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A granite vein with a thickness of ~2-3 m exposed in the headwaters of the Enguri River, with elevated
radiation (uSv/h fluctuates in the range of ~1-3 ) has been studied in detail. It is located along the
Main Thrust of the Greater Caucasus, in the Upper Paleozoic biotite-bearing migmatites of the
Shkhara massif. The vein represents hydrothermally altered rock composed of a biotite-quartz-
plagioclase assemblage, whose zircon LA-ICP-2% Pb/?8 age was determined to be late
Variscan (310.2+7). Itis slightly fragmented and fractured, where the existing fractures and nests are
filled with quartz and thorianite-uraninite veins. According to ICP-MS-ES multielement analysis, in
this vein, the Th content varies from~26 ppm~50 ppm, theU -varies between ~55ppm
and ~290 ppm, while the content of all other chemical elements is within the normal concentrations.
Of particular interest in this vein is an elevated concentration of uranium, as it is almost 100-200
times higher than normal. Those are industrial contents for the vein-type deposits. Based on the
conducted research, it has been found that there is full correlation between the studied vein and of
U-bearing granitic veins of different regions of the world, by genesis, composition, localization and
age. Based on these data, we suppose that the Late Variscan hydrothermal plagiogranite veins, which
are localized in the shear zones of the Shkhara massif granite-migmatite complex and entirely the
Main Range Zone of the Greater Caucasus, may be potentially U-bearing. © 2021 Bull. Georg. Natl.
Acad. Sci.

Greater Caucasus, Shkhara massif, plagiogranite vein, U-Th mineralization

As is known, thick felsic melts that are formed in
subduction zones and experience postmagmatic
hydrothermal action in the upper part of these
structures is often enriched with economic
deposites of metals [1-4]. These types of
geodynamic regimes also form hydrothermal

uranium- vein ore deposits, which make up ~ 30%
of the global uranium reserves. Two main types of
these uranium ore deposits are distinguished:
granitic vein-like and breccia complex [5]. Breccia
complex-type uranium ore deposits are mostly
related to Proterozoic rocks (Ukraine, Australia,
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Africa), while vein type are related to the Upper
Paleozoic and Mesozoic granitoids (Spain, France,
Germany, Namibia, south China) [6-8]. Uranium
concentration in the vein-type deposits is typically
within ~200 ppm and, as a rule, their formation is
associated with the late orogenic activities of
magmatism [5, 8].

The dominant part of the Uranium deposits in
granites is associated with the Late Carboniferous
peraluminous veins of the Variscan orogeny. These
veins that are localized in brecciated or fault zones
occur in the center of granitic massifs as well as in
their peripheries. In Europe such types of uranium
deposits are identified in Iberian massif, Spain [9];
in Armoric and Central Massifs, France [10]; in
Schwarzwald massif, Germany [11]; and in
Bohemian massif, the Czech Republic [e.g. 12]. In
Canada, the important uranium vein-type deposits
of late orogenic activity are associated with the
Proterozoic granites (northern Saskatchewan) [13],
while in the Namibia (Damara orogeny) [7] and
southern China (YYanshanian orogeny) [14] — with
the Jurassic granites.

In 2020, during the field investigation, high
concentrations of thorium and uranium were
discovered in one of the plagiogranite veins of the
Skhara massif. This paper considers primary results
of research on this vein, which will enrich general
knowledge on uranium and thorium hydrothermal
mineralization. We believe that the results of this
study will be used in the future in the search for new
uranium ore occurrences in the Greater Caucasus.

A Brief Overview of the Geology of the
Greater Caucasus

The Greater Caucasus fold-and-thrust belt is the
northernmost expression of the Caucasus and is
linked to the southern margin of the Precambrian
Scythian platform. This belt extends in a NW-
SE direction from the Caspian to the Black Sea, a
distance of more than 1100 km. In the structure of
the Greater Caucasus two major formations are
distinguished: pre-Jurassic crystalline basement
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and Meso-Cenozoic magmatic and sedimentary
formations. It has been interpreted that the pre-
Jurassic basement in Paleozoic was an active
continental margin, along which Paleo-Tethys
oceanic crust was subducting to the north [15-20].

The basement complex along the Main Thrust
of the Greater Caucasus (MTGC) is thrust over the
lower Jurassic formations. In the construction of the
basement complex four regional structural-tectonic
zones are recognized from south to north: Southern
Slope, Main Range, Fore Range and Bechasyn [20].

The Main Range zone is the best exposed part
of the basement complex. Because of differences in
structure; and composition it is divided into two
sub-zones: the Pass and the Elbrus. They are in
tectonic contact along the Alibek-Urukh regional
fault, where the northern part of the zone is built
with the Elbrus sub-zone and in the southern part
by - Pass sub-zone [20].

In the crystalline basement of the Greater
Caucasus, the Variscan plutons are localized in both
the Pass and the Elbrus sub-zones of the Main Range
zone. In the pass subsection, the plutons are mainly
represented by the I-type quartz-diorites and
granodiorites, while the Elbrus subsection is
characterized by the S-type two-mica-granites. In
both subsections, these plutons cut through the
Paleozoic gneiss-migmatite infrastructure. It is
noteworthy that in this infrastructure and in the
intersected plutons the ~0.3-4.5m thick
plagiogranite veins are developed. These veins are
not usually overprinted by the regional
microclinization, which is one of the pieces of
evidence that they are late orogenic formations [18].

Shkhara Massif

The Shkhara crystalline massif is located in the
highest part of the Greater Caucasus orogen, in the
Svaneti historical province. The province is located
in the central, highest elevation portion of the
Greater Caucasus and covers more than 7,000 km?
area. Crystalline basement is exposed here,
underlying the Mesozoic sedimentary cover and
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plutons. The Shkhara massif is exposed in the
eastern part of the province, at the headwaters of the
Enguri River and creates a ~15 km long and ~5 km
high ridge (Fig. 1).
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Zircons in granodiorites of the main phase of the
Shkhara pluton and enclosing biotite-gneisses were
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Fig. 1. Exposed parts of the Shkhara massif, viewed from the south. In the foreground: the Svanian tower

and the medieval Georgian Orthodox church.

The massif composed by the Early and the
Middle Paleozoic biotite crystalline schists,
gneisses and migmatites, cut by the thick granitoid
pluton of the Variscan orogeny generation. It is in
active tectonic contact with the Lower Jurassic
clays-shales and it is thrust over these rocks to the
south.

According to available studies, the Shkhara
pluton is interpreted as a formation of mantle-
crustal generation, which formed under the
geodynamic setting of an island arc [19]. The
pluton is mainly composed of granodiorites, with
lesser amount of granites and quartz-diorites.
SiO; content in granodiorites varies between ~67%
and 71%, with Al,Ozcontent of — ~14 to -
16%; Fe,O3 content — of ~3-6 %; MgO content of
—~ 0.5 t0-1%; Na,O content of of — ~2.5 t0-3.5 %j;
and KO content of -3 to -4%.

The Shkhara massif is characterized by
numerous enclaves of biotite-migmatites and
gneisses, the volumes of which sometimes reach
several cubic meters. Because the entire complex
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dated by the LA-ICP-MS method [19]. This study
found a weighted mean 2°°Pb/?%U age of 316.9+8.8
Ma for zircons of the Shkhara pluton, compared to
a weighted mean 2°Pb/?3U age of 488.5+8.5 Ma
from zircons of the biotite gneiss.

Plagiogranite veins of different thicknesses
(~0.5-4 m) cut the Shkhara massif. We detected the
anomalous uranium and thorium concentration in
one of these types of veins. In this paper, we provide
the results of detailed investigation of this vein.

Materials and Methods

During the field investigation, we studied the
background radiation of the Shkhara plagiogranite
vein using the FAG-FH40F2 dose — rate meter. We
took 12 samples for chemical analyses of the vein
and its surrounding rocks, each sample with an
average weight of 3-4 kg. The whole-rock chemical
compositions of these samples were measured using
the different spectrometers in different laboratories:
1) An X-ray fluorescence spectrometer (XRF 2000)
at the Geological Institute, Georgia (samples #20Sv1



The First Data on U-Th Mineralization in the Shkhara Paleozoic... 91

to 20Sv12); 2) ICP-MS analysis for 51 elements
conducted by a laboratory contracted by the U.S.
Geological Survey of (USGS) (samples #20Sv1 to
20Sv5); and 3) ICP-ES analyses for 48 elements
conducted by MS - Analytical laboratory
(MSALABS), Canada (samples #20Sv6é to -
20Sv12).

One sample (20Gel5) weighing ~5 kg was
taken from the Shkhara massif plagiogranite
vein for U-Pb zircon geochronology. A total of 25
zircon grains were separated and dated from
this vein. The U-Pb zircon age determination
analyses was conducted at the Department of Earth
and Environmental Sciences, National Chung-
Cheng University, Taiwan, via laser ablation
inductively coupled plasma mass spectrometry
(LA-ICP-MS) equipped with an Agilent 7500s
quadrupole and a New Wave UP213 laser ablation
system. Calibration was performed using the GJ-1
zircon standard [21] and PleSovice zircon [22] to
assess data quality. All U-Th-Pb isotope ratios were
calculated using GLITTER 4.4.2 (GEMOC)
software, and the isotope ratio of common lead was
corrected using the approach proposed by
T. Andersen [23]. (2002). Isoplot v. 3.0 [24] was
used to calculate weighted mean U-Pb ages and
probability density curves. The detailed analytical
procedure has been described by G. Chiu et al. [25].

The Results of Investigation of the
Shkhara Plagiogranite Vein

In 2020, under a project of the Rustaveli National
Science Foundation (Thorium — Future Energy:
Investigation of Thorium Occurrences and
Geologic Settings in Georgia; # FR-18-8122), we
conducted fieldwork in the headwaters of the
Enguri River. The radioactive vein discovered by
this study is located in the southern contact area of
the Shkhara pluton [Lat (°N) 42.5845; Long (°E)
43.3027] in a biotite gneiss-migmatite complex, in
the area of the Main Thrust of the Greater
Caucasus. The vein has, a thickness of ~2 to — 3
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meters, dipping ~ 55 to 60° to the south, and
extending in NW-SE direction.

Radiation dose. The radiation dose of plagiogranite
vein of the Shkhara pluton was measured on the
outcrop using a FAG-FH40F2  dosimeter. It
measures the gamma radiation in microSievert (1Sv),
which is a derived unit of ionizing radiation dose in
the International System of Units (SI). This
parameter is rated as a microSievert/hour (uSv/h);
according to this parameter the normal safe radiation
dose for human health is 0.17 [26].

The radiation dose varies from 1.5up to 2.0
uSv/h on the surface of the Skkhara plagiogranite
vein. In some places along the vein this parameter
increases to 2.7 to 3.0 uSv/h, but in some areas the
radiation decreases from to 1.2 to 1 puSv/h. These
values are almost 15 times higher than natural
radiation. For this reason, we took eight samples
from the vein for more detailed analyses.
Moreover, we took four samples from
the country rock adjacent to the vein, because here
the background radiation is two times higher than
the normal value (uSv/h >0.30).

Petrography and petrochemistry. The Shkhara
plagiogranite vein with elevated radiation has a
milky color, massive structure, and is composed of
medium and fine-grained crystals. It is localized in
biotite-migmatites and gneisses and, unlike other
rocks of the Shkhara massif, did not undergo
regional microclinization. The vein is mainly
composed of quartz and plagioclase, with
microcline, biotite, muscovite, chlorite and epidote
present in minor amounts. Accessory minerals are
allanite, zircon, and sphene. This assembly of the
minerals is slightly fractured and these cracks are
filled with younger quartz veins. The youngest
component of the rock are the ore minerals, which
in some precincts impregnations occur in quartz-
plagioclase masses (Fig. 2). Based on the results of
microscopic and geochemical studies of this vein,
we consider that this ore mineral is uraninite.
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Plagioclase

Fig. 2. Typical mineralogy of the thorianite-uraninite veins in plagiogranite of the Shkhara massif in plane polarized

light (sample 21Sv8).

According to a petrochemical study the Shkhara
plagiogranite vein is a felsic formation, in which
SiO; content varies from 74.9% to 84.5%. The
other chemical elements are represented with lesser
amounts and create the following variations: Al,Os
- 10.2-11.3%, Fe;03 — 1.8-2.6%, MgO — 0.8-2.0%,
Na,O — 3.1-3.5%, while K;O — 1.4-1.7%. Accor-
ding to the chemical composition, this vein
corresponds to the quartzitized plagiogranite.

Geochemistry and Isotopic Geochronology
According to the geochemical study, in the samples
from the Shkhara plagiogranite vein, the whole
range of elements (48 elements) shows the normal
concentrations, whereas thorium and uranium
content is anomalously high (Table).

In four samples of country rocks, Th and U
content varies from 1.7 ppm to 19.7 ppm and from
0.5 ppm to 1.5 ppm, respectively. These values are
not unusual for unaltered gneiss. The
concentrations of these radioactive elements
drastically increase in the plagiogranite vein, which
is displayed in Fig. 3.

In eight samples taken from this plagiogranite
vein, Th concentrations vary in the range of 26.5 to
50.1 ppm, whereas the U content ranges from 54.7
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ppm to 290.9 ppm. As we can see from Fig. 3, in
these samples, the Th content in the vein is 7 to 10
times higher than average crustal concentration,
and the U content is 100 to 290 times higher. From
these data, the U mineralization deserves special
interest, since for granite veins of this type and age,
as mentioned above, deposits with such U
concentrations are mined elsewhere.

One sample of ~5 kg (20Geo015) was taken
from the uranium-bearing plagiogranite vein
from the Shkhara massif for the dating of zircons
using the U-Pb method. It is medium grained,
massive quartz-plagiogranite rock with the follo-
wing mineral composition: quartz +plagioclase+
+microcline+biotite+muscovitetchloritetallanite+
zircon.

We separated and dated 25 zircon grains
from this sample. The grains make small
(~120umX~60 um) crystals, where two zones can
be observed: a small number of inherited older
zircon core and rim. Inherited zircon cores ages
varies between ~ 407-433 Ma, while rim ages are
in ~301-311 Ma range. Zircons weighted mean
206pp/238Y age of Shkhara massif plagiogranite vein
corresponds to 310.2+7 Ma (MSWD=25, pro-
bability = 0.003).
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Table. U, Th, and selected trace elements (in ppm) as determined by ICP-ES chemical analyses of the Shkhara
massif plagiogranite vein and adjacent country migmatites

Sample Rb Ta Hf Th Nb Tl U \ W Y Zn Pb
20Sv1 61 0.38 0.2 35 4.4 1.20 0.5 262 03 169 39 55
20Sv2 110 0.72 0.4 19.7 8.5 0.69 15 12 26 192 22 26.2
20Sv3 201 1.3 4 265 131 12 121 26 <1 182 21 353
20Sv4 114 15 10 405 16.3 0.7 273 37 <1 121 30 424
20Sv5 78.1 0.9 3 37.1 7.6 <0.5 183 9 <1 97 9 30.5
20Sv6 492 2.8 7 40.6 429 32 547 120 2 71 101 315
20Sv7 185 1.28 0.3 294 175 1.07 1056 32 04 150 27 35.7
20Sv8 114.2 1.59 0.4 50.1 8.0 0.67 2909 37 04 103 36 47.78.
20Sv9 79.8 0.95 0.1 317 441 041 1743 13 03 79 14 415
20Sv10 334.7 3.04 0.1 475 35 277 624 124 21 50 112 534
20Sv11 43,2 0.27 0.6 31 35 0.32 0.7 42 07 59 146 1258
20Sv12 27.2 0.17 0.3 1.7 1.8 0.08 1.3 17 03 375 35 89.5

Samples: 20Sv1, 20Sv2, 20Sv1l and 20Sv12 from country migmatites; Samples: from 20Sv3 to 20Sv10 from

plagiogranite vein.
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Fig. 3. The variation diagram of U and Th concentrations (ppm) in the plagiogranite vein of the Shkhara massif (from
20Sv3 — to Sv10) and country migmatites (20Sv1, 20Sv2, 20Sv11, 20Sv12).

Discussion
Due to the difficult terrain of the Shkhara massif, we
had problems in determining its exact contours and
scale of the study plagiogranite vein. For the same
reason, it is also impossible to prospect properly for
similar veins in the central segment of this massif.
Because of this, we consider that future research of
U should be carried out on the western periphery of
the massif, namely in the headwaters of the River
Khalde, where the terrain is relatively soft.

Based on the analysis of the obtained results,
we recommend the field investigation of uranium
should be carried out entirely in the late orogenic
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plagiogranite veins of the granite-migmatite
complex in the Main Range Zone of the Greater
Caucasus.

Based on the microscopic and geochemical
studies, we consider that U and Th occur in
minerals of the thorianite-uraninite series (ThO; -
UQO,). Within the crystalline structure of uraninite,
U is easily replaced with Th, and in most cases, it
is represented as a solid solution of uraninite and
thorianite [27].

Regarding the age of radioactive minerali-
zation, the microscopic research shows that the
U-Th deposition is the youngest process that
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follows the rock formation. However, at this stage
of research, it is impossible to determine whether it
is late Variscan or younger.

As the title of this publication shows, this paper
is the first study on U and Th mineralization in the
Shkhara massif and, generally, in the crystalline
basement of the Caucasus. Thus, there is still a lot
of work to be done and many issues to be clarified,
such as the age of U-Th mineralization,
identification of their source, and the scale of their
distribution. We hope that in the near future it will
be possible to answer these questions.

Conclusions

1. In the headwaters of the River Enguri, on the
southern slopes of the Shkhara massif, one of
the outcropping veins of plagiogranite, ~ 2-3 m
thickness, is characterized by elevated
radiation, which ranges from ~1 to 3 uSv/h.

2. This vein is localized in the Upper-Middle
Paleozoic biotite migmatites, in the contact area
of the late Variscan Shkhara granitic pluton in
the Greater Caucasus Main Trust zone.

3. Petrographicaly, this vein is hydrothermally
altered, biotite plagiogranite, in which the SiO2
content varies from ~75 to 85%. The U-bearing
mineral is Th-rich uraninite, which is the main
ore mineral for vein type uranium deposits.

4. According to the ICP-MS analysis of vein
samples, the Th concentration in this vein
ranges from ~26 ppm to ~50 ppm, whereas U
concentrations vary from ~55 ppm to 290 ppm.
It should be noted that, these concentrations of
U have been mined from vein-type deposits in
other countries.

5. Using LA-ICP-MS analysis, 206Pb/238U age
of zircons from the vein indicate an age of
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310.247.5 Ma that corresponds with the
Variscan late orogenic activity.

6. According to the genesis, composition, age,
localization, and type of U mineralization, the
studied vein is in full correlation with the same
type of U-bearing granitic veins in different
regions of the world. Based on these data, we
suppose that the Late Variscan hydrothermal
plagiogranite veins, which are localized in the
shear zones of the Shkhara massif granite-
migmatite complex, indicate the potential for U-
bearing veins in this massif.

7. In the Late Variscan plagiogranite veins of the
granite-migmatite complex of the Greater
Caucasus, which are localized in the shear
zones and in the surrounding sediments, should
be a focus of detailed investigation for U-Th-
vein mineralization. According to all forecasts,
the demand for these elements will sharply
increase in the future [28, 29].

This research was supported by Shota Rustaveli
National Science  Foundation of Georgia
(SRNSFG) [grant #FR-18-8122). We are grateful
to project coordinator, Dr. Bradley S. Van Gosen
(U.S. Geological Survey, Denver Federal Center,
Denver, U.S.A.), who assisted us to doing chemical
analysis of samples. We would like to thank
professor Yuan-His Lee (National Chung-Cheng
University, Chiayi, Taiwan), who assisted us in the
LA-ICP-MS U-Pb dating of zircons from the
studied plagiogranite vein. Special thanks to our
friend Dr. Rudolf Geipel, who provided us with a
radio dosimeter with the help of which we
discovered the discussed U-Th mineralization.



The First Data on U-Th Mineralization in the Shkhara Paleozoic... 95

39305

U s Th 80696m5¢n0Bs30o0ol 3060390 3mbsigdgdo dbstols
35¢ngmBMmN® 3MoLEEME dslogdo, 3og35b0mbo

5. @JOm35600g", 3. 54080d9™, . dEWsIz0eos, U. arMmesdg”,
®. 330G0gEs3300*

0005l bsbyerdpoge 96039600 A0, @gosdopol dgdbfszerger dgsboggbsoms obldodwIBH0, 08oerobo,
bsgs®orz9erm

*03569 2¢535b0d30em0l bsb. 0docrobol bsbgerdfogem «160396boB9G0, bs8:96980b899439¢702 R35329¢AIA0s
080¢molo, bsgsto39¢r

$bss®m39e0mb 959760329650 296039(BLoAIA0, b580r-392¢»802960 35329 AI G0, 0280¢»0bo, bsds®oz9¢m

(Hom0mpgb00s 53509300L §93¢M0L ©. Fgbageosl doge)

©IGHNM3s Bgufageroero 9. gbaMol Lsmsgggddo asdodgumgdyyemo ~2-3 8 Loddgmsgmols
3M3bo@Mmo dsM®30, GMIgELsg 5050 MGaoszos  sskbos (uSv/h dghyggmdls ~1-3 ob@Ege-
35¢0d0). 030 M35e0BYOYMOs 39335B0mbols mszs@Mo BgEmEgdol slifizMog, dbs@ol 3GolE)s-
@O0 IsLog0L BY35EgMbMMM dBoMGHOGH05E 30885303HJdd0. dsM30 FaMBmoagbl 3oMmm-
09I 93300 30mEH0EH056 335ME-3Eo3003@sD0sb Jobl, HMdwwol 3oM3mbgdol 0bm-
Am3m©o LA-ICP-MS 206 Pb/238U sbsgo  330563560b3960000 ©5005H00s (310.2+7.5 dgwb. §.).
020 MG ©sABLIOIMMO ©s ©IBI3MI0s6IVPMEOo, boagwm Bs3Msegdo ©s dMEMdIDO
30mgLgdwIE0d 335MEOLS S MJMIBOEOEOL dsMM3539d0MS S dYEMBYIBOM. IvEH0gEgIgbE Mo
ICP-MS -ES godom®o sbsemobols dobgpgom dbstol 3emsgoma®sbodme dsdmgdo oxmMomdols
3M6396&Ms305 AxMygmdls ~26 a/#-sb ~50 /F)-0¢9, vMsbols - ~55 g/E)-sb ~290 a/&-0gg 0bE -
35¢0do, beagrem g39es aba@bgbo Jodom@o  gurgdgb@ol 990339emds beaMdol gstaergddos. 0
d5M380 256L53MMMIdME 06EIMILL 0f3g3L »YMsboL Sowergdmwo 3mbEgbEMsEs, 30bsowsb
090 b6m®INWmsb gsMgdom momgdol 100-200-xgMss 35BMEOEO, Moz dsMM3MEo GHodol
L5d5MJOOLEMZOL LMY ggem 8g0339e0MdYB0s. Bo@IMYDdMEO 33e930L F9I0 ©sy0b©s,
63 IgLfogemomo dsGmzo 396gboliol, 3gagboemdols, sliszols s EmIsemobsgool dobgwpgzoom
L 3Mges3E0sdos dbmgeoml Bbgsalibgs Mgyombols Mm@msbol dsdmawmo Godol Lsdsom-
90036. 58 3399 Md0EH 353m3Eobsmg 39dz90m, M@I dbs®ol sbogols s 3oE0sbs® 39339~
Lombols 393560 Jgol Bmbols 3305635GM3mmo 30EOH@mYMHYEo 3ensgaoma®mbodmmo dsmo-
3900, HMIWPOE WeMISobYPRMmo 5006 Mgaombmmo Mrgggol Bmbgddo, 3m@GHgbiom®ao
dglisdangdgaros wMmsbols 899339wo ogmb.

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 4, 2021



96 Avtandil Okrostsvaridze, Karlo Akimidze, David Bluashvili

REFERENCES

1. Groves D. I, Bierlein F. P. (2007) Geodynamic settings of mineral deposit systems. Journal of Geological
Society, 164:19-30. London.

2. Ridley J. (2013) Ore deposit Geology, 398 p. Cambridge University press.

3. Richards J. P. (2015) Tectonic, magmatic, and metallogenic evolution of the Tethyan orogen: from subduction to
collision. Ore Geology Reviews, 70: 323-45.

4. Zheng Y., MaoJ., ChenY.etal.(2019) Hydrothermal ore deposits in collisional orogens. Science Bulletin, 64:
502-515.

5. Rene M. (2012) Uranium hydrothermal deposits. In book: uranium: characteristics, occurrence and human
exposure, 342 p. Nova Science Publishers,.

6. Bonnetti Ch., Meradier J., Liu X. et al. (2017) The genesis of granite-related hydrothermal uranium deposits in
the Xiazhuang and Zhuguang ore fields, North Guangdong Province, SE China: insights from mineralogical,
trace elements and U-Pb isotopes signatures of the U mineralization. Ore Geology Reviews, 92: 588-612. DOI:
10.1016/j.oregeorev.2017.12.010

7. Basson I.J., Greenway G. (2004) The Rdéssing uranium deposit: a product of late-kinematic localization of
uraniferous granites in the Central Zone of the Damara Orogen, Namibia. Journal of African Earth Sciences, 38,
5:413-435 https://doi.org/10.1016/j.jafrearsci.2004.04.004

8. Ballourd C., Poujol M., Boulvais P. et al. (2017) Magmatic and hydrothermal behavior of uranium in
syntectonic leucogranites: the uranium mineralization associated with the Hercynian Guerande granite
(Armorican Massif, France). Ore Geology Reviews, 80: 309-331.

9. Moro F.J., Romer L.R., Rhede D. et al. (2009) Early uranium mobilization in late Variscan strike-slip shear
zones affecting leucogranites of central western Spain. Journal of Iberian Geology, 5: 247-257.

DOI: 10.1007/s41513-018-0091-1

10. Cuney M. (2014) Felsic magmatism and uranium deposits. Bull. Soc. Géol. France, 185: 75- 92.

11. Hofmann B., Eikenberg J. (1991) The Krunkelbach uranium deposit, Schwarzwald, Germany; correlation of
radiometric ages (U-Pb, U-Xe-Kr, K-Ar, 230 Th- 234 U). Economic Geology, 86: 1031-1049.
doi:10.2113/gsecongeo.86.5.1031

12. Dolni¢ek Z., René M., Hermannova S. et al. (2013) Origin of the Okrouhla Radouti episyenite-hosted uranium
deposit, Bohemian Massif, Czech Republic: fluid inclusion and stable isotope constraints. Mineralium Deposita,
49: 409-425. doi:10.1007/s00126-013-0500-5

13. International Atomic Energy Agency (IAEA) (2004) World Distribution of Uranium Deposits, 260 p.

14. Zhang C., Csi Y., LiuJ. (2017) Mechanism of mineralization in the Changjiang uranium ore field, south China:
evidence from fluid inclusions, hydrothermal alteration, and H-O isotopes. Ore Geology Reviews, 117: 225-253.

15. Zaridze G., Shengelia D. (1978) Hercynian magmatism and metamorphism of the Great Caucasus in the light of
plate tectonics. Bulletin de la Societe Geologique de France, XX, 3: 355-359.

16. Gamkrelidze 1. (1986) Geodynamic evolution of the Caucasus and adjacent areas in Alpine time.
Tectonophysics, 127: 261-277.

17. Gamkrelidze I.P., Shengelia D.M. (2005) The Precambrian-Palaeozoic regional metamorphism, magmatism and
geodynamics of the Caucasus, 458p. M.

18. Okrostsvaridze A. (2007) Hercynian granitoid magmatizm of the Greater Caucasus 223p. Thilisi.

19. Okrostsvaridze A., Tormey D. (2011) Evolution of the Variscan orogenic plutonic magmatizm: The Greater
Caucasus. Journal of Nepal Geological Society, 43: 45-52.

20. Gamkrelidze 1., Shengelia D., Chichinadaze G. et al. (2020) U-Pb LA-ICP-MS dating of zoned zircons from
the Greater Caucasus pre-Alpine crystalline basement: evidence for Cadomian and Variscan evolution.
Geologica Carpatica, 71:249-263. https://doi.org/10.31577/GeolCarp.71.3.4.

21. Jackson S., Pearson N., Griffin W. et al. (2004) The application of laser ablation- inductively coupled plasma-
mass spectrometry to in situ U-Pb zircon geochronology, Chemical Geology, 211: 47-69.

22. SlamaJ.J., Kosler D.J., Condon J.L. et al. (2008) PleSovice zircon - A new natural reference material for U-Pb
and Hf isotopic microanalysis. Chemical Geology, 249: 1-35. doi: 10.1016/j.chemge0.2007.11.005

23. Andersen T. (2002) Correction of common lead in U-Pb analyses that do not report 204Pb. Chemical Geology,
192: 59-79. https://doi.org/ 10.1016/S0009-2541(02)00195-X

24. Ludwig K. R. (2003) User's manual for Isoplot 3.00: a geochronological toolkit for Microsoft Excel. Berkeley
Geochronology Center, Special Publication, 4: 74.

25. Chi G., Ashton K., Deng T. et al. (2021) Comparison of granite-related uranium deposits in the Beaverlodge
district (Canada) and South China —a common control of mineralization by coupled shallow and deep-seated
geologic processes in an extensional setting. Ore Geology Reviews, 92: 588-612.
https://doi.org/10.1016/j.oregeorev.2020.103319.

26. The Recommendations of the International Commission on Radiological Protection (2007) ICRP Publication
103: 171 p.

27. Anthony JW., Bideaux R. A., Bladh K. W. et al. (2012) "Uraninite". Handbook of Mineralogy, 14: 67- 85.

Mineralogical Society of America.

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 4, 2021


https://www.sciencedirect.com/science/article/pii/S2095927319300234#!
https://www.sciencedirect.com/science/article/pii/S2095927319300234#!
https://www.sciencedirect.com/science/article/pii/S2095927319300234#!
https://www.sciencedirect.com/science/journal/20959273
https://www.researchgate.net/publication/321669666_The_genesis_of_granite-related_hydrothermal_uranium_deposits_in_the_Xiazhuang_and_Zhuguang_ore_fields_North_Guangdong_Province_SE_China_Insights_from_mineralogical_trace_elements_and_U-Pb_isotopes_sig?enrichId=rgreq-ef2cf654a68e934871a6b1995aa4318e-XXX&enrichSource=Y292ZXJQYWdlOzMyMTY2OTY2NjtBUzo5NjYxMjAxMDIxNzQ3MjBAMTYwNzM1MjM5MDAwNQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/publication/321669666_The_genesis_of_granite-related_hydrothermal_uranium_deposits_in_the_Xiazhuang_and_Zhuguang_ore_fields_North_Guangdong_Province_SE_China_Insights_from_mineralogical_trace_elements_and_U-Pb_isotopes_sig?enrichId=rgreq-ef2cf654a68e934871a6b1995aa4318e-XXX&enrichSource=Y292ZXJQYWdlOzMyMTY2OTY2NjtBUzo5NjYxMjAxMDIxNzQ3MjBAMTYwNzM1MjM5MDAwNQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/publication/321669666_The_genesis_of_granite-related_hydrothermal_uranium_deposits_in_the_Xiazhuang_and_Zhuguang_ore_fields_North_Guangdong_Province_SE_China_Insights_from_mineralogical_trace_elements_and_U-Pb_isotopes_sig?enrichId=rgreq-ef2cf654a68e934871a6b1995aa4318e-XXX&enrichSource=Y292ZXJQYWdlOzMyMTY2OTY2NjtBUzo5NjYxMjAxMDIxNzQ3MjBAMTYwNzM1MjM5MDAwNQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/publication/321669666_The_genesis_of_granite-related_hydrothermal_uranium_deposits_in_the_Xiazhuang_and_Zhuguang_ore_fields_North_Guangdong_Province_SE_China_Insights_from_mineralogical_trace_elements_and_U-Pb_isotopes_sig?enrichId=rgreq-ef2cf654a68e934871a6b1995aa4318e-XXX&enrichSource=Y292ZXJQYWdlOzMyMTY2OTY2NjtBUzo5NjYxMjAxMDIxNzQ3MjBAMTYwNzM1MjM5MDAwNQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.sciencedirect.com/science/article/abs/pii/S0899536204000545?via%3Dihub#!
https://www.sciencedirect.com/science/journal/1464343X
https://doi.org/10.1016/j.jafrearsci.2004.04.004
http://dx.doi.org/10.1007/s41513-018-0091-1
http://refhub.elsevier.com/S0169-1368(19)30804-2/h0435
http://refhub.elsevier.com/S0169-1368(19)30804-2/h0435
http://refhub.elsevier.com/S0169-1368(19)30804-2/h0435
http://refhub.elsevier.com/S0169-1368(19)30804-2/h0435
http://refhub.elsevier.com/S0169-1368(19)30804-2/h0435
https://doi.org/10.31577/GeolCarp.71.3.4
https://doi.org/10.1016/S0009-2541(02)00195-X
https://doi.org/10.1016/S0009-2541(02)00195-X
https://doi.org/10.1016/j.oregeorev.2020.103319

The First Data on U-Th Mineralization in the Shkhara Paleozoic... 97

28. Van Gosen B. S., Gillerman V.S., Armbrustmacher T.J. (2009) Thorium deposits of the United States - Energy
resources for the future? U.S. Geological Survey Circular 1336, 21 p. [Only available at URL
http://pubs.usgs.gov/circ/1336]

29. Tulsides H., Van Gosen B.S., Griffiths Ch. et al. (2015) Guidelines for application of the United Nations
Framework Classification for Resources (UNFC) to Uranium and Thorium Resources (2015). Report of United
Nations Economic Commission for Europe, 37 p. DOI: 10.13140/RG.2.1.1805.0328

Received August, 2021

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 4, 2021


http://dx.doi.org/10.13140/RG.2.1.1805.0328

