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Biga Peninsula is a geologically diverse and complex peninsula that has been exposed to a series of tectonic events
during its lengthy history. It represents the western section of the Sakarya Zone (S Pontide Domain) along the boundary
between Gondwana and Laurasia and consists of numerous tectonic units, representing both continental and oceanic
assemblages. The tectonic activity of the Biga Peninsula is primarily impacted by the motion occurring along the North
Anatolian Fault Zone.
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| 1. Introduction

Skarn deposits, which are predominantly classified as Fe-skarns and Cu-skarns, are a significant mineral deposit located
on the Biga Peninsula of Turkey (Figure 1). Fe-skarns are the most abundant type of skarn deposit in western Anatolia.
They arise when plutonic rocks such as granodiorite, monzodiorite, quartz diorite, or diorite intrusions emplace into
metamorphosed sedimentary to volcanosedimentary rocks . These skarns frequently co-generate with porphyry Cu
deposits or epithermal Au deposits. This suggests that the Fe-skarns in the Biga Peninsula are an outcome of the broader
magmatic—hydrothermal systems developed in high-level porphyry settings . They are distinguished by economically
valuable Cu mineralization that occurs as veins or irregular pockets that extend across magnetite ore bodies. These
deposits are related to the Oligocene to Lower Miocene granitoids, particularly diorite and monzodiorite dike-like bodies
close to the intersection of graphitic recrystallized limestone . The deposits, including Uskufcu, Demirtepe, Evciler, and
Bakirlik, frequently coexist with high-level porphyry systems as well (Figure 1). The Cu-skarns in the Biga Peninsula are
made up of garnet—pyroxene and wollastonite—garnet skarns in endoskarn zones and wollastonite—garnet skarns in
exoskarn zones [, However, Fe-skarns in the Biga Peninsula include magnetite, phlogopite, and actinolite and exhibit the
alteration of magnetite to hematite, leading to supergene copper enrichment. There is also economically significant gold
mineralization in the altered prograde skarns of certain deposits; this mineralization appears as magnetite and
chalcopyrite lenses or pockets L. The region also has Mo-skarns, yet these are rather less prevalent than Fe-skarns and
are typically regarded as being unprofitable. These Mo-skarns frequently include W and Cu mineralization and are mostly
found in the regions of Sogucak, Sofular, Ayvalik, and Cakiroba. Their grade ranges from 0.1% to 0.6% Mo. These diverse
skarns demonstrate how the Biga Peninsula is mineral-rich and how important it is for mining exploration and
development .



! 0. L]

]

3 57,50
3 00,92
3.94,5)

//Gpn:bolu I i
=

I/n' s aklroh&”- ¥
. { . 4 T //‘ranlalmag. - l‘j‘"""‘:‘"
Ushufciy | Aladag) . o -‘-_'[:-' Yonice! _7 murlar |
Mdn f o }g%oz
5 CANAKKALE
Et {. \ 5 e, 3‘;‘,:_
Bakirl |Irlnpn -Bagirkacdere
A 15 "'-V ~ Tozludere B
N .J A7 BALIKESIR
2 A { fuﬂaqukur‘u
o 10 20 km r/ ni * Hallar //
Ayvack [' -
% { g r‘
38°30' N g
1l d I \=--.,f_"“r{_/ r‘J_/J F o .
I | | I ] I = | ]
Uppar Me2lahe Hasalt
- = Activg faulls
Lérwar-Mitlctls Miscena U"“"Lfr::r:"‘l:‘u'gsﬂﬁl_::f’“h — Falts
Dligo-Miscans || i Granitodd b=t Thrust tnaills
Roads
Bligocane Undifferentisbed volcanic rocks Major towns
B oo
H - Andenite Deposits or Prospects
- Sharn deposits
210 | Undifferentiated volcanio rocks
Y (nodimentnry rocks in places)
Upper Cretacecus - Granitoid

Trinssic [N Basnit, spéite | Karaknyn Gomplex

Figure 1. Distributions of the skarn deposits in the Biga Peninsula, NW Turkey, modified according to Yigit & and Kuscu
)

| 2. Regional Geological Background of the Biga Peninsula

Biga Peninsula (Figure 1) is a geologically diverse and complex peninsula that has been exposed to a series of tectonic
events during its lengthy history. It represents the western section of the Sakarya Zone (S Pontide Domain) along the
boundary between Gondwana and Laurasia &l and consists of numerous tectonic units, representing both continental and
oceanic assemblages 1. The tectonic activity of the Biga Peninsula is primarily impacted by the motion occurring along
the North Anatolian Fault Zone [l This fault zone divides into two primary branches, namely, the northern and southern
branches, located in the eastern area of Marmara. The southern branch of the fault system has a trajectory that extends in
the direction of the Biga Peninsula. This region is distinguished by a stress regime that involves strike-slip and oblique
normal faulting, particularly in its center-to-northern portion. The region located in the southernmost portion of the
peninsula has a stress regime that is mostly characterized by normal to oblique faulting 2. Okay, et al. € identified four
distinct NE-SW trending zones within the Biga and Gelibolu peninsulas These zones, listed in order from northwest to
southeast, are referred to as the Gelibolu, Ezine, Ayvacik-Karabiga, and Sakarya zones. The oldest rocks in the Biga
Peninsula are metamorphic basement rocks that formed during the Precambrian to Early Paleozoic era. These basement
rocks consist primarily of gneisses, schists, and marbles that underwent multiple metamorphic events under high-pressure
and high-temperature conditions 4. The peninsula also has plutonic and related volcanic rocks, ophiolites, and
amphibolite to granulite facies metamorphic rocks B2, Furthermore, the area has two major thrusted basement rock
groups: the Kazdag metamorphic units and the Camlica metamorphic unit with high-pressure assemblages, as well as the
Kemer metamorphics 9. In other words, the metamorphic rocks are split into two major zones: the Ezine zone with the
Camlica Metamorphic unit in the northwest region of the Biga Peninsula and Kazdag Group and Karakaya Complex zone
in the southeast region of the Biga Peninsula, which serve as the basement of the Rhodope and Sakarya zones,
respectively 2. Other metamorphic units occurred in the Biga Peninsula, such as the Camlik and Yolindi Metagranodiorite,
which was exposed north of the northeast region and intruded into the Kalabak Formation . The main tectono-
stratigraphic units in the area of the Biga Peninsula are Denizgoren ophiolite and Cetmi ophiolitic mélange, which
occurred in the SW and N of the Biga Peninsula, respectively [, The Biga Peninsula observed extensive tectonic
processes throughout the Mesozoic era, including sedimentation, ophiolite emplacement, and the development of volcanic
island arcs Bl Sedimentation had a significant effect in creating the geology of the area throughout the Triassic era.
During this period, extensive deposition of carbonate rocks such as limestones and dolomites occurred in shallow marine
environments B2 These carbonate rocks give evidence of Triassic marine environments on the Biga Peninsula 22, As



the Mesozoic period gave way to the Jurassic and Cretaceous periods, tectonic activity spread ophiolite complexes over
the continent, as well as flysch and mélange deposits. These ophiolites and associated deposits reveal geological events
such as oceanic crust formation, subduction, and accretionary processes in the area. Therefore, they are predominantly
Permo-Triassic carbonates and clastic rocks of the Karakaya Complex, with Mid-Triassic to Jurassic neritic limestones of
the Cetmi Ophiolitic Mélange occurring as part of several Formations, including the Bayirkdy Formation, Bilecik
Limestone, and Vezirhan Formation [£!.

Aside from the metamorphic basement rocks, the Biga Peninsula has an extensive record of magmatic and volcanic
activity dating back to the Pre-Cenozoic and Cenozoic eras (Figure 1). Granitic intrusions and volcanic rocks were
emplaced on the Biga Peninsula during the Late Paleozoic era as a result of the closure of the Paleo-Tethys Ocean and
the formation of the supercontinent Pangea 13 They also took place in an extensional tectonic regime, which is
characterized by the stretching and thinning of the Earth’s crust. This extensional tectonic regime resulted in various
unique tectonic settings such as the back-arc basin ¥l orogenic collapse 4l slab breakoff [22; and single-subduction
zone 18], The formation of the back-arc-type extension in the Aegean area may be attributed to the rollback of the Hellenic
subduction zone MIAIL8] However, the orogenic collapse of the high topography thickened crust during the Eocene also
contributed to the extension in the Aegean area 4. Additionally, slab break-off, convective removal, or partial
delamination of the lithosphere are the driving mechanisms responsible for syn-convergent extension and magma
generation X5, The granitic intrusions found on the Biga Peninsula are frequently accompanied with mineralization,
suggesting that they might have formerly acted as a source of important metallic minerals [&. The Late Cretaceous
Sevketiye Pluton (Delaloye and Bingdl, 2000) represents the Pre-Cenozoic era in the northern part of the Biga peninsula
(Figure 1). In contrast, the Cenozoic era is characterized by a variety of intrusions across the Eocene to the Oligo-
Miocene, including Dikmen, Evciler, Eybek, Kestanbol, Kuscayir, Saroluk, and Yenice, which are mainly concentrated in
the central and southern regions of the peninsula, along with the Kapidag and Karabiga plutons in the north [12[20(21][22][23]
(241, The volcanic rocks that originated on the Biga Peninsula during this time period provide valuable insights into the
ancient volcanic arcs that formed due to the subduction processes of the Neo-Tethyan oceanic lithosphere in Anatolia [25.
These volcanic rocks, together with the related mineral deposits, give vital information on the tectonic and magmatic
processes that occurred in the region during the Late Paleozoic period [&. Pre-Cenozoic volcanic rock assemblages are
dominated by Triassic basic volcanic rocks such as basalts and spilites. These are found with ophiolitic mélanges, a
chaotic mix of rock types, and the Karakaya Complex [&. The Cenozoic period, on the other hand, observed the formation
of Ayvacik volcanic rocks, Ezine basalt, and Tastepe basalt, all with calc-alkaline to alkaline affinities, indicating a diverse
magmatic history 2926127 |n addition to their geological significance, the Cenozoic plutons and volcanic successions of
the Biga peninsula are economically significant. The majority of the metallic mineral resources and industrial materials that
have aided its economy are related to these Cenozoic formations 28 (Figure 1).
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