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Abstract

The Mongolian Ulaan Uul Tungsten Deposit is located in the southern segment of the Altai Cu-Pb-
Zn-W-MoNi-Au-Ag-Sb-Co-Fe Metallogenic Belt. The metallogenic belt is situated in the border area
of China, Russia, Mongolia, and Kazakhstan, where over 40 large-sized deposits have been
discovered. Among these, only one large-sized deposit is found on the Mongolian side, while the
others are medium or small in size. Therefore, strengthening the study of typical deposits and
summarizing the metallogenic rules of this region is the best way to achieve a breakthrough in
mineral exploration of Altai region in Mongolia. This study focuses on the Ulaan Uul W deposit, a
newly identified deposit of Tungsten mineralization within the southern segment of the belt. We
examine the deposit’s zircon U-Pb geochronology and Sm-Nd isotopic data. The LA-ICP-MS zircon
U-Pb dating of the ore-bearing alkali feldspar granite indicates crystallization ages of 212.5+2.2 Ma,
which closely align with the wolframite Sm-Nd isochron age of 211.2+1.5 Ma for the Ulaan Uul W
deposit, suggesting an Late Triassic magmatic event marked by W-dominated mineralization
coinciding with the extensional tectonic setting following the subduction-collision of the Tarim
Craton and the Altai Orogenic Belt. Regional data indicate that the Altai metallogenic belt
experienced concentrated W mineralization between 242 and 211 Ma. The formation of W- dominated
deposits, such as Ulaan Uul in the southern segment of the belt, is at least 30Ma later, which
underscores the presence of a significant W metallogenic event during this critical post-collision to
extensional mineralization period.

Keywords: granite; Zircon LA-ICP-MS U-Pb dating; Wolframite Sm-Nd isotopic dating; Ulaan Uul
W deposit; Mongolia

1. Introduction

The Central Asian Orogenic Belt (CAOB) spans a vast region between the Siberian Craton, the
North China and the Tarim Cratons, representing the longest-lived and most tectonically and
magmatically complex giant orogenic-mineralized belt in the Asian continent [1-12]. From west to
east, this area belongs to the Paleotethyan Mineralization Domain and the Circum-Pacific
Mineralization Domain (overlying the Paleotethyan domain). The China-Russia-Kazakhstan-
Mongolian Altai Cu-Pb-Zn-W-5n-Mo-Ni-Au-Ag-5b-Co-Fe Mineralization Belt, located in the central
part of the CAOB, boasts excellent mineralization geological conditions and abundant mineral
resources. It hosts over forty large-sized deposits have been discovered deposits such as China's
Ashele Cu-Zn Deposit, Koktala Pb-Zn Deposit, Mengku Iron Deposit, Keketai Rare Metal Deposit,
and Dolanasay Gold Deposit; Russia's Kalguta Mo-W Deposit, Karakul Cu-Co-W Deposit,
Kholzunskoye Iron Deposit, Murzinskoe Gold Deposit, Alakhinskoe Lithium-Tantalum Deposit,
Ozernoe Ag-Sb Deposit, and Kurai Mercury Deposit; Kazakhstan's Nikolaevskoye Large-sized Cu-
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Zn Deposit; and Mongolia's Asgat Large-sized Ag-Sb Deposit, Kyzyltau W-5n Deposit, and Ulaan
uul W Deposit [2,7,8,12-17]. This region is one of the current key areas for geological research and
exploration both domestically and internationally. Compared to the numerous large-sized deposits
found in the China, Russia, and Kazakhstan Altai Mineralization Belts, although the Mongolian Altai
Mineralization Belt has similar mineralization geological conditions, the discovered deposits are
relatively smaller in scale. Apart from the Asgat large-site Ag-Sb Deposit, all others are medium or
small in size. Therefore, strengthening the study of typical deposits in this area, summarizing
mineralization laws, and conducting mineralization prediction are the best ways to achieve
breakthroughs in mineral exploration. The Ulaan uul W Deposit is located in Bayan-Ulgii Province,
Mongolia, and is a newly discovered medium-sized W deposit in recent years. Its central geographic
coordinates are 49°10'N latitude and 90°15’E longitude. The deposit was discovered in 1974, and the
former Soviet Union conducted exploration work in the area (1974-1977), identifying a small W
deposit. Later, Mongolian Zhengyuan Company (2010) carried out exploration and confirmed it as a
medium-sized W deposit (WOs resource reserves of about 40,000 tons) [18]. The exposed formations
in the mining area are mainly Carboniferous volcanic rocks, pyroclastic rocks, and Quaternary
deposits. Northeast-trending fault structures, which are ore-controlling structures, are well
developed in the area. The intrusive rocks here are mainly the Ulaan uul alkali feldspar granite of the
Middle-Late Triassic to Early Jurassic, which is closely related to W mineralization. Mineralization
geochronology is one of the most critical aspects of deposit studies. Accurately determining the
temporal sequence of magmatic activities and mineralization is the basis for exploring the genetic
relationship between hydrothermal deposits and magmatic activities. Due to its late discovery, apart
from the exploration report, no research articles on the Ulaan uul W Deposit have been published,
and there is a lack of chronological constraints on the ages of magmatism and mineralization, which
limits the understanding of its mineralization process. This paper uses LA-ICP-MS zircon U-Pb
dating and wolframite Sm-Nd dating methods to establish chronological constraints on magmatic
and mineralization events. By exploring the causes and significance of mineralization dynamics and
clarifying the mineralization time frame, this study provides valuable references for mineral
exploration work in the Altai Mineralization Belt.

2. Deposit Geology

The Ulaan Uul W deposit is located within the homonymous Ulaan Uul alkali feldspar granite
pluton. The mineralization zone extends in a northeast-southwest direction, with a length exceeding
1,200 meters and a width of approximately 400 meters. The ore bodies occur as veins, primarily
hosted in granite. Both horizontally and vertically, these ore bodies appear as large veins with
relatively steep dip angles, classifying them as steeply dipping ore bodies (Figures 1 and 2). The
deposit comprises 13 ore bodies, of which No. 14, No. 16, and No. 22 are the main ore bodies, while
the others are subsidiary ore bodies [18]. Ore Body No. 14 is located between exploration lines 5 and
4. It extends for 600 meters, with a strike of N30°E, dipping to the southeast at an inclination of 70°.
The thickness of the ore body ranges from 0.28 to 1.48 meters, with an average thickness of 0.87 meters.
The average WOs grade is 1.051%, and the highest grade reaches 8.030%. Ore Body No. 16 is situated
between lines 15 and 4, presenting as a vein-type body. It extends for more than 1,200 meters, with a
strike of 25-30°, dipping to the southeast at an inclination of 70°. The thickness varies from 0.29 to
2.26 meters, averaging 0.90 meters. The average WO; grade is 0.663%, with a maximum grade of
15.80 %. Ore Body No. 22 is located between lines 13 and 2, extending for over 1,000 meters. It strikes
N30°E and dips to the southeast at 70°. The thickness ranges from 0.36 to 2.76 meters, with an average
of 1.35 meters. The average WOs grade is 1.391%, and the highest grade is 6.13 %.

The ore type is wolframite-quartz vein (Figures 1 and 2). The metallic minerals in the ore are
primarily wolframite, followed by pyrite, chalcopyrite, scheelite, molybdenite, and others. The non-
metallic minerals are mainly quartz and muscovite. Wolframite occurs as tabular crystals or
aggregates hosted within quartz veins. The wolframite crystals are reddish-brown to black in color
and closely intergrown with quartz (Figure 3a). The crystal size generally ranges from 0.5 to 1.5 cm.
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Pyrite mostly occurs as masses (Figure 3b), fine veins, and irregular forms. Chalcopyrite appears as
anhedral grains (Figure 3b), with aggregates forming fine veins. Quartz occurs as milky white veins.
Muscovite mainly appears as flakes associated with quartz, and partially occurs as fine veins. The ore
exhibits euhedral to subhedral medium-to-fine-grained textures, with massive dense structures,
followed by stockwork structures. The main useful element in the ore is tungsten, with an average
grade of 0.971% and a maximum grade of 15.80%. Associated beneficial elements include gallium,
rubidium, molybdenum, copper, and others.

The ore bodies are wolframite-quartz veins, with clear boundaries from the surrounding rock.
The hanging wall and footwall of the ore bodies consist of alkali feldspar granite and greisenized
granite. The wall rocks adjacent to the ore bodies commonly exhibit greisenization, pyritization,
scheelitization, silicification, and potassic alteration. Late-stage alterations associated with
mineralization include carbonatization, chloritization, and kaolinization.
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Figure 1. Distrinution map of metallogenic belts in Mongolia (a) (modified after [12])and simplified geological
map of the Ulaan Uul W deposit (b)(modified after [18]).
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Figure 2. Geological profile along No.7 line of the Ulaan Uul W deposit(modified after [18]).

Figure 3. Tungsten ore and ore-bearing alkali feldspar granite;(a,b) wolframite-quartz vein tungsten ore; (c,d)
alkali feldspar granite (sample M16-
29):representative outcrop (c) and microscope photograph (d) . Qz= quartt; Wf= wolframite;Py=pyrites; Cp=
chalcopyrite;Kf= alkali feldspar; Pl=plagioclase .

3. Samples

The alkali feldspar granite (M16-29) used for dating in this study was collected from the north-
western part of the No. 16 main ore vein (Figure 1). Serving as the main host rock in the mining area,
the granite exerts a controlling influence on tungsten mineralization.It exhibits a flesh-red color,
medium-fine grained texture, and massive structure (Figure 3c). Its primary mineral composition
consists of quartz, K-feldspar, plagioclase, and a small amount of muscovite. Among these, the
plagioclase shows strong sericitization and accounts for about 15% of the rock. It exhibits a light flesh-
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red color, medium-fine grained texture and massive structure, composed of quartz (30-35 %), K-
feldspar (50-55%),plagioclase (10-15%), and muscovite (3-5%).The size of quartz particles ranges
from 0.5 to 1.0 mm. K-feldspar occurs as tabular crystals with dimensions of (0.5-1.0) mm x (1.0-2.0)
mm. Plagioclase also forms tabular crystals, with sizes ranging from (0.3-0.8) mm x (1.5-2) mm
(Figure 3d).

The five wolframite samples (No. M16-30-1, M16-30-2, M16-30-3, M16-30-4, and M16-30-5)used
for Sm-Nd isotope dating were collected from fresh primary ores of No. 16 W-bearing quartz vein in
this deposit (Figure 1). To exclude the influence of late hydrothermal processes on the Sm-Nd isotope
system, fresh ore samples were collected at intervals of 10 m along the same wolframite -quartz vein.
All samples originated from different locations within the central section of ore body No. 16 in the
Ulaan Uul W deposit, which represents both the thickest part of the ore body and a zone characterized
by relatively high and consistent W grades. The dominant ore type in this area is wolframite-quartz
veins. Wolframite occurs as tabular crystals hosted within quartz veins. It appears black and is closely
intergrown with quartz. The wolframite monominerals separated from these five samples are pure,
uncontaminated, and have a purity(volume fraction) exceeding 99%.

4. Analytical Methods

The U-Pb isotopic dating of zircon by LA-ICP-MS was undertaken in the laboratory of isotopic
geochronology of the Tianjin Center, China Geological Survey. First, Zircons were separated from
the alkali feldspar granite (M16-29) using conventional crushing and sieving followed by standard
heavy liquid and magnetic separation before pure separates were obtained by handpicking under a
binocular microscope at the Hebei Institute of Regional Geological and Mineral Resource Survey
(Langfang). The separated zircons were then mounted in epoxy and polished to expose grain center
for optical microscopy and cathodoluminescence (CL)imaging to identify target areas for U-Pb
analyses (Figure 4).
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Figure 4. CL imagine of zircon grians of the alkali feldspar granite (sample M16-29) from the Ulaan Uul W

deposit (data number is the same as that in Table 1).

Zircon LA-ICP-MS U-Pb analysis was undertaken in the laboratory of isotopic geochronology
of the Tianjin Center, China Geological Survey. The Zircon LA-ICP-MS U-Pb dating method and data
processing methods have been described in detail elsewhere, and thus are not elaborated upon here
[19-23].

Previous studies have shown that strong fractionation between rare earth elements can occur
during the formation of hydrothermal deposits, leading to large changes in Sm and Nd contents in
some hydrothermal minerals, reaching values far higher than the normal values of crustal rocks. This
discovery lays a foundation for the appli-cation of Sm—Nd isotopes in metallogenic chronology
[24,25]. Calcium-bearing minerals are always rich in rare earth ele-ments,making minerals like
fluorite, scheelite (wolframite), tourmaline,calcite, and other calcium-bearing minerals ideal targets
for Sm—-Nd isotopic dating of hydrothermal deposits [26-29]. The wolframite samples (No. M16-30-
1, M16-30-2, M16-30-3, M16-30-4 and M16-30-5, respectively) investigated in this study were collected
from the No.16 main ore vein representing the main stage of mineralization in the Ulaan Uul W
deposit. The samples collected in the field were crushed into powder fine enough to pass through a
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40-60 mesh. Pure wolframite grains were manually picked under a binocular microscope, and the
resulting separates, with a purity exceeding 99%, were rinsed with distilled water and dried at low
temperature. These pure wolframite samples were ground in an agate mortar to approximately 200
mesh prior to being measured.

Analyses of the Sm-Nd isotopes were carried out at the Isotope Geochronology Laboratory of
the Tianjin Center, China Geological Survey. The Sm-Nd isotope dating method and data processing
methods have been detailed by previous researchers, and thus are not elaborated upon in this paper
[30-32].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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5. Results

5.1 Zircon U-Pb geochronology

The zircons separated from the ore-hosting alkali feldspar granite (M16-29) via manual heavy
mineral separation appear pale yellow, transparent, and elongated in shape, with no dissolution
marks on the crystal surfaces. Under cathodoluminescence imaging, the zircons exhibit typical
oscillatory zoning, indicating a magmatic origin (Figure 4). During the testing process, two relatively
older zircon grains were identified.

A total of 16 analyses were conducted on 16 zircon grains. The results (Table 1, Figure 5) indicate
that all 16 analytical points fall on the concordia curve and can be divided into two age groups.
Among them, 14 LA-ICP-MS analytical points form a coherent age group, which is closely distributed
on the concordia diagram. The obtained 206Pb/238U apparent ages are relatively consistent, ranging
from 206 to 217 Ma. The weighted mean age of the 206Pb/»8U apparent ages for this group is 212.5 +
2.2 Ma (Figure 5). The Th/U ratios of the zircons vary between 0.41 and 0.91, exhibiting geochemical
characteristics typical of magmatic zircons (Table 1, [33]). Two analytical points, labeled M17-29-4
and M17-29-5, also fall on the concordia curve, yielding 2¢Pb/»8U apparent ages of 428 Ma and 424
Ma, respectively. The Th/U ratios of these zircons range from 0.52 to 0.91, similarly reflecting
geochemical features of magmatic zircons (Table 1, [33]). The younger age group (212.5 + 2.2 Ma)
represents the formation age of the protolith, while the older age group (428 Ma and 424 Ma) likely
corresponds to the age of early Paleozoic granites that are widely distributed in the Altai region
surrounding the mining area, possibly representing inherited or captured zircons from these rocks
[34].

Table 1. LA-ICP-MS U-Pb isotopic analysis data of single zircon grains of the granite (sample M16-29) from the
Ulaan Uul Wolfram deposit.

Content(x10-
©) Th/U
Pb U 206Pb/238U 10 27Pb/25U 1o 27Pb/2Pb 1o 26Pb/28U 1o 27Pb/»35U 1o 27Pb/2Pb 1o

Sample Isotopic ratio Age(Ma)

NO.

M16-29-1 24 486 0.76 0.0341 0.0004 0.2427 0.0054 0.0516 0.0011 216 221 5 268 48
M16-29-2 14 209 054 0.0338 0.0004 0.2419 0.0068 0.0519 0.0013 214 220 6 280 59
M16.-29-3 23 310 048 0.0339 0.0004 0.2368 0.0060 0.0507 0.0012 215 216 5 228 54
M16-29-4 25 308 091 0.0687 0.0008 0.5368 0.0110 0.0567 0.0011 428 436 9 480 41
M16-29-5 11 82 0.52 0.0680 0.0007 0.5301 0.0148 0.0565 0.0015 424 432 12 473 59
M16-29-6 62 0.79 0.0335 0.0005 0.2342 0.0255 0.0507 0.0054 213 214 23 225 246
M16-29-7 45 0.67 0.0338 0.0006 0.2412 0.0468 0.0518 0.0095 214 219 43 278 419

M16-29-8 38 0.72 0.0326 0.0005 0.2381 0.0304 0.0530 0.0068 207

3

2

2 217 28 328 293
M16-299 9 161 0.67 0.0338 0.0004 0.2436 0.0099 0.0523 0.0020 214

7

6

221 9 300 89
209 8 244 91
217 10 299 101
224 5 309 50
211 15 249 158
218 4 250 39
224 4 299 38
215 7 258 75

M16-29-10 135 0.69 0.0324 0.0004 0.2283 0.0092 0.0511 0.0020 206
M16-29-11 76 041 0.0330 0.0004 0.2377 0.0108 0.0523 0.0023 209
M16-29-12 13 297 091 0.0341 0.0004 0.2467 0.0059 0.0526 0.0012 216
M16-29-13 4 71 076 0.0327 0.0004 0.2306 0.0167 0.0512 0.0035 207
M16-29-14 23 398 0.65 0.0339 0.0004 0.2396 0.0044 0.0512 0.0009 215
M16-29-15 21 268 046 0.0343 0.0004 0.2474 0.0045 0.0523 0.0009 217
M16-29-16 9 187 0.81 0.0334 0.0004 0.2364 0.0081 0.0514 0.0017 212

N NN DNDNNNMDNOMDND R QaoanNnwN
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Figure 5. Zircon LA-ICP-MS U-Pb Concordia diagram for the alkali feldspar granite (sample M16-29) from the
Ulaan Uul W deposit.

5.2. Sm-Nd Age for Wolframites

The measured Sm and Nd contents as well as their isotopic compositions of the wolframite
samples are presented in Table 2. In all wolframite samples, the Sm content exceeds that of Nd, with
high Sm/Nd ratios indicating significant isotopic fractionation, which is favorable for Sm-Nd isotopic
dating. On the ¥Sm/"*Nd vs. *Nd/"*Nd diagram (Figure 6), all samples exhibit a strong linear
relationship. Using the ISOPLOT program, the Sm-Nd isochron age of the wolframite is determined
to be 211.2 + 1.5 Ma (20), with an MSWD of 0.92 and an initial (13Nd/*Nd): value of 0.5120158.
Considering that all five wolframite samples were collected from the No. 16 tungsten-bearing quartz
vein, representing products of homologous and contemporaneous hydrothermal activity unaffected
by later hydrothermal alterations, the age data obtained in this study reliably represent the formation
age of the wolframite. The positive initial ena value of the wolframite (0.5120158) is consistent with
the characteristic positive enda values of numerous granites in the Central Asian Orogenic Belt [3],
indicating a depleted mantle source.

Table 2. Sm and Nd isotopic data of wolframite from the Ulaan Uul W deposit.

Sample No. Sm/ug.g! Nd/ug.g"! 4Sm/1“Nd WNd/*Nd(20)
M16-30-1 167.5 42.32 0.2623 0.512378 (4)
M16-30-2 162.7 38.76 0.2489 0.512360(4)
M16-30-3 146.8 30.06 0.1703 0.512251(9)
M16-30-4 152.8 32.36 0.1918 0.512281(2)
M16-30-5 154.2 36.78 0.2382 0.512345(4)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 6. Sm-Nd isochron age of the wolframite from Ulaan Uul W deposit.
6. Discussion

6.1. Implications of Zircon U-Pb and Wolframite Sm-Nd Ages

Accurate determination of ore deposit age is crucial for establishing ore deposit models and
explaining the geological dynamic background of mineralization [30,35]. The host rocks of the Ulaan
uul W deposit are Early-Mesozoic alkali feldspar granites, which are closely related to tungsten
mineralization. Previous studies considered these granites to be Late Triassic to Early Jurassic [2,18].
LA-ICP-MS zircon U-Pb dating results indicate that the emplacement age of the host alkali feldspar
granite (sample M16-29) of the Ulaan uul W deposit is 212.5+2.2 Ma (Figure 6) . Based on zircon
morphology and Th/U ratios, these zircons are interpreted as products of Early-Mesozoic magmatic
activity. Late Permian to Early Triassic (253-251 Ma) and Early-Mesozoic (244-180 Ma) granites are
widely developed in the Mongolian Altai and its surrounding areas, formed in the extensional
tectonic environment after subduction-collision of the Early Mesozoic Tarim Craton beneath the Altai
Orogenic Belt [33-37]. This study reports for the first time the Sm-Nd age of wolframite from the
Ulaan uul W deposit as 211.2+1.5 Ma, and the LA-ICP-MS zircon U-Pb age of the host granite as
212.5+2.2 Ma. The consistency of the magmatic and mineralization ages indicates that the Ulaan uul
W deposit formed in the Late Triassic. The Ulaan uul W deposit is located in the Mongolian Altai Cu-
Pb-Zn-W-5n-Mo-Ni-Au-Ag-Sb-Co-Fe mineralization belt, which is part of the Sayan-Altai
mineralization belt [7,8,15]. Tungsten-molybdenum deposits are widely developed in the Altai
mineralization belt and are important mineralization features in this region. These deposits mainly
occur within Early-Mesozoic granite bodies or near their contacts. Many age constraints have been
provided by previous studies on deposits within this mineralization belt. Annikova et al. [38]
obtained a SHRIMP zircon U-Pb age of 218+1 Ma for the host granite of the Kalgut tungsten deposit.
Seltmann et al. [39] reported an Ar-Ar age of 242.3+2.7 Ma for the host granite of the Sagangorsky
molybdenum-tungsten deposit, and an Rb-Sr isochron age of 218+10 Ma for the host granite of the
Indetlinsky tungsten polymetallic deposit. Demin et al. [40] obtained zircon U-Pb ages of 225+10 Ma
for the host granites of the Sassey molybdenum-tungsten deposit and the Chigertaysky
molybdenum-tungsten deposit. Regional data show that the Altai mineralization belt experienced
concentrated W(Mo) mineralization between 242-211 Ma. The Sagangorsky molybdenum-tungsten
deposit in the northern segment of the mineralization belt formed in the Middle Triassic (about 242
Ma), while the Kalgut tungsten deposit, Sassey molybdenum-tungsten deposit, Chigertaysky
molybdenum-tungsten deposit, and Ulaan uul tungsten deposit in the southern segment formed in
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the Late Triassic (about 225-211 Ma), confirming the presence of significant tungsten (molybdenum)
mineralization events during the critical Early-Mesozoic extensional mineralization period following
subduction of the Tarim Craton beneath the Altai Orogenic Belt [33-37]. This finding broadens the
perspective for mineral resource exploration in the Mongolian Altai mineralization belt.

6.2. Genetic Type and Metallogenic Processes

Most W(Mo) deposits worldwide are magmatic-hydrothermal in origin and closely related to
the formation of granites [41]. The Ulaan Uul W deposit is spatially closely associated with medium-
fine grained alkali feldspar granite. The mineralization age of the Ulaan Uul W deposit obtained in
this study is consistent with the age of the ore-bearing granite, at 212.2 Ma. The ore-bearing alkali
feldspar granites have the following composition ranges: 5i02=75.86-76.97wt%, TiO>=0.06-0.08wt%,
TFeO=0.57-0.69wt%, MgO0=0.05-0.09wt%,Al20s=12.77-13.41wt%, K:0=4.37-4.74wt%, Na0=4.04-
4.12wt%.These rocks are characterized by high SiO2, K2O and Na:0, high A/CNK values (average
1.45), low Cao, MgO, FeO, low Sr (5.53-6.53x10-),and high Rb/Sr ratios (average 53)[42,43], classifying
them as High fractionated alkali feldspar granite formed in a post-collisional extensional tectonic
setting [31-33].There is a close and complex genetic relationship between high-differentiated alkali
feldspar granites and tungsten mineralization, which is one of the core topics in current metallogeny
research. Regional studies show that the Central Asian Orogenic Belt (CAOB) experienced long-term
continental growth from the Neoproterozoic to the Permian, extending from the Ural Mountains in
the west to the Pacific Ocean in the east, bounded by the Siberian Craton in the north and the Tarim-
Hulu Craton in the south [1,6,9-11,13,14,40]. The formation of the CAOB resulted from the
continuous accretion of ancient Asian Ocean intra-oceanic island arcs, microcontinents, ophiolite
suites, oceanic islands, seamounts, accretionary wedges, and oceanic plateaus [1,6,42,44,45]. During
the Middle to Late Triassic, due to the closure of the Paleotethys Ocean, the Tarim Craton collided
and amalgamated with the Altai Orogenic Belt [1-11,46], entering a post-collisional intra-plate
extensional phase in the Ulaan Uul region of Altai [34-36,42]. Under the extensional tectonic setting,
mantle fluids interacted with crustal materials, underwent strong fractional crystallization, forming
the Ulaan Uul high-differentiated alkali feldspar granite. Tungsten is a highly lithophile element that
continuously enriches with the evolution of residual melt during magma crystallization
differentiation. High-differentiated granites have undergone intense fractional crystallization; during
the evolution of their parent magma, tungsten elements are highly concentrated and finally enriched
in residual fluids during the late stage of the magma system[47]. During the intrusion and cooling of
the Ulaan Uul alkali feldspar granite, uplift zones of the pluton and contact zones with country rocks
often form a series of fracture systems, creating open channels. These open fracture systems provide
favorable conditions for the ascent, precipitation, and enrichment of mineralizing fluids. As fluid
temperature decreases and physical and chemical conditions change, tungsten precipitates rapidly,
forming the Ulaan Uul wolframite-quartz vein-type deposit. The Ulaan Uul W deposit is a post-
magmatic high-temperature hydrothermal quartz vein-type deposit.

7. Conclusions

(1)The LA-ICP-MS zircon U-Pb dating of the ore-bearing alkali feldspar granite indicates
crystallization ages of 212.5+2.2Ma , which closely align with the wolframite Sm-Nd isochron age of
211.2+1.5Ma for the Ulaan Uul W depositin Nouthwestern Mongolia, suggesting an Late
Triassic magmatic event marked by W-dominated mineralization coinciding with the extensional
tectonic setting following the subduction and collision of the Tarim Craton with the Altai Orogenic
Belt.

(2)Regional data indicate that the Altai W-Mo-Sn-Ag-Sb-Hg-Cu-Ni-Co metallogenic belt
experienced concentrated W (Mo) mineralization between 242Ma and 211Ma. The formation of W-
dominated deposits, such as Ulaan Uul W deposit in the southern segment of the belt, is at least 30Ma
later, underscores the presence of a significant W metallogenic event during this critical post-collision
to extensional mineralization period.
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