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ABSTRACT

3D U-SPATIAL STATISTICS APPLET: CASE STUDY IN TWO DISTINCT
GOLD SYSTEMS IN THE EASTERN PONTIDES IN NE TURKIYE

Ertung, Giines
M.S., Department of Geological Engineering

Supervisor: Assist. Prof. Dr. Ali Imer

September 2023, [77| pages

Geochemical anomalies that develop around metallic mineralizations are directly
linked to ore formation processes and play an important role in mineral exploration.
In exploration geochemistry, a non-anomalous element concentration is referred to as
the background value. Considering the practical implications in exploration, statisti-
cal methods have been utilized not only for assessing background concentrations, but

also for the separation of geochemical anomalies from background.

The aim of this study is to determine the geochemical anomaly zones in two different
Au mineralizations located in the Eastern Pontide Magmatic Belt in NE Anatolia
which are of great importance in terms of regional metallogeny. For this purpose, 3D
geochemical anomaly mapping was carried out with the U-Statistics methodology

using drillhole databases.

In the Salinbag Au prospect, located about 20 km SE of Artvin and representing a
carbonate-replacement type mineralization, anomaly zones were determined as iso-
lated clusters with low lateral continuity. It is thought that this distribution is par-

ticularly controlled by the shallowly dipping lithological contact in the study area.



Additionally, the sporadic distribution of the anomaly zones is probably due to the

karst development along which ore precipitation occurred.

At the Tag project, which is an intermediate-sulfidation epithermal type mineraliza-
tion located approximately 4 km SW of Yusufeli (Artvin), horizontal and vertical
continuity of the anomaly zone is evident. The domain of vertical continuity in the
prospect area is controlled by vertical structures that feed the main ore zone. How-

ever, ore continuity decreases outside of this zone.

The 3D U-Statistics models established in Salinbas and Tag revealed the differences
in the formation processes of different types of Au mineralizations in these areas.
With this study, a 3D geochemical anomaly mapping was carried out for the first time

in Tiirkiye by creating a GUI software.

Keywords: U-Stats, Matlab GUI, Geochemical anomaly, Carbonate-replacement, Ep-
ithermal gold
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3 BOYUTLU U-ISTAT ISTIK PROGRAMI: DO GU PONTIDLER (KD
TURKIYE)'DE IK|FARKLI ALTIN YATA GINDA DURUM CALISMASI

Ertung, Glnes
Yuksek Lisans, Jeoloji Muhendigli Bolumu
Tez Yoneticisi: Dr. @r. Uyesi. Alilmer

Eylul 2023 |77 sayfa

Metalik maden olusumlar n n ¢evresinde gelisen jeokimyasal anomaliler cevher olu-
sum surecleri ile dgrudan bglant |1 d r ve maden aramada 6nemli bir rol oynarlar.
Anomali olmayan jeokimyasal veriler, arka plangaei olarak dgerlendiriimekte-

dir. Endustri pragjinden elde edilen ¢ kar mlar g6z 6ntine alghdda, istatistiksel
yontemler yaln zca arka plan konsantrasyonlar mettendirmek igin dgil, ayn za-
manda jeokimyasal anomalilerin jeokimyasal arka plandan ayr Imas icin de kullan |-

mstr.

Bu ¢al smada KD Anadolu'da bulunan Do Pontid Magmatik Kusag 'nda yer alan

ve bolgesel metalojeni a¢ s ndan buylk 6nem tas yan iki farkl Au cevherlesmesinde
jeokimyasal anomali zonlar n n belirlenmesi amaglanm st r. Byrdibuda sondaj ve-
ritabanlar kullan larak U-Statistics yontemi ile 3B jeokimyasal anomali haritaland -

rimas yapImstr.

Artvin'in yaklas k 20 km gtineydgusunda yer alan ve karbonat ornatma tipi bir cev-

herlesmeyi temsil eden Sal nbas Au prospektinde anomali zonlar yanal degaml |
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dustk ve birbirinden ayr k kiimeler seklinde belirlenmistir. Bg dan n 6zellikle sa-
hadaki sg a¢ | litolojik dokanak taraf ndan kontrol edilgiidtistinilmektedir. Ayr ca,
zonlar n ayr kyap s olas | kla cevherin icerisine ggdkarstik bosluklardan kaynak-

lanmaktad r.

Artvin'in Yusufeli ilgesinin yaklas k 4 km glneybat s nda yer alan ortag-sil dasyon
epitermal tipteki Ta¢ sahas nda ise anomali zonunda yatay ve diiseyde devaml | k s6z
konusudur. Sahada disey devamgln oldwu bdlge ana cevher zonunu besleyen dik

ac | yap larla kontrol edilmektedir. Ancak bu zonun d s na ¢ lgldda, devaml | k

etkisini yitirmektedir.

Sal nbas ve Tac¢ sahalar nda ortaya ¢ kan 3B U-Statistics modelleri iki sahadaki farkl
Au cevherlesmesi tiplerinin olusum streglerinden kaynakl farkl I klar n ac¢ kga or-
taya koymustur. Bu cal smayla birlikte Turkiye'de ilk defa 3B bir jeokimyasal ano-
mali haritaland r Imas, bir bilgisayar program kullan ¢ araytzi olusturularak ger-

ceklestirilmigtir.

Anahtar Kelimeler: U-Stats, Matlab GUI, Jeokimyasal anomali, Karbonat-onartma,

Epitermal alt n
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"l do not fear computers. | fear the lack of them."

-lsaac Asimov
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CHAPTER 1

INTRODUCTION

Human impact on the environment is a never-ending issue. Changes to environment,
populations, wildlife, and natural resources made directly or indirectly by humans.
The impacts caused by humans are called anthropogenic impacts. Most of the time
these impacts leave certain footprints in the nature; for example in rocks, top soll,
plants, and water. These footprints are the anomalies and can be revealed by geo-
chemical assessment of the attribute at interest. Etymologically anomaly is a descen-

dant of the Greek worg omaloc(anomalos), which means "uneven" or "irregular."

In this context, regularity in the nature can be de ned as the geochemical background.
According to Gough (1993) geochemical background is a natural value for a given
medium not impacted by anthropogenic activities. On the other hand, exploration
geochemists refer to a non-anomalous element concentration as a background (Plum-
lee, 1997). Considering the practical implications, the background value in explo-
ration geochemistry is usually higher than in environmental geochemistry, because
it may be in uenced by both natural and anthropogenic concentrations. In the Dic-
tionary of Geological Terms (Bates and Jackson, 1984) geochemical background is
given as'"In geochemical prospecting, the range in values representing the normal
concentration of a given element in a material under investigation such as rock, soil,

plants, and water."

There are two major methods used for assessing background concentrations: (1) Geo-
chemical and (2) Statistical. The rst method, also known as the empirical method,
refers to studies of samples not affected by industrial activities or to relatively pristine/s-
terile sites (Crommentuijn et al., 2000; Baize and Sterckeman, 2001; Horckmans

et al., 2005). These empirical studies are having subjective sample selection crite-



ria, high costs, and heavy laboratory workload. The second method, the statistical
method has been used not only for assessing background concentrations, but also for
the separation of geochemical anomalies from geochemical background. Majority of
the statistical approaches are outlier detection and omitting that are considered to be
anthropogenically in uenced. These statistical methods for background assessments

are well documented in (Matschullat et al., 2000).

For the statistical methodology the following assumptions are made for background

and/or anomaly detection:

The quality of the statistical analysis is based on quality of the input. The an-
alyte should be analyzed without any signi cant loss or contamination, quanti-

tatively.

Majority of the geochemical prospecting data has spatial setting. Hence, by
de nition of regionalized variable (Matheron, 1971), geochemical background
can only be derived for a de ned spatial setting. This de nition requires the

proof of relative homogeneity, or domaining.

Since the anthropogenic in uence occurs by de nition only as a contamination
in the sense of a positive anomaly, the search for the geochemical background is
reduced to the recognition of the relevant data sub-collective and its quantitative

description.

Assigning single values for a geochemical background is neither useful for
the characterization of the background nor for the determination of an anthro-
pogenic contamination, because single values do not yield information about
the natural deviation. Consequently, a differentiated interpretation of results
would be impossible. It is possible, however, to de ne upper limits for the
background with a de ned statistical reliability (Matschullat et al., 2000).

1.1 Purpose and Scope

The aim of the thesis is to apply the U-statistics method for three dimensional de-

tection of gold anomalies on two separate gold-mineralized systems in the Eastern
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Pontides in NE Turkiye. This is done through generation of a MATLAB algorithm.
At the end of this study, a software is also developed, with a graphical user interface

supporting both two-dimensional and three-dimensional solutions.

U-statistic (U-Stats) method has been introduced by Cheng et al., 1996 and as an
effective method for differentiating anomalous samples from the background. In the
past decade, it has been applied in 2D (Ghavami-Riabi et al., 2010, Ghannadpour
et al., 2017 and 35hannadpour2016limited to the vertical boreholes and without
GUL.

In Turkiye, especially in the Au exploration literature, geochemical anomaly detec-
tion methods of companies in the form of in-house or third-party consultancy are
generally limited to two dimensions and projections are created for the third dimen-

sion.

With this study, a comprehensive 3D study was carried out for the rsttime in Turkiye,
and it can be emphasized that the project together with the 3D geochemical anomaly

detection approach constitutes its novelty and broad impact.

The contribution and novelty of this study by means of U-Stats approach is that the
search neighborhood can be adjusted for anisotropic cases by the user interface and
the method is supported for directional boreholes with standalone executable software
where users may import their 3D database les. In addition, not only attribute les

but also optional les can be entered into the program.



1.2 Geographic Location and Geology of the Study Areas

In this study, two- and three-dimensional anomaly mapping through U-stats is applied
to two separate mineralizations located in the Eastern Pontide belt in NE Turkiye.
This E-W-extending belt is characterized by widespread Mesozoic-Cenozoic mag-
matic activity that developed in response to subduction of the Northern Neotethys
basin that was located between the Pontide Fragment in the north and the Tauride-

Anatolide Block in the south.

The northward subduction of the Northern Neotethys ocean resulted in development
of a magmatic arc in the Late Cretaceous (Robinson et al., 1995, Okay and Sahinttirk,
1997, Karsli et al., 2010, and Kandemir et al., 2019). This was followed in the mid-
dle Eocene by a subsequent episode of collisional magmatism (Topuz et al., 2005,
Kandemir et al., 2019).

Igneous rocks that formed during these two distinct periods host a large number of
magmatic-hydrothermal deposits including volcanic-hosted massive sul de (VHMS),
porphyry, epithermal, and skarn/carbonate-replacement type deposits (Yigit, 2009,
Kuscu et al., 2019, and Rabayrol et al., 2023). In particular, the sector of the magmatic
belt that remains betwedapir (Erzurum) in the southwest and Artvin in the north-
east contains most of the economic mineral systems, which collectively comprise
the Yusufeli camp and the Hod Gold Corridor. These mineralizations are regarded
as some of the most attractive metallic ore systems in Turkiye and include region-
ally important deposits/prospects such as Hod Maden, Berta, Tag, Corak, Sal nbas,

Ardala, and H zarl yayla.

The Ta¢ gold deposit is one of the few important mineralizations discovered in the
Eastern Pontides. Tag is located about 7 km southwest of the Yusufeli district of
Artvin, and is one of the main gold targets of the Hod Gold Corridor. Ta¢ mineraliza-
tion is located at the most southwestern sector of this corridor, while Corak, Ardala,
Berta, and Sal nbas Au mineralizations are located in the northeast towards Yusufeli
(Figure 3.1).

Tag comprises a vein-type epithermal-style gold system exposed within a NE-SW-

trending valley that has been incised by the waters of the Coruh River (Figure 3.2).
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Figure 1.1: Geologic map of the study area showing the distribution of magmatic hy-
drothermal mineral occurrences, lithologies, and the Hod gold corridor (bold dashed
line). Modi ed from Rabayrol et al., 2023

Mineralized veins are hosted in altered volcanic rocks that are andesitic to dacitic in
composition (Figure 1.2). At Tag, most mineralization occurs in two topographically
prominent domains to the north of the Coruh River, namely the Kars bay r Tepe and
Kz | Tepe (Figure 3.2). Within these two domains a preliminary resource of 0.95
Moz Au was delineated with average grades of 1.24 g/t Au and 0.12% Cu (Barnett
etal., 2011).

Mapping at the site by geologists of Teck Resources and Santral Madencilik indicated
that the volcanic sequence is bounded to the north and south by two sub-parallel
normal faults that also run parallel to the main course of the river (Figure 3.12a).
Within this structural corridor, volcanic stratigraphy is dominated by volcaniclastic
rocks (agglomerate and tuff), and massive lavas locally cut by sub-volcanic intrusions
(Figure 1.2). U-Pb zircon dating of this sequence at Ta¢ and Corak indicated a Late
Cretaceous timing (86 to 82 Ma) for volcanic activity at the district (Rabayrol et al.,
2023).

In 2022, TUBITAK 1001 Project entitleimplicit Modeling of Hydrothermal Min-
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Figure 1.2: Google Earth image of the Ta¢ eld and gold mineralization view in the

eld, (b) General view of the mineralization (photo faces north-northwest)

eral Deposits with Indicator Kriging Based Support Vector Machines: Case Study
of Tag Alt n and Kursunkaya Iron DepositsVas completed out by Ertung et al.,
2018. A site visit was carried out during February 2020 with the aim of sampling
and quick logging of drill cores representing Ta¢ mineralization. A total of 133
core samples were collected from ve drill holes. Logging was carried out and
detailed sampling was carried out especially from the intervals showing different
types of alteration, mineralization, host rock, and textural features for the purpose of
mineralogical-petrographic characterization, including comprehensive X-ray diffrac-
tion and thin section analysis. During the studies, the digital database obtained from
Santral Madencilik and containing data for Au, Cu, Pb, Zn on the basis of meters of

each are utilized.

Drill core observation and petrographic work indicated that all volcanic units at Tag
show some degree of alteration. Three main alteration styles were identi ed including

widespread argillic alteration (Figure 1.2), and more vein proximal silici cation and
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Figure 1.3: Google Earth image of the Ta¢ eld and gold mineralization view in the

eld, (b) General view of the mineralization (photo faces north-northwest)

carbonatization. Propylitic alteration (chlorite-epidote-carbonate-pyrite) envelopes

these alteration styles and is not directly associated with mineralization.

Argillic alteration dominates the Tag corridor and has developed in the entire volcanic
stratigraphy surrounding the mineralized veins. In argillized rocks, primary textures
are generally preserved. However, feldspars and ferromagnesian phases (possibly
amphibole and biotite) have been transformed into clay and white mica. XRD anal-
yses revealed kaolinite and illite as the main clay mineral phases, whereas at depth
sericite (muscovite) appears and dominates over illite. Minor chlorite, smectite, and

rutile were also identi ed in argillized rocks.

All veins at Tag are closely associated with narrow (<20 cm) zones of silici cation

(Figure 1.4). In silici ed rocks, all phenocryst and groundmass phases have been
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altered into silica, mainly to microcystalline quartz. More coarse-grained quartz va-

rieties were also detected adjacent to massive veins and breccia veins.

Figure 1.4: Representative drill core photos of Tac Au mineralization. A: Semi-
massive sul de ore containing high grade Au (approximately 900 g/t) in pyrite-
chalcopyrite mineralization. B: Characteristic siliceous breccia vein containing >5

g/t Au. C: Pyritic stockwork breccia vein. All cores are in HQ diameter.

Carbonatization developed at relatively later stages within vein and breccia zones.
Carbonate-rich, light-colored haloes around mineralized veins are typically narrow

(<5 cm) and comprise coarse, rhombohedral dolomite crystals.

Tac is dominated by a series of narrow quartz-rich stockwork sul de veinlets and also
by breccia veins (Figure 1.5 and Figure 1.4). Stockwork veins range in thickness from
1 mm up to 3 cm. Pyrite and chalcopyrite accompany quartz in these veins, which are

associated with low gold grades of less than 0.5 g/t Au (Figure 1.4 and Figure 1.5).



Figure 1.5: Microphotographs of Cu Au mineralized samples from Tag. All pho-
tographs are re ected plane-polarized lightimages. Abbreviations: cpy=chalcopyrite,

gn= galena, py=pyrite, rut=rutile, sph=sphalerite, and tet=tetrahedrite
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