein Zone 4 veins colored and shaped accordwgriacontent, and 2 sets

of these veins with plane directionsS...............cccovvvvivieeee e, 52
Figure 30. Outcrop photograpls$ a) intensely altered mineralized quabtrite

dominant vein, and b) mineralized quabritedominant vein with banded texture.

Figure 31. The stereonet projection (Equal Angle, Lower Hemisphere) displaying
poles of Vein Zone 5 veins colored and shaped according to vein content, and 2 sets
of these veins with plane direCtioNS............cooveiiiiiiiiicecrie e 54

Figure 32. Outcrop photographs of different vein types from Vein Zone 5. a)
Mineralized barig-dominant veins which is cut by oxidized quaptzite veinlets,

b) highly clay altered mineralized quatiaritedominant vein and c) sets of
systematic oxidized quarzyrite veinlets.............ooviiii i, 55

Figure 33. The stereonet projection (Equal Angle, Lower Hemisphere) displaying
poles of Vein Zone 6 veins colored and shaped according to vein content, asd 2 set

of these veins with plane directions...............cccoovviiiieeee e 56

Xix



Figure 34. Outcrop photographs of different véypes from Vein Zone 6. a)
Intensely deformed mineralized quabaritedominant vein, and b) strongly
deformed mineralized quartaritedominant vein including malachite........... 57
Figure 35. Microphotographs of rock units showing sercliéy alteration. a)
Diorite/andesite that has undergone moderate sedkaealteration (Sample 37;
drill hole: CTLQ20, 202.00 meters), b) diorite which has undergone slight sericite
clay alteration with sericitized biotite and hornblende (Sample 7; drill hole: CTL004,
95.10 meters), c) sericiday altered andesite (Sample 18; drill hole: CTLO004,
180.50 meters), d) dhly sericiteclay altered andesite (Sample 24; drill hole:
CTLOO4, 227.40 meters), e) diorite which has undergone moderate selagite
alteration (Sample 51; drill hole: CTLOO08, 329.00 meters), f) diorite that includes
guartz+pyrite veinlets with sertei halo (Sample 58, drill hole: SE%-8C, 613.20
meters) under XPL, Abbreviations: ser: sericite, plg: plagioclase................ 60
Figure 36. Microphotographs of rock units showing clay dominant alteration with
tourmaline (Sample 59; drill hole: SE%-8C, 626.20 meters). Abbreviations: tour:

100 18160 0= 1T = 61
Figure 37. Microphotographs of rock units showing quaeticite pyrite alteration.

a) Andesite which includes groundmass with dominant anhedralzguanerals
(Sample 40; drill hole: CTL020, 182.00 meters), b) Andesite which includes
groundmass with dominant anhedral and fine quartz minerals and anhedral sericite
grains (Sample 35, drill hole: CTL020, 130.80 meters), and c) Diorite that has
undergonestrongly quartzsericitepyrite alteration (Sample 62, drill hole: SAS-

8C, 682.00 meters) under XPL, Abbreviations: ser: sericite, py: pyrite........ 62
Figure 38. Microphotographs of rock units showing carbonate (ankeldg)
alteration (Sample 11; drill hole: CTL0O04, 155.50 meters). Abbreviations: ank:
=] (T ] <P PRPPPPPPPY 63
Figure 39. Microphotographs of rock units showing carboeoktye alteration. a)
Andesite, whth has undergone moderate carbowtdag alteration (Sample 34; drill
hole: CTL020, 111.00 meters), and b) Boundary between carbclagteltered host

XX



rock and quartz vein (Sample 46; drill hole: CTL020, 284.20 meters) under XPL,
Abbreviations: bio: biote, carb: carbonate, py: pyrite, gtz: quartz................. 64

Figure 40. Microphotographs of rock units shogvsericitechlorite-clay alteration.

a) Hand specimen of andesite which has undergone strong sehioitie-clay
alteration (Sample 3; drill hole: CTLO04, 89.10 meters), b) hand specimen of
andesite which has undergone slight sercitrite-clay aleration (Sample 44; drill

hole: CTL020, 223.00 meters), c) thin section of andesite which has undergone
strong sericitechlorite-clay alteration and chlorite mineral cut by another chlorite
vein (Sample 3; drill hole: CTL0O04, 89.10 meters) under PPL, id)gbction of
andesite which has undergone slight sercitrite-clay alteration (Sample 44; drill

hole: CTL020, 223.00 meters) under PPL, e) thin section of andesite which has
undergone strong sericithlorite-clay alteration and chlorite mineral dat another
chlorite vein (Sample 3; drill hole: CTL004, 89.10 meters) under XPL, f) thin section
of andesite which has undergone slight serciti®rite-clay alteration (Sample 44;

drill hole: CTL020, 223.00 meters) under XPL. Abbreviations: chl: chlaitevein:
chlorite vein, py vein: pyrite VeiN, SEriSErCIte.........uuuuuriiieieeececeireiinnee e 65

Figure 41. Thin sectiophotographs showing general characteristics of quartz
dominant veins. a) Barren quartz vein consisting of interlocking crystals of €oarse
grained, subhedral quartz (Sample 7; drill hole: CTLOO4, 114.80 meters) , b) A set
of parallel veins with jigsaw/mosaiquartz crossutting intensely claltered
(Sample 29; drill hole: CTL020, 85.00 meters) , ¢) barren quartz vein including grain,
and comb texture at walls of the vein (Sample 34; drill hole: CTL020, 168.50 meters)
, d) Jigsaw textured and coatgminel quartz vein (Sample 46; drill hole: CTLOO6,
65.40 meters) , e) Intersections of quartz veins, and clay altered diorite (Sample 51;
drill hole: SCS15-8C, 612.90 meters) , f) barren medium grained quartz veins with
clay altered andesite between some qugndins (Sample 52; drill hole: SE&%-8C,
613.20 meters) , g) panoramic view of barren quartz vein formed by subhedral grains
(Sample 53; drill hole: SG$5-8C, 626.20 meters), under XPL. Abbreviations: gtz:

XXi



Figure 42. Thin section photographs showing general characteristics of quartz veins
with sulfide minerals. a) Massive quartz venctluding galena, and ankerite and
specularite veins which are located at between the quartz veins (Sample 7; drill hole:
CTLOO4, 114.80 meters) under reflected PPL, b) Massive quartz vein consisting of
galena, pyrite, and sphalerite (Sample 30; drill hGlEL004, 107.30 meters) under
reflected PPL, c) Quartz vein with jigsaw texture including pyrite which is
surrounded by chalcopyrite (Sample 51; drill hole: SIGWVC, 612.90 meters) under
XPL, d) Quartz vein with jigsaw texture including pyrite which usreunded by
chalcopyrite (Sample 51, drill hole: SaS-8C, 612.90 meters) under reflected PPL,

e) Quartz vein consisting of subhedral to euhedral grains and jigsaw texture
including pyrite that is surrounded and cut by chalcopyrite (Sample 52; detl hol
SCS158C, 613.20 meters) under XPL, f) Quartz vein consisting of subhedral to
euhedral grains and jigsaw texture including pyrite that is surrounded and cut by
chalcopyrite (Sample 52; drill hole: SaS-8C, 613.20 meters) under reflected PPL.
Abbreviations: py: pyrite, sph: sphalerite, cpy: chalcopyrite, gtz: quartz, ga: galena,
spec: specularite, ank: anKerte.............uuuuueiiiiireeeeriiirrr e eere s 69

Figure 43. Thin section photographs showing general characteristics of
guartz+carbonate veins a) Quartz+carbonate vein cutting sulfide minerals, but
sphalerite and galena which includes fragment of carbonate vein (Sample 49; drill
hole CTL020, 68.50 meters) under reflected XPL, b) quartz+carbonate vein with
jigsaw texture including specularite vein cutting highly sericity altered andesite
(Sample 3; drill hole: CTL0O04, 114.80 meters) under XPL. Abbreviations: sph:
sphalerite, qtzquartz,ca: carbonate, ga: galena, spec: specularite............... 70

Figure 44. Breccia quartz+carbonaterveiith sulfide minerals, and one sphalerite
mineral cut by colloform carbonate vein (Drill hole: CTL004, 132.00 meters).
Abbreviations: sph: sphalerite, qtz: quartz, ca: carbonate, ga: galena, py. filrite.
Figure 45. Thin section photographs showing general characteristics of quartz
+barite veins a) Quartz+barite vein including sphalerite cutting strongly clay altered
andesite with pyrite dissemination (Sample 1; drill hole: CTL0O04, 29.80 meters) a)
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under eflected PPL, and b) under XPL. Abbreviations: sph: sphalerite, gtz: quartz,
DA DAITEE. .. 71

Figure 46. The core sample photograph shows quartz+barite vein including
sphalerite with ankerite halo (Drill hole: CTL0O04, 58.60 meters). Abbreviations: sph:
sphalerite, qtz: quartz, ank: ankeritic, ba: barite................oooviccciiii i, 72

Figure 47. Thin section photographs showing general characteristics of
guartz+barite+carbonate veins. a) Quartz+barite+carbonate vein mgefiormed
sphalerite, and galena (Sample 1; drill hole: CTL004, 29.80 meters) under reflected
PPL, b) Quartz+barite+carbonate vein including deformed sphalerite, and galena
(Sample 1; drill hole: CTLO04, 29.80 meters) under XPL, c¢) Q
quartz+barite+carbate vein including sphalerite (Sample 13; drill hole: CTL004,
159.00 meters) under reflected PPL, d) quartz+barite+carbonate vein including
sphalerite (Sample 13; drill hole: CTLO04, 159.00 meters) under XPL.
Abbreviations: sph: sphalerite, ga: gelana; qtartz, ba: barite, ca: carbonat&3

Figure 48. Core sample photographs af@rtz+barite+carbonate vein shows fault
boundary between quartz+barite+carbonate vein including sphalerite and galena and
clay altered wall rock (Drill hole: CTL0O04, 240.00 meters), and b)
quartz+barite+carbonate vein includes quartz+barite+carbonatevitkidominant
galena and low amount of sphalerite (Drill hole: CTL004, 133.50 meters).
Abbreviations: sph: sphalerite, ga: gelane, qtz: quartz, ba: barite, ca: carb@date.
Figure 49. Thin section photographs showing general characteristics of
barite+carbonate veins. a) Barite dominant barite+carbonate vein with anhedral and
fine grained carbonatainerals including sphalerite (Sample 6; drill hole: CTL004,
109.40 meters) under XPL, b) barite+carbonate veins with disseminated pyrite and
sphalerite, the domination of carbonate increases towards to wall of the vein which
is bounded by ankerite (Samg@edrill hole: CTL004, 121.00 meters) under XPL,

c) barite+carbonate vein with coarse barite and carbonate grains including galena
(Sample 11; drill hole: CTLO04, 155.50 meters) under reflected PPL, d)
barite+carbonate vein with coarse barite and carleogatins including galena
(Sample 11; drill hole: CTLOO04, 155.50 meters) under XPL, e) barite dominant
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barite+carbonate veins with anhedral carbonate grains including sphalerite which is
cut by chalcopyrite and galena that is surrounded by chalcopyritep(&438; drill

hole: CTLO30, 396.70 meters) under reflected PPL, f) barite dominant
barite+carbonate veins with anhedral carbonate grains including sphalerite which is
cut by chalcopyrite and galena that is surrounded by chalcopyrite (Sample 48; drill
hole CTL030, 396.70 meters) under XPL. Abbreviations: sph: sphalerite, ga: gelana,
babarite, ca: carbonate, py: pyrite, cpy: chalcopyrite, ank: ankerite............ 75

Figure 50. Thin section photographs showing general characteristics of
bariteNsulfide veins. a) Barite vein with d
minor galena (Sample 15; drill hole: CTR4, 170.70 meters) under reflected PPL,

b) barite vein with disseminated and fracture filled pyrite with minor galena (Sample
15; drill hole: CTL004, 170.70 meters) under XPL, c) Deformed barite vein with
bounded by ankerite vein (Sample 8; drill hole: ©T4, 121.00 meters) under XPL,

d) barren barite veins which are cut carbonate veins formed with tiny carbonate
grains cutting clay altered andesite (Sample 15; drill hole: CTL004, 170.70 meters).
Abbreviations: ba: barite, py: pyrite, ga: galena...............ccccccvveeeveviieeeen. . A6

Figure 51. Thin section photographs showing general characteristics of carbonate
veins. a) Barren chonate veins with coarse grains cutting clay altered quartz
dominated andesite (Sample 34; drill hole: CTL020, 132.90 meters) , b) barren
carbonate vein with anhedral grains cutting weakly clay altered andesite (Sample 43;
drill hole: CTL020, 323.00 metérsc) barren carbonate vein with chlorite and pyrite
dissemination cutting clay altered andesite including chlorite and disseminated pyrite
in matrix (Sample 44; drill hole: CTL020, 406.00 meters) , and d) barren carbonate
vein with subhedral grains whiatutting quartzdominant vein (Sample 45; drill
hole: CTLOO08, 329.00 meters) under XPL. Abbreviations: ca: carbonate, chl:
(03 0110} 41 (= 20 PP URSRPPPPPPPPPPRPRRY £

Figure 52. Thin section photographs showing general characteristics of
carbonate+sulfide veins. a) Sphalerite in carbonate vein with rhombic crystals
including clay altered andesite fragments (Sample 3; drill hole: CTL0O04, 89.10
meters) under reflected PPh) sphalerite in carbonate vein with rhombic crystals
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including clay altered andesite fragments (Sample 3; drill hole: CTL0O04, 89.10
meters) under XPL, c¢) fine grained carbonate+sulfide vein including sphalerite
which is bounded by galena (Sample 14l thole: CTLO04, 161.90 meters) under
reflected PPL, d) fine grained carbonate+sulfide vein including sphalerite which is
bounded by galena (Sample 14; drill hole: CTL004, 161.90 meters) under XPL, e)
clay altered carbonate+sulfide vein including sphaewith ankerite boundary
(Sample 22; drill hole: CTL004, 229.20 meters) under reflected PPL, f) clay altered
carbonate+sulfide vein including sphalerite with ankerite boundary (Sample 22; drill
hole: CTL020, 229.20 meters) under XPL , g) carbonate+sulfaile including
galena which is surrounded and cut by chalcopyrite and pyrite (Sample 43; drill hole:
CTLO020, 323.00 meters) under reflected PPL, h) carbonate+sulfide vein including
galena which is surrounded and cut by chalcopyrite and pyrite (Samplel48le:
CTLO020, 323.00 meters) under XPL. Abbreviations: ca: carbonate, sph: sphalerite,
ga: galena, PY: PYHTE. ... it aaaa 79
Figure 53. Brecci a Vvei n-pytitg mpatrig containingt at al - :
poorly sorted, slightly clay altered diorite clasts (drill hole: CTL0O04, 1513040
meters), b) quartz+barite+carbonate+sphalerite+pyrite matrixdimg mediumly
sorted, angular, strongly clay altered diorite clasts (drill hole: CTL0O0O4, 155.90
meters), ¢) matrix dominated which including pyrite+beige colored carbonate vein
containing poorly sorted, subangular, and slightly clay altered diorites st

hole: CTLO08, 329.00 MELEIS).....cuuureirriiiiiei e e e et e e e e e e e e e e enenraa e e as 81
Figure 54. Breccia vein pyitg marx ingluding¢ at al -
subhedral euhedral, moderately clay altered andesite clasts (drill hole: CTL004,
176.00 meters), b) quartz+barite+carbonate matrix conraining subhedinaldral,
poorly sorted andesite clasts (drill hole: CTL020, 132.90 meters), &
galena+chalcopyrite+pyrite+carbonate vein including slightly clay altered, poorly
sorted, relatively rounded andesite clasts (drill hole: CTL004, 216.00 mete8g).
Figure 55. The thin section photographs showing breccia veins. a) Fractured fine
grained pyrite (Sample 25; drill hole: CTL020, 46.50 meters) under reflected PPL,

b) fractured mediumto coarsegrained pyrite and fingrained galena filling into

XXV



spaces beteen pyrite (Sample 40; drill hole: CTL020, 284.20 meters) under
reflected PPL, c) fractured fine grained pyrite (Sample 45; drill hole: CTLO0OS,
329.00 meters) under reflected PPL, d) fractured mediarooarsegrained pyrite
(Sample 49; drill hole: CTLOB 397.50 meters) under reflected PPL, e) fractured
and brecciated pyrite matrix with quartz filling (Sample 47; drill hole: CTL032,
49.00 meters) under reflected PPL, and f) fractured and brecciated pyrite matrix with
quartz filling (Sample 47; drill holeCTL032, 49.00 meters) under XPL......... 83

Figure 56. The core sample photographs taken from diffedepths include
porphyry veinlets (Drill hole: SG35-8C, >850.00 meters).......cccceeeeeeeeeeenn... 84

Figure 57. Thin section photographs showing general characteristics of porphyry
veinlets. a) Deformed and fractured quartz+pyrite veinlets, which is cut by another
veinlet, cutting clay altered diorite including pyrite disseation (Sample 56; drill

hole: SCS15-8C, 883.90 meters) under reflected PPL, b) deformed and fractured
quartz+pyrite veinlets, which is cut by another veinlet, cutting clay altered diorite
including pyrite dissemination (Sample 56; drill hole: STE3C, 883.90 meters)
under XPL, c) quartz+pyrite veinlets which are cut by barren carbonate veinlet
cutting clay altered diorite (Sample 56; drill hole: SCB8C, 883.90 meters) under
reflected PPL, and d) quartz+pyrite veinlets which are cut by barren ctebona
veinlet cutting clay altered diorite (Sample 56; drill hole: SIBBC, 883.90 meters)
under XPL. Abbreviations: gtz: quartz, py: pyrite, ca: carbonate................. 85

Figure 58. The core sample photograph includes parallel veins................. 86

Figure 59. The panomaric photographs of ayicite altered and porphyritic
textured andesites with pyrite dissemination in matrix are defined asdoBst
While going from the walls of the vein towards the middle, thee barren barite

vein after the host rock, and then host rock is encountered again. After host rock,
host rock appears again with a barite vein containing sphalerite and specularite. Then
there is the carbonate vein, which is considered as the last piiasn moving from

the carbonate vein to the other wall of the vein, it was observed that it was placed in
the abovementioned order. Therefore, considering that there is a relative symmetry

and the carbonate vein is the latest phasebeaging barite &in and then barren
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barite vein are located after the barren carbonate vein (Sample 9; drill hole: CTL004,
128.10 MEBLEIS) .. iiiiiieieieiitiii sttt e e e e e e e e e enena e e e e e e e e e e e e e e e e eeeananeaeas 87

Figure 60. Thin section photographs of pyrite 1l phase and other metallic minerals.
a) Pyrite 1l surrounding the pyrite | phases (Sample 46; drill hole: CTLO06, 65.40
meters), b) pyrite2 surrounding the sphalerite in carboveite (Sample 46; drill

hole: CTLOO06, 65.40 meters), c) fractures of pyritel filling with pyrite2 (Sample 37;
drill hole: CTL020, 202.00 meters), d) pyrite Il surrounding pyritel, sphalerite,
chalcopyrite (Sample 10; drill hole: CTL004, 150.00 meters)yrded! surrounding

other ore minerals (Sample 11021; drill hole: CTL0O04, 216.50 meters), f) pyritel
surrounded by pyrite 1l which consists of minor amount of marcasite (Sample 11019;
drill hole: CTLOO4, 204.00 meters) under reflected PPL. Abbreviatpyis: pyrite
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ca: carbonate, Marc: MArCASILE...........coiiiieeriirieers bbb eeeneeeeeeeees 91
Figure 61. Thin section photographs show relationship between ore mindrals. a

d) Pyrite I cutting by sphalerite and galena which are surrounded by chalcopyrite, €)
pyrite | fractures filled by sphalerite andlgna which are replaced with chalcopyrite
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Figure 62. The thin section photographs of gold. a) Gold in anhedral pyrite
surrounding galena (Sample 28; drill hole: CTL020, 68.50 meters), b) Gold in
subhedral pyrite (Sample 28; drill hole: CTL020, 68.50 meters), c) chalcopyrite and
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surrounding chalcopyrite and sphalerite (Sample 11017; drill hole: CTL002, 256.40
meters) , e) carbonate veins inghgl gold, and ore minerals which are pyrite
surrounded by chalcopyrite which are cut by sphalerite and tetrahedrite group
minerals (Sample 11017; drill hole: CTLO02, 256.40 meters) , f) carbonate vein
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CHAPTER 1

INTRODUCTION

1.1 Purpose and Scope

Mining of metals have been a crucial activity for humange ancient times.

Western Anatolia has beamajor mimng region, especially fanining of precious

metals, since the Neolithic Period (Oy, 2017). During the past three dedaatgern

Anatolia has gaineturthersignificarce as a part of the Tethyan Metallogenic Belt
following the discoveries of economic magmdiydrothermal deposits including

the Ovacéek and Efem-ukuru epither.mal Au
Majority of the economic precious and base metal depasiisnumerous other
occurrences of porphyry, epithermal and skarn/carbonate replaesmpent
mineralization, are clustered in the Biga Peninsula and in the region that lies to the
south of the Biga Peninsula, adjacent to the Kozak P(iigure1).

This study f oc u&mAwsAgiprospecttwhithas oneaohihe Pelbent

and most significant di scoveriesmisin WesH
positioned in the northern margin of the Bornova Flysch Zone, to the south of Biga
Peninsula and approximately 30 km ENE of the Kozak Pluton (Figure 1). In the study

area, PKZn-Au-Ag mineralization is associated with epitherraglle quartz
carbonatebaritesulfide veins hosted in Miocene volcanic and -solzanic

lithologies. The prospect was initially targeted by the General Directorate of Mineral

Research and Exploration (MTA) through surface geochemistry and subsequent



drilling campaigns. Followig ear |l y expl orati on, MT A, cl ai

contains gold reserves of 0100 tons (or O 3.

in the prospect. Since 2018, the prospect
(TWF), who continued with more detailed fage sampling and followp drilling

of the prospect. A recent study by Sareée et &
mi neral ogi cal , and ore paragenetic data fr

potential, detailed geology, geometry, and kinematid¢ke structural elements that

controlled the mineralization in the prospect are not-lsdiwn at the present time.

In this regard, one of the primary purposes of this study is to unravel the tectonic and
structur al control s aatsalwean raesl attheed ¢ eoo neeptirty

formation.
For this purpose, the following tasks are performed within the scope of this thesis;

I. Mapping out 3D geometry of the ore bodies and associated host rocks

lithologies as well as alteration zones,

il. Mapping out structural elements related to the ore development and

evolution,
ii. Determining kinematic characteristics of the structural elements,

iv. Investigating the spatial relationship between the existing epithermal

mineralization and the deeper porphggpstem.

V. Providing insights into the spatial and temporal constraints on the

development and emplacement mechanisms of minerals in the study area.

To reach these goals, an extensive field study was carried out, which also included
sampling of the keyilt hol ogi es and mineralized/ altered
investigations are complemented with petrographic studies on collected samples.

The obtained results are then interpreted to provide information regarding the genetic



relationship between the doa | (¢catal -am and regiona
mineralization. Additionally, they help elucidate the lithological and structural
controls on the mineralization within the study area.

1.2  Tectonic Setting

Mesozoic evolution of Anatolia is related to the opening afious branches of

Neotethys Ocean and the convergence between Gondieavad continental
fragments and Laurasia since the Paleozo
subdivisions of Anatolia were first made by Naumann (1896) based on
geomorphologicafeatures such as mountain ranges. Afterwards, Staub (1924),

Seidlitz (1931), Kober (1931), Arni (1939), Blumenthal (1946), and Egeran (1947)
proposed their classification schemes. Most of these classifications have not survived

the advent of plate tectosichowever, the classification scheme proposed by Ketin

(1966) is partly still in use, which divides Anatolia into four major tectonic units.

From north to south, these are: the Pont.i
Anatolides are located #te center, Taurides lie at the southern margin of Turkey,

and the Border Folds located in SE Anatolia. Recent studies indicated that Pontides

have Laurasia affinity while the other tectonic units were mainly evolved in relation

to Gondwana. After the semia | wor k of keng°r and Yeél ma
units of Anatolia are subdivided into three major units. These are from north to south;

(1) Pontides that comprise all the Lauradéived units as well as the Sakarya Zone

and is distinguished withmetanr phosed Pal eozoic basement
Unit. (2) Taurides that, have Gondwana affinity and are characterized by almost
continuous Paleozoic to Tertiary continuous sequences with metamorphic
Precambrian basement. The metamorphosed northerafphaet Taurides is named

Anatolides (Ketin 1966). The age of Metamorphism is generally accepted as Late



Cretaceous to Early Cenozoic and resulted from the southwards obduction of the
ophiolitic m®l anges and the Poxnt(ikleersgrver t
and Yéelmaz 1981).

The southernmost tectonic units comprise 3) African and Arabian plates which have

been shaping the recent tectonic scheme of Turkey.

The study area is located in the western part of the Sakarya Zone. The tectonic
position of he Sakarya Zone is still under debate since it comprises Paleozoic to

Triassic lithologies derived from the Taurides but unlike Taurides it comprises a

metamorphosed Paleozoic basement.

The magmatism associated with the subduction and funtimeergence between the
Laurasia and Gondwasderived units resulted in widespread late Cretaceous to Late
Miocene magmatism, creating a very fertile metallogenic environment containing
calcalkalic and alkalic porphyry CuNlo-Au) and magmatitydrothermbasystems

introduced in various segments of the Sakarya Zone (Kuscu et al., 2019).

The present tectonic scheme of Tg¢rkiye i s d
processes. These are related to the westwards flee of the Anatolian Block along the

dextral North Anatolian and sinistral east Anatolian Fault Aréasand West

Anatolian Extensional Regime that is associated with the-backxtension related

to slab roltback processes manifested by migration of locus of extension and

magmatism southwards (Uzet al., 2020) as the northwards subducting African

lithosphere below Anatolia migrated southwards along the South A€ggaran
convergence zone (keng®°r et al ., 1985, Kay
¥zkaptan et al ., 2022).






One of the most prominent structures in western Anatolia is the recently recognized

KznrBal eékesir Transfer Zone which transfers ¢
Cycladic aad Menderes Core complexes (Uzel et al., 2013). It is a wide-SIS\Y

striking major transcurrent structure extending south of Marmara Sea to north of

Crete Island in the south. Its western and eastern boundaries are not well defined, but

thestudyarealsocat ed within central parts of the |

1.3  Metallogeny of NW Anatolia

The study area is |l ocated in the eastern ma
al., 2019) which is included within the late Cenozoic Western Anatolian Volcanic

Province (WAVP) (Ersoy et al., 2012). The Biga porphyry belt is associated with

18.242.6 Ma porphyry belt dominated by porphyry-8u and Mo deposits
including quartz diorite to granite porphyr
et al ., @ 2) Tlaimed that Bigat Peninsula magmatism is related to

collision to postcollisional tectonics regime and contains almost all varieties of

epithermal deposits ranging from higintermediate and lowsulfidation deposits

as well as base metal skaystems with high economic importance in addition to
porphyry deposits. Yijit (2012) further <cl a
67 mineral deposits are reported as epithermal deposits, and the number of porphyry

deposits is only 12 and 24 for ska. In addition, the porphyry deposits in the Biga

Peninsula are spatiotemporally associated with-sighdation epithermal deposits

(Leroux, 2016).

In Biga Peninsula, exploration studies were focused on quartz alunite epithermal
deposits whijceh (alraey | Ajré 1981; Kuk-u et al .,
1981; Kuk-u et al ., 2019).



Leroux (2016)arguedthat there were at least three porphyry phases and two
epithermal phases of mineralization in accordance with geochronological data
(Figure 2) and Stage 1 magmatism praed porphyry and epithermal mineral

deposits, while skarn type mineral depositsthegesult of Stage 2 magmatism.

Magmatic Stage 1 Magmatic Stage 2
Skarn -0t -{otmiu i fatl o
Porphyry Cu-Mo-Au L 1] tol ——— ——
Porphyry Cu-Aun Heoet— W |-etstiodotol ot H—Fe—— .
Mineral
LS Epithermal o] Het+—teott-e— Prospect
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Figure 2. Age distribution of magmatic activity and metallic mineralization in

we st er n(redirgun kfternfLeroux, 2016; references paper for age database are
inside).

In the Biga Peninsula, Cenozoic volcanism began in the Eacdansively and is
characterized by andesitic and dacitic elaline trend that continued with alkaline
basaltic volcanism through the Late Mi oc:¢
middle Eocene volcanism starts with medidmcalc-alkaline charaer then

continues with higiK calc-alkaline character during the Oligocene. Early Miocene
volcanism is characterized by higghshoshonitic lavas, while in the Middle Miocene

to Late Miocene volcanism shifted from mildly alkaline to alkaline (Yigit, 2012,

Uzel et al., 2020). Volcanism during the Middle to Late Miocene exhibits
geochemical signatures with decreasing crustal contribution and it is accompanied

by an enriched melt derived from the astHh

2008).






CHAPTER 2

LOCAL GEOLOGY

The study areaislocated 1 0 km nor t R3&ms northwvdst oKSomma r
district of Manisa anah the southeast of the Big@eninsulaThe area comprises a

number of lithologic units including the local basarh rocks ofthe Karakaya
Complex,and Late Cenozoic igneous rocks including Tresziler Granodiorite,
SomaFor mati on, the Yuntdaj V lasalticamBsite s , ¢at
dykes.

A large portion of the study area is covered by dense vegetammointherefore

surface exposures are relatively limited. However, based on outcrop observations
combined with drill hole data an integrated geological map of the study area is
prepared at a scaté 1: 30000(Figure3).

2.1 Karakaya Complex

The Karakaya Complex, which crops out in the northernmost part of the area, has
undergondow-grademetamorphism, the veins cutting the Karakaya Complex are
thought to be barre(Figure 4). Detailed descriptions of the lithological units are
provided below.

The Karakaya Complex or ms t he | ocal basement at a
prospect. It is first recogni zedameby Bi n
AKarakaya Formationo. The Karakaya For ma

Nil ¢fer Unit and the Upper Bl ocky Series



Tekeli, 1981). These consist mainly of sedimentary rocks, and the Karakaya
Complex is charaerized by the existence of exotic blocks Permian and
Carboniferous | imestone (Okay and G°ncg¢ojlu
The main lithologic unit of theKarakaya Complexin the study area is a
metasandstone unit whiarops out in the nortkrn partof the study aredn the

outcrop the rocks amgray (Figure4a), whereadreshsurfaces ardark grayto dark

greenin color (Figure4b). Quartz andsubordinatelagioclasere the main minerals

recognized in hand specimens. Same minerals were also identified in thin section as
mediumgrained, interlocking crystglghat are cemented by mica/sericite and

chlorite Figure4c).

Metamorphic lithologies dkarakaya Compleare generally nassociated witany

mineralization in the study ardalt these are locally cut by barrearite and quartz

veins(Figure4dd ) . However, accor tloritizgd metamofphiac € et al

units contain weak disseminationspyfite and chalcopyrite
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Figure3. Geological map of the study area. Structural measurement points are also
shown (red diamonds).
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Figure 4. @ Outcrop, b) hand specimen, c) thin section images of weakly
metamorphosed metasedimentary unit of the Karakaya Complex, d) barren barite
vein cutting the Karakaya Complex.

2.2 Soma Formation

The SomaFormation (Philippson, 1910)comprise early to middle Miocene

lacustrine and famlelta deposits, as well as shallow lake sediments that contain

economicc o a | beds (2KknEHoked®R8an@20®¥z-elik, 2015;
2022).The Soma Formatiois not exposed on the surfadritit is encountered in

the drill holes generally intersected beneath 250 m depth with thicknesses varying

between 2 and 22 meters. dbmprises intercalations of limestone, clay, marl,

siltstone, sandstone and conglomerate t he nort h, webktamnd sout!l

outside the limits of the mapped area.
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2.3  Terziler Granodiorite

The Terziler Granodiorite was first mapp
et al. (1971), this unit comprises orthoclase, plagioclase, quartz, hornblende, biotite,
and opaque mineralgnd local chloritization was observed after amphibole and
biotite.

During field studes the Terziler Granodiorite was observed as a porphyritic unit
dominated byuartzand lesseplagioclase and biotitg-igure5a). Similarly, quartz,
plagioclase and biotite are the main phenocryst phases in thin section, although both
plagioclase and biotite have been affected from moderate to strong intensity
hydrohermal alteration. Plagioclase has been transformed into sericite/clay and
biotite has been completely altered to chlorite, calcite, and sericite. Amphibole was
not detected in any of the collected samples. Quartz phenocrysts are commonly
resorbed with emdye texturesKigure5b). Phenocryst phases are surrounded by a

microcrystalline to glassy groundmasgsgure5sb).

Figure5. a) Hand specimen, and b) thin section images of Terziler Granodiorite.
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24 Yuntdaj] Volcanics

Middle Miocenei PlioceneYunt daj Vol canics werby first ma
Aky¢r ek an8l) Thevplcarmid sequehc® consisaofiesite andilicified

tuffs, andesites, and lahdeposits Seghedi et al. (2015) described Yuntdagi as a

composite volcano. Thegentified various lithologies, which they dated through

K/Ar dating. Main units from the Yuntdagi volcanic field were classified as andesitic

and dacitic sutvolcanic intrusions¥ 5 . 0 2 Nalandl% . 8 7 Md), .artdsite

and rhyolite lava flows1(5. 759 M& . 1 5. 9MaNI07 .6222 N8, .aed7

17 . 5 2 Md),.a6d7pyroclastic flow deposits with andesitic clagt6(. 6 5 N0 . 6 2

Ma). Seghedi et al. (2015) highlighted that the main phenocryst of andesites in
Yuntdaj Vol canics ar e pyroxepasocamphédodeewithwi t h si e v
marginal or total oxidation, and biotite that have rarely amphibole intergrowth.

At C¢cattane ammain | ithology identified as a part
andesite lava unit covering the eastern part of the prospedifagerre 3). Andesitic

lavas are quite friable in the outcrop due to intense alteration and low quartz content.

Plagioclase occurs as the main phenocryst phase (up to 1.5 mm in length), but it is

mostly altered into clays/sericite. In thin section, plagise phenocrysts display

sieve and seriate porphyritic textures, and are surrounded by -gréined

groundmass. Similar to plagioclase, all ferromagnesian (generally <500 microns)

phases have also undergone complete replacement by sericite or thegcéieeal,

but former presence of biotite and amphibole is suspected due to thgiresstved

crystal forms Figure6a,b,c) In the thin sectiona zone of intense oxidation is also

observedwhich has affected both phenocrysts and groundiégsre6d).

Andesitic lavas of the Yuntdag Volcaniceea&commonly crossut by epithermal

style quar t z + bbamatdlulids veins, and in places these veins form dense

stockworking zones in the outcrogigure?).
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Figure6. a) Outcrop,t ) hand speci mens, and d) t
Volcanics.

Figure7. a) Strongly deformed and clay altered stockwork zone is cut by epitermal
vein, and kc) hand specimen images of epithermal vein.
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2.5 ctatal -am Diorite

The ¢atal-am Diorite is first identified by
with dioritic composiion and porphyritic texture As such it is interpreted to be a
subvolcanicunitcross ut t i ng t he Ykigure8da] ®Bareawevtcal ( ( 2
reported a LPb zircon age of ~17 Ma from this unit.

The ¢ a t a IDiordems a porphyritic unit préominantly consisting ofcoarse
grainedplagioclaseand relatively fineigrainedamphibole and biotitphenocrysts

(Figure 8b ) . This unit is distinguished from th
intensity sericite/clay alteration and stockwork veining, as well as by the presence of
coarsergrained plagioclasphenocrystsKigure8c). Plagioclase is accompanied by

guartz and the ferromagnesian mineral content is significantly lower compared to the

Y u nt d a&gnicsVRiabioclase phenocrysts have been affectestibitizationand

clay alterationwhereas biotite has been replaced by a mixture of sericite, rutile, and

quartz. Sicification is also present in the firgrained groundmass.

Figure 8. a) Outcrop image including boundary b
¢atal -am Diorite |, b) hand speci men i mage
intensely clay altered and weathered hand specimen image.
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2.6  Basaltic Andesite Dykes

At ¢atal-am, the youngest identified 1ign:¢
dykes. These are observedtocrosst t he Yuntdaj VbBdueani cs i
3 and Figure 9a), and all other igneous units in drill coféigure 9b, c). Where

mapped basaltic andesite dykes predominantly trend irSEBMand less commonly

in NE-SW direction Figure3). Dyke thicknesses range between 10 cm to 60 meters.

Basaltic andesite dykes are generally green in color owing to hydrothermal alteration
(Figure 9a, c) but the intensity of alteration is generally weaker particularly in
comparison to that was observed in Yunt de
have an overall low phenocryst-groundmass ratio, but this ratio may vary within

individual dykes Figure9b).

Plagioclase is mediunto coarsegrained and is the most abundant phenocryst phase.

It shows partial alteration tsericite/clay. Phenocrysts are set in a glassy to
microcrystalline groundmass, which has been replaced by secondary minerals such

as chlorite, clay, pyrite, and minor chalcopyriggreod, e).

Basaltic andesite dykes observed in drill core generally show close spatial
relationship to epithermatyle veins. Vein fragments were locally observed within

some dykes, and in some places dykes were emppacatiel to and along the vein

margins.

17



Figure 9. a) Outcrop image of basaltic andesite dyke, b) core sample showing
boundary between basaltic andesitic dyke and andesite, c) core sample showing
basaltic andesitic dyke with cammte fragment, d) outcrop with
guartz+barite+carbonate veins and weathered sulfide stockworks, €) outcrop images
of basaltic andesitic dyke with quartz+barite+carbonate veins and patchy pyrite and
chalcopyrite.
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CHAPTER 3

METHODOLOGY

The methodology followed in this study includes
Preliminary studies,
Fieldwork,
Relogging,
Kinematic Analysis,
Petrography and ore microscopy,
Surface geochemistry
3D Modelling.

3.1  Preliminary Studies

Prior to fieldwork collection of litetaire, and study of the fieldwork and its vicinity
using GoogleEarth imagery as well as collection of available geochemical data. The
collected data were analysed in detail and used for the classification of the fieldwork
area for its mineral potential atelel of detail during fieldworks.

3.2 Fieldwork

Fieldwork was conducted with an aim to prepare the lithological, structural and
alteration maps of the ¢atal-am prospect
of various rock units were followed as much asgilole despite dense vegetation.

Rock sampling was also carried for accurate identification of the exposed rock units
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and alteration zones. Surface data was later integrated with the available drill hole

data.

Fieldwork also included collection of orietitan data from bedding planes, and other
geological structures such as faults, veins, and joints. These data are used to
understand kinematic characteristics and paleostress configurations in the study area.
During the field observations, veins and fraetuare distinguished and recorded
based on the presence and type of the infilling minerals. Relevant information was

recorded on the spot and these were later verified through petrographic studies.

3.3  Relogging

Relogging comprises careful examination of thailable drill cores and revision of
existing drill hole data, which was obtained during separate drilling campaigns
carried out by MTA and TWF. One of the most important aspects of relogging is the
reclassification and standardization of the drill loggparred by different exploration
teams. During the relogging in addition to petrographic information, structural
features such as veins and faults are recorded. The veins are classified according to
their ore contents and thicknesses, while fault data alassified according to the
thickness of the damage zone kinematic characteristics. These were compared and
integrated into surface data.

3.4  Kinematic Analysis

In order to understand the kinematic evolution of the study area, 271 vein orientation
measuremestand 604 faulslip data measurements were performed on 56 different
fault planes in the field. Vein data is grouped according to their mineral content

whereas faulslip data are grouped and evaluated separately for each fault.
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Paleostress studies wersacarried out together with the fault data and vein data

collected.

3.5  Petrographic Studies

Within the scope of the study, a total of 77 samples (76 drill core samples and 1
outcrop sample) were taken from 9 different drill holes for petrographic examination.
Samples were taken from intervals considered to be representative of different
lithologie s , alteration styl es, and minerali ze
well as from intervals that have significant metal grades. Polished blocks and
polished thin sections were prepared at the laboratories of MTA and Istanbul
Technical University. Fosampling, CTL0O02, CTL004, CTL0O06, CTL008, CTL011,
CTLO20, CTL030, CTL032, and SEX%-8C drill holes were selected. Prepared
polished blocks and polished thin sections were examined using a transmitted
reflected light polarizing microscope with a camdtached. Obtained data was used

to determine primary rock forming minerals and primary rock textures, alteration

and ore mineralogy, ore textures, and ore paragenesis.

3.6  Surface Geochemistry

In the study area, 991 soil samples were taken by MTA, and ark8Besamples

were taken by the Turkey Wealth Fund (TWF) for geochemical analyses. MTA
samples were analyzed-ouse for 8 elements (Ag, As, Au, Cu, Mo, Pb, Sb, Zn),
whereas TWF samples were analyzed at the SGS and ALS Laboratories for >35
elements. Sosampling was done on a grid pattern, which is useful for the gridding

to be created for surface geochemistry. Soil anomaly maps were created using
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Kriging method. While using the Kriging method, sill, range and nugget values were

determined from the expemnental variogram created for each element.

Apart from the pathfinder and indicator elements used to determine the alteration
and mineralization areas together with the literature research, a correlation study was
carried out within the data itself and thehavior of the elements relative to each
other was examined. Correlation coefficients were calculated using the Geosoft
Target program using the Pearson method. Surface geochemistry studies were
performed by creating anomaly maps and anomaly contourddtir known
pathfinder and indicator elements and elements indicated by correlation coefficients.
Surface geochemistry studies have played an important role in the detection of

mineralization, alteration, and peasiineralization faults.

3.7 3D Modelling

Both the lithological and structural model creation process, along with the drill core
re-logging process were made using the Leapfrog Geo software. In the Leapfrog Geo
software, data validation was performed in the geological and structural model
creation procsses, and then the topography surface was created. After the
topography surface was created, the data collected from the surface along with the
drill hole data were combined and the model was improved. At the same time, the
crosssections created togethaith the concept models created throughout the
process were used to improve the models that were verified. Therefore, the implicit

modeling was fed with additional data and the final model was obtained.
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CHAPTER 4

STRUCTURE

Structural eéments in this study compri¢aults, veins andarious norsystematidractures
observed during field studies. During the field stué@4fault slip data from 38ifferent fault
surfacesand268vein data with different contentseasurementsre colleted (Tablel).

Tablel. Information about the Amount and Characetristics of Measured Structures in the
Field.

Type of Structure Content # measurement

Fault Slip Data - 604
barite

bariteNgal enaNsph

guartz+barite+carbona

Vein guartz+barite 268

quartz+bariteNgal en

quartz+pyrite

guartz+galena

4.1 Faults

Paleostress and extensional regime studies were carried out with 604 measurements taken from
33 different fault surfacesaults are grouped spatially so that they can be examined in detalil

visually (Figure10).
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Figure10. Geological map showing the studied fault structures and the main Fault Areas.

41.1 Fault Area 1

Fault Area 1 comprises the fauR498N, P199N and P200N total of 53 measuremendse
collectedfrom the P198N fault. Thenematic indicators anslicken sides on the fauftdicate
that itis anormal fault with slightight-lateral strikeslip comporent (Table2). While the fault
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named P198N can be followed on the surface for approximately 50 nedigins hematite
coating was also observed or tlault surfaceln addition,measurementare collectedn the

fault surface named P199N to the west of the P198N fault. The P199N fault surffash is
and does not appear to be mineraliz&ido, this fault is classified as a strikép fault with
nomal componentln addition, the fault surface named P200N is located to the west of the
P199N fault. A total of 17 measuremeras collectedfrom the P200N faultwhich is
interpreted as a normal fault with rigllateral strikeslip componentRigurell).

Table2. Summary Table of Fault Measurements in Fault Area 1

Principal Stress Axes
Name of . . .
#nt n R ul (D u2(DI/ u3( D/
Fault
P198 53 53 0.17 | 314N/77 123N/13 214N/02
P199 10 7 0.27 | 246N/45 031N/40 137N/18
P200 17 17 0.39 | 319N/86 128N/04 218N/01

#nt: total measurements, n: used number of measurements, R: stress ratio, D: Direc

Plunge
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41.2 Fault Area 2

Fault Area 2 includes the dlis P2, P6 and P93-igure 12a). The P2 fault is
interpreted as a normal fault with riglateral strike component from slickandes
andkinematic indicators.Table3; Figure12b; Figurel2e).

Fault P95 is a righfateral strikeslip fault with normal component from the
kinematic indicator and slickesides. A total of 5 measuremts were taken from

the surface of the P95 fault. The rocks along the fault are partially weathered and
clay alteration is observed on the fault surface visible along the roadeale 8;
Figurel2c; Figure12f).

Fault P6 is interpreted as normal fault with a rlghéral strike component. A total

of 11 measurements are taken from this fault surface. Extensive clay alteration is
observed along the fault. However, no metallic mineralization pé@de along the

fault (Table3; Figurel2d; Figure12g).

Table3. Summary Table of Fault Measurements in Fault Area 2.

Principal Stress Axes
Name of . . .
#nt n R ul (] u2(D/l u3d(D]J
Fault
P2 12 10 024 | 237N/75 | O008N/10 | 100N/11
P95 5 5 0.2 | 236N/17 | 053N/73 | 146N/01
P6 11 11 0.51 | 225N/65| O070N/23 | 336N/09

#nt: total measurements, n: used number of measurements, R: stress ratio

Direction, P: Plunge
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41.3 Fault Area 3

Fault Area 3 comprises the faults P209, P318, P208, P317, P315, P33, and P30.
There is a normdhult with slightleft-lateral strike component fault located in the

river named P318 in the northwest of the designksadt Area3, and this fault is a
normal fault with leftlateral strike componenEigurel3; Figurelda). Slickensides

were also observed on the siligeh vein on the fault surface named P3E8ult

P208 which is located at the north fafult P318,is classified as a normal fault with
left-lateral strike componenTéble4; Figure13). On the surface of the P208 fault,
slickensides were found over the hematiegure 14b). The fault surface named
P209 lies to the east of the faults named P318 and B308xamining kinematic
analysis and slickelines, his fault isclassified as aormal faultwith right-lateral

strike componentThis fault surface vein was traced along the surface of the silica
vein, but no ore mineral was found in the surface studies within this silica vein
(Figurel4c). The fault surfaces named P317 and P315 are located to the east of the
abovementionethults(Table4; Figure13). P317is classified as a lefateral strike

slip fault with normal componerand P315 faulis interpretechs normal faults with
left-lateralstrike component, aghit was observed that the fault surfaces were fresh,
and no ore mineral was encounte(Edyure14e). P30 and P33 faults are located in

the easternmost part of the Fault AreaTalfle 4; Figure 13). While oxidation is
observed on its surface, pyrite decompositions are also observed in (Blgces

14d; Figure 14f). Both P33 and P30 faults are normal faults with-lateral strike

component.
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Table4. Summary Table of Fault Measurements in Fault Area 3.

Principal Stress Axes
Name of
- #nt n R 1 (0 Gg2(D/| G3 (DI
P209 25 21 0.55 | 316N/53 127N/37 | 316N/53
P318 22 22 0.46 | 135N/82 330N/07 | 240N/02
P208 8 8 0.19 | 194N/60 | 325N/21 | 064N/21
pP317 6 6 0 084N/02 184N/78 | 354N/12
P315 11 11 0.23 | 033N/67 263N/15 168N/17
P33 10 7 0.09 | 237N/75 | 116N/08 | 024N/13
P30 4 4 0.22 | 089N/60 | 293N/27 | 198N/10

#nt: total measurements, n: used number of measurements, R: stress ratio

Direction, P: Plunge
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414 Fault Area 4

Fault Area 4 includes the faults P87N, P83N, P82N, P73N, and P72N from north to south
(Figurel6a).

Surface of P87N fault is is oxidized, clay alteration has been observed, at the same time there
are brownrcolored veinlets on the surface caused by pyrite weathdfiggré15a). This fault

is classified as a normal fault with lééiteral strike component from kinematic analysis and
surface studiedHgure16b; Tableb).

Just south of the P87N fault lies the fault surface named P83N. While there is no mineralization
on the surfae of the P83N faultRigure 15d). This fault is classified a& rightlateral strike

slip fault with normal componenE{gure16c; Table5).

A total of 15 and 9 mesurements are collected from the faults named P73N and P72N. On the
fault sufaces, strong clay alteration is observed on this fault surface, there is also a small amount
of weathering Figure 15b, c). Both of these faults are classified as a normal fault with left

lateral strike componenEigurel6d, e;Tableb).

Table5. Summary Table of Fault Measurements in Fault Area 4

Principal Stress Axes
Name of . . .
#nt n R ul (D u2(D| u3(D/

Fault

P87N 9 9 0.33 267N/76 022/06 | 114N/12
P83N 10 8 0.36 357N/15 | 223N/69| 091N/15
P73N 20 15 0.1 128N/76 | 014N/06| 283N/13
P72N 9 9 0.11 172N/69 | 034N/16| 300N/13

#nt: total measurements, n: used number of measurements, Rragtoeds: Direction, P:

Plunge
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Figurel5. The outcrop image of a) P87N fault, b) P73N fault, ¢c) P72N fault, and d) 83N
fault.
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415 Fault Area 5

Fault Area 5 includes 9 different fault surfaces as shoviagare 17.

A total of 16 measurements are collected from the fault surface named as P106N at the far
southwest of Fault Area 5. In the kinematic analysis studies and surface studies, the P106N
fault isinterpreted as a normal fault with slight rigateral component, and this fault surface

is well oxidized, and pyrites appear from place to pldedble6; Figurel7; Figurel8a).

P150N fault stface is partially weathered and slickeides can be observed on dark gray
colored quartz vein on the fault surface. This fault is classified as a normal fault with slight
right-lateral component from kinematic analysis and surface stuthéée®; Figurel7; Figure

18b).

A total of 9 measurements are collected from P117N fault. From the kinematic indicators and
slickensides, the P117N fault is interpreted as a normal fault with slight-letgnal
component. On the fault surface, oxidation is observed, and slickensides are also observed on
gray colored silica veins on this surfad@lle6; Figure17; Figure18c).

There are P133N arfd136N fault surfaces to the east of the P106N and P117N. P133N is a
normal fault with leftlateral strike component and P136N is alaferal strikeslip fault with

normal component based on kinematic indicators and slickensides. Both of these stefaces a
partially weatheredT{able6; Figurel7; Figure18d).

There is a fault named P147N and 6 are collected from this surface. Based on kinematic
indicators and slickensides from the fault surfabe, fault is a rightateral strikeslip with

normal component. This fault surface is severely weathered and breccias are observed in places
(Table6; Figurel?).

There are fault surfaces named as P190N, P193N, and P194N in the far northeast of the
mentioned faults and a total of 52, 15 and 9 measem&srare collected from these surfaces.
Clay alteration is visible on the surface of fault P190N which is interpreted as normal fault with
right-lateral strike component® éble6; Figure17; Figure18e). On the P193N fault surface,
disseminated pyrite is observed. The fault is interpreted as a normal fault with slight right
lateral strike component® &ble6; Figure17; Figure18f). There are fault breccias on surface

of faults P194N which is interpretad normal fault with leftateral strike component, although

slickensides are not as clear as other fault surfa@sg6; Figurel?).
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Table6. Summary Table of Fault Measurements in Fault Area 5

Principal Stress Axes

Name of

Eault #nt n R a1 (DlG2(D| G3(D/
P106N 16 16 0.32 187N/67 | 071N/11| 337N/20
P117N 10 9 0.51 239N/60 | 009N/21| 107N/21
P150N 18 18 0.38 326N/64 | 098N/18| 194N/18
P147N 10 6 1 207N/67 | 060N/20| 326N/12
P190N 55 52 0.24 226N/74 | 093N/16| 002N/02
P193N 15 15 0.16 063N/70 | 331N/01| 241N/20
P194N 9 9 0.5 059N/85 | 271N/04| 180N/03
P136N 12 12 0.5 113N/39 | 335N/42| 223N/22
P133N 6 6 0.5 066N/88 | 176N/01| 266N/02
P106N 16 16 0.32 187N/67 | 071N/11| 337N/20
P117N 10 9 0.51 239N/60 | 009N/21| 107N/21
P150N 18 18 0.38 326N/64 | 098N/18| 194N/18

#nt: total measurements, n: used number of measurements, R: stress ratio, D: Direc

Plunge
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Figure18. The outcrop image of a) P106N fault, b) P150N fault, ¢) P117N fault, d)
P133N fault, €) P190N fault, and f) P193N fault.
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41.6 Fault Area 6

FaultArea 6 consists of six faultsas showrFigure19.

A total of 9 and 17 measurements are collected from the faults P187 and B9 (

7). From kinematic indicators and slickensides observed on the fault surfaces, P187
fault is a normal fault with sinistrdteral strike component, whereas P159tfeu

a normal fault with rightateral strike componentigure 19). The clay alteration

and oxidation observed along the fault is thought to beitttedl by mechanical
wearing and tearing along the faltigure20b, c).

From the faults P167, P173, P181 total of 13, 14, and 11 measurementteatecol
respectively Table7). The dominant azimuth and plunges of each of these faults are
106N/52, 072N/59, and 070N/56. Baseddhickensides andiikematic indicators
observed in the field, all these faults are normal faults with-tagatal strikeslip
componentkigurel9). Similarly, oxidation is also developed on each fault surface
(Figure20a, d).

A total of 25 measurements from the fault surface called P177 are collected from 5
different fault surfacesT@ble7). This fault is classified as a nornfallt with left

lateral strikeslip component FKigure 19). On the fault surface,

guartz+barite+galena+sphalerite vein can be obseRigdre20e, f, g).

Table7. Summary Table of Fault Measurements in Fault Area 6.

Principal Stress Axes

Name of . . :
#nt n R u AD/P) u2(D/J u3( Dj

Fault

P187 9 9 0.18 | 150N/68 | 004N/18 | 270N/11
P159 49 47 | 0.41| 193N/80 | 354N/09 | 085N/03
P167 13 13 | 0.54 | 243N/53 | 039N/35 | 137N/11
P173 14 12 | 0.37 | 131N/67 | O01N/15 | 266N/17
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Principal Stress Axes
Name of . . .
#nt n R u ID/P) u2(D/J u3( Dj
Fault
P177 25 25 | 0.36| 238N/56 | 353N/16 | 093N/29
P181 11 11 | 0.47 | 152N/68 | 004N/19 | 270N/11

#nt: total measurements, n; used number of measurements, R: stress ratio

Direction, P: Plunge

P177

4360000

'
4359500

T
540000

T
540500

Figurel19. The figure including Fault Area 6 with faults which are named as P187,
P159, P167, P173, P177, anti81.
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Figure20. The outcrop image of a) P181 fault, b) P159 fault, c) P187 fault, d) P167
fault, e) P1771 fault, f) P1772 fault, and g) P173 fault.
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42 \Veins

A total of 268 measurements were taken frexposedveinglet)si n t he ¢at al -

prospect Except forless commorbarrensilica veinlets,most epithermal veins

containquartz, barite, calcite, pyrite, asdlfideore mineralsas vein fill The veins

were initially clasdied into 22 types based on vein content. For simplicity and ease

of modeling, however, these were later divided into 7 different groups based on the

dominant vein fill and on the basis of mineralization, as showae8. Veins are

generally exposed in or around stream channels and valley floor as well as along the

road cuts.

Table8. Main Vein Groups I dentified at

Vein Content (from field)

Grouped Vein

gtztba+ga

qtz+ga+py
gtz+ba+hem

gtz+ba+ga+hem

gtz+ba+ga+sph

gtz+ba+ga+sph+hem

gtz+batgatpy+aspy

Mineralized quartzaritedominant veing

ba+ga+sph

ba+sph+hem

gtzt+batgatpy

ba+cpy+mh

ba+ga

ba+hem

Mineralized baritedominant veins

ba

Barren barite veins

ga

Galena veins
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Vein Content (from field) Grouped Vein

gtz+ga

gtz+ba Barren quartbaritedominant veins
qtz+ba+ca _ _ _

Mineralized quartzarite-carbonate
gtz+ba+ca+ga+sph _ _
dominant veins
gtz+ba+ga+py+cpy+mh
qtz+py+hem . .
Barren quartpyrite veins
qtz+py

Y

(.

Figure21l. Map view showing spatial distribution of vein zones prepared using
Leapfrog Geo.

All 268 vein measurements were plotted on a stereonet to detect extensional
directions and sets based on density of measurements. By looking at density of all

vein measurements, three different vein sets named 1m: Set A, 2m: Set B, and 3m:
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Set C are defirle 1m: Set A contains the most measuremedthough this set
includes all different types of veins, it includes dominantly barren gpsrite veins

and mineralized quarizarite dominant veins. The dip direction and dip of the mean
plane of this set ar228N/58Figure22).

2m: Set B contains 32 different measurements; this set includes mainly barren
quartzpyrite veins. Although this set containsineralized veins, it mostly consists

of veins called barrerThe dip direction and dip of the mean plane of this set are
029N/67 (Figure22).

Finally, one more set is defined as 3m: Set C which includes 10 different
measurements; therefore, the direction is not as major as the othelNeatsjor

vein type is seen in this set, it contains both mineralized and barren Teedip
direction and dip of the mean plane of this setl®&N/75 Figure22).

Figure 22. The stereonet projection (Equangle, Lower Hemisphere) displaying
poles of all veins colored and shaped according to vein content, and 3 sets of these
veins with plane directions.
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