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ABSTRACT 

The Edren range of the Trans-Altai zone is situated in the central south part of the 
Central Asian Orogenic Belt. The Edren range is composed primarily of volcano-
sedimentary rocks that were weakly metamorphosed during the Devonian to 
Carboniferous periods. These rocks were then intruded by granite plutons during the 
Carboniferous to Permian periods. The area is further divided into two units, the 
Edrengiin Nuruu and Davkhar Khar, which are separated by the Khyariingun thrust 
fault. Three episodes of magmatism have been recognized in the Edren range. The 
earliest episode of magmatism at c. 360 Ma is present in the Edrengiin Nuruu unit. A 
younger episode of magmatism at c. 330 Ma is present in the Davkhar Khar unit. 
The youngest episode of magmatism, dated at c. 300 Ma is represented by rhyolite 
porphyry dykes in the Edrengiin Nuruu unit. The first episode of c. 360 Ma 
volcanism, developed in a continental arc setting, produced relatively contaminated 
basalt-andesite magma (SiO2=49.39-57.65 wt%; Mg#=27-47; (La/Yb)N=3.24-15.39) 
with relatively low initial ɛNd-values (from ca. +1.9 to +4.3) by subduction of the 
oceanic crust, developed on Devonian continental juvenile crust. Following 
subduction, steady northward transition of volcanic arc occurred. At c. 330 Ma 
continuous subduction of oceanic crust produced basalt-andesite-rhyolite magma 
(SiO2=47.16-72.76 wt%; Mg#=4-48; (La/Yb)N=1.34-10.91) with higher initial ɛNd-
values (from ca. +1.6 to +5.8). At c. 300 Ma, rhyolite porphyry dykes (SiO2=75.70-
75.86 wt%; Mg#=5-6; ɛNd=+2.6) developed in the Edrengiin Nuruu unit by 
subduction or collision-related magmatism.  
 
Keywords: Edrengiin Nuruu, Dulaan Khar, U-Pb age, magmatism 

ARTICLE INFO 

Article history: 

Received 02 November, 2022 

Revised 01 December, 2022 

Accepted 30 December, 2022 

 

 

Geochemistry and geochronology of Carboniferous volcanic rocks from the Edren range, 
Trans-Altai Zone, SW Mongolia  

Otgonkhuu Javkhlan*1,2,4    , Anaad Chimedtseren2,5    , Ochir Gerel2,  
Bayaraa Batkhishig2,3    , Baatar Munkhtsengel2,3  

1Telmen Resource LLC, TMK Energy Limited, Ulaanbaatar 13336, Mongolia 
2Geoscience Center, Mongolian University of Science and Technology, Ulaanbaatar 14191, Mongolia 
3School of Geology and Mining Engineering, Mongolian University of Science and Technology, Ulaanbaatar 14191, Mongolia 
4Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China  
5Mongolian Natural History Museum, Ulaanbaatar 15141, Mongolia 
 
*Corresponding author: o.javkhlan@must.edu.mn, ORCID: 0000-0003-1681-348X    

© The Author(s). 2022 Open access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License        
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and source, provide a link to the Creative Commons license, and indicate if changes were made.    

INTRODUCTION 
The Trans-Altai Zone is an oceanic domain 
consisting of Ordovician to Devonian ophiolites 
together with Silurian to Devonian-
Carboniferous oceanic sediments and volcanic 
rocks (Guy et al., 2014; Jian et al., 2014; Krӧner 
et al., 2010; Ruzhentsev and Pospelov, 1992, 

Ruzhentsev, 2001). This zone is situated in the 
south part of the Mongol Altai Range among the 
branch ranges of Edren, Sumankhad, Ajbogd, 
Dund, and Khuviinkhar; separated by the Trans-
Altai fault from the Gobi-Altai Zone to the 
north, and by the Gobi Tian Shan fault from the 
Gobi Tian Shan Zone to the south (Fig. 1b) 
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(Krӧner et al., 2010). The Trans-Altai zone is 
situated in the central south part of the Central 
Asian Orogenic Belt (CAOB). The CAOB or 
Altaids, is one of the largest accretionary 
orogens on Earth (Jahn et al., 2004; Safanova et 
al., 2011; Sengӧr and Natal’In, 1996; Windley 
et al., 2007) developed between the Siberian 
craton in the north, the Tarim craton in the south
-west, and the North China craton in the south 
(Jahn et al., 2000) (Fig. 1a). Tectonic evolution 
of the CAOB recently suggests that 
Neoproterozoic to Carboniferous accretionary 
continental growth, followed by Permian to 
Triassic collisional deformation (Lehmann et 
al., 2010; Schulmann and Paterson, 2011; Xiao 
et al., 2015, 2018). The accretionary continental 
growth is associated with formation of giant 
magmatic arcs (e.g., Jahn, 2004) which are 
progressively migrated to Tarim and North 
China craton due to a slab retreat (Jahn, 2010). 
Newly formed juvenile crust assembled by 
previous giant magmatic arcs or old continental 
crust were recycled during a major period of 
collisional deformation (Guy et al., 2014; 
Kozlovsky et al., 2015; Kröner et al., 2014). 
Previous works of Hanžl et al. (2008), 
Yarmolyuk et al. (2008) and Nguyen et al. 
(2018) who described intrusive and volcanic 
rocks in the wider area of the Trans-Altai Zone 
and latter correlate closely with the Dulate-
Yemaquan arc system in eastern Junggar 
(Nguyen et al., 2018; Xiao and Kusky, 2009). 
In this study, we focus on more narrow area of 
eastern part of the Trans-Altai Zone in the 
Khyariingun Khudag area (Fig. 1b) of the Edren 
range, in order to understand a slab retreating 
process in detail. Previous studies suggested 
formation of an Early Carboniferous volcanic 
arc (Nguyen et al., 2018), with a Late 
Carboniferous bimodal volcanic suite related to 
a back-arc extensional environment (Zhu et al., 
2017). However, little detailed geochemical and 
geochronological work was done on the Edren 
range. Here, we present new geochemical and 
geochronological data on volcanic and plutonic 
rocks. Results of the study suggest that the 
magmatism of the Edren range developed 
because of multiple events of oceanic 
subduction and slab retreat observed during the 
Early Carboniferous.     

GEOLOGICAL BACKGROUND  
The Trans-Altai Zone is subdivided into the 
Khuvynkhar, Edren, Baaran, Zuulun and Baitag 
terranes (Badarch et al., 2002). Our study area is 
within the Edren terrane. The Edren terrane 
includes Devonian to Carboniferous volcano-
sedimentary rocks containing limestone lenses 
with Early Devonian brachiopods (Šourek et al., 
2003). The terrane is intruded by Carboniferous 
to Permian granite plutons. The rocks have 
undergone intense brittle-ductile deformation 
associated with greenschist-facies 
metamorphism (Nguyen et al., 2018). 
In the Khyariingun Khudag area, we conducted 
field observation of the section through 
Devonian sedimentary sequences and thick 
Carboniferous volcanic sequence intruded by 
granitoid (Fig. 1d). The study area can be 
divided into two units, Edrengiin Nuruu (EN) 
and Davkhar Khar (DK) by the Khyariingun 
thrust fault (Fig. 1d) (Togtokh et al., 2020). 
The EN unit extends to NW, covering the 
southern half of the Edren range (Fig. 1d). 
Stratigraphically, the lower part of the EN unit is 
composed mainly of interleaved layers of Lower 
to Middle Devonian fauna-bearing sedimentary 
sequences of sandstone, siltstone, and limestone, 
layers of metabasalts, volcanic pyroclasts and 
gabbroid sill-like bodies. Locally, volcanic 
pyroclastics contain clasts of serpentinite 
(Gordienko, 1987). Lower-Middle Devonian 
corals, brachiopods, and crinoids are found in 
the EN unit (Togtokh et al., 2020). The upper 
part of the EN unit is represented by the volcano
-terrigenous formation containing Mississippian 
aged faunas of brachiopods, crinoids, bivalvia 
and flora. Volcanic rocks of this formation 
mainly consist of andesite, dacite, basalts and 
their tuffs (Figs. 2a, c and d). Both Devonian 
and Carboniferous sequences are crosscut by 
thick (<10 m width) rhyolite dykes (Figs. 2c and 
d) (Togtokh et al., 2020). 
The DK unit extends to NW, covering the 
northern half of the Edren range (Fig. 1d). 
Stratigraphically, Upper Silurian bodies of 
peridotite and gabbro occur in the lowest part of 
a section. These are covered by a Lower-Middle 
Devonian coral and brachiopod-bearing 
terrigenous-carbonatic-volcanic formation, an 
oceanic reef (Togtokh et al., 2020). Upward to 
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Fig. 1. (a) Overview of the Central Asian Orogenic Belt with the location of Mongolia (modified after  
Buriánek et al. (2017); (b) Tectonic map of SW Mongolia (Krӧner et al., 2010); (c) Sattelite image of the Edren and 
Suman Khad ranges. Previously obtained ages from volcanic (c. 314 Ma; Zhu et al., 2017) and plutonic (c. 329 Ma; 
Yarmolyuk et al., 2008) rocks are plotted; (d) Geological map of Edren range (Togtokh et al., 2020). S84, S90, 
E100A, E100B: for four rock samples, indicate U-Pb ages. 
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Fig. 2. Field photos of the Edren range (a) A volcanic layer  laying on the sedimentary unit in the EN unit; 
(b) Boundary zone between EN and DK units. A terrigenous formation (conglomerate and sandstone) thrust over 
(dashed line) a rhyolite layer of the DK unit; (c) An andesite layer in the EN unit; (d) A basalt layer cross-cut by 
rhyolite dyke in the EN unit.  

the section, an Upper Devonian-Lower 
Carboniferous brachiopod-bearing terrigenous 
fore-arc formation is covered by the Lower 
Carboniferous terrigenous-volcanic formation. 
The lower member of the terrigenous 
sedimentary rocks contains Tournaisian crinoid 
and ostracod faunas. The upper member of 
volcanic rocks is composed of basalt, andesite 
and rhyolite (Fig. 2b). The Lower Carboniferous 
terrigenous-volcanic formation is intruded by 
the Bayan-Airag plutonic complex consisting of 
gabbro, monzonite and granite as well as Late 
Carboniferous-Lower Permian granitoid 
(Togtokh et al., 2020).  Yarmolyuk et al. (2008) 
reported U-Pb zircon ages on biotite-hornblende 
quartz diorite from Bayan-Airag complex as 
329±1 Ma). 
Most of the volcanic rocks from the EN and DK 
units were deformed and altered by greenschist 
facies metamorphism. NW-SE directed foliation 
planes dipping to the SW are developed in the 
volcanic and sedimentary sequences. Apart from 
the foliation planes, bedding planes dipping 

from NE to SW are also observed in some of the 
outcrops of the sedimentary sequences 
(Munkhtsengel et al., 2018). 
   
Petrography   
Sixteen volcanic (mafic to felsic) rock samples, 
and two rhyolite porphyry dyke samples were 
collected along the field section from the EN 
and DK units (Fig. 1d). Basaltic rocks from the 
EN unit have a porphyritic texture, with fine-
grained plagioclase, pyroxene and secondary 
hornblende, chlorite, epidote in the matrix and 
large plagioclase phenocrysts (up to 5 mm) with 
sieve texture (Fig. 3a). Plagioclase is commonly 
altered to secondary sericite, epidote and 
carbonaceous material. Andesite from the EN 
unit has an intersertal texture with fine-grained 
altered microlithic groundmass composed of 
plagioclase, secondary chlorite, amphibole and 
calcite (Fig. 3b). Plagioclase is commonly 
partially replaced by fine-grained epidote and 
sericite. The groundmass is overprinted by 
subhedral to euhedral secondary amphibole with 
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chlorite and Fe-Ti oxide. The rhyolite dykes 
developed in the EN unit consist mainly of K-
feldspar, quartz, plagioclase, minor amounts of 
sericite, epidote and calcite. Magnetite and 
zircon occur as accessory minerals. The tabular 
phenocrysts of potassium feldspar are up to 1 
cm in size, mostly altered to sericite and calcite. 
The subhedral plagioclase has a prismatic shape, 
and some phenocrysts have a pseudomorphic 
structure, due to epidote-calcite alteration. The 
main matrix of the rhyolite dyke consists mainly 
of fine-grained quartz and feldspar.  
The basaltic rocks from the DK unit have a 
porphyritic texture, with fine-grained 
plagioclase, pyroxene and secondary hornblende 
in the intergranular matrix and large 
clinopyroxene, plagioclase and secondary 
amphibole phenocrysts (up to 2 mm) (Fig. 3d). 
Plagioclase is commonly altered to secondary 
sericite and epidote in the core part, whereas 
clinopyroxene is commonly overprinted by 
green hornblende. The andesites and 
trachyandesite from the DK unit have a 
porphyritic texture with fine-grained altered 

groundmass (Fig. 3e). The fine-grained 
groundmass is made of altered plagioclase, 
hornblende, and chlorite. Plagioclase is the main 
mineral, occurring as large laths or tabular 
phenocrysts (up to 1 mm long). It is commonly 
replaced by fine-grained epidote and sericite. 
Poikiltic textured altered phenocrysts of K-
feldspar within the matrix occur as euhedral or 
subhedral crystals, up to 3 mm long. They 
contain euhedral hornblende and plagioclase as 
inclusions. Subhedral to euhedral amphibole 
mainly occurs in the groundmass and some is 
replaced by chlorite and Fe-Ti oxide.  
The dacite-rhyolite from the DK unit has K-
feldspar and quartz phenocrysts (Fig. 3f). They 
are euhedral to subhedral in shape. Some of the 
poikilitic K-feldspar crystals are up to 3 mm 
long. Sodic plagioclase is prismatic and strongly 
replaced by sericite or epidote. The fine-grained 
groundmass is made of feldspar and quartz. 
Amphiboles are rare and overprinted by chlorite 
and Fe-Ti oxide. Fine-grained recrystallized 
quartz aggregates have a granular texture.   
 

Fig. 3. (a) A porphyr itic basalt from the EN unit with coarse-grained altered phenocrysts and altered 
groundmass; (b) Andesite from the EN unit displaying an intersertal texture with a fine-grained altered microlithic 
groundmass; (c) A ­basaltic tuff from the EN unit with rounded grains of feldspars, pyroxene and lithic materials; 
(d) An altered porphyritic basalt from the DK unit with fine-grained plagioclase, pyroxene and secondary 
hornblende in the intergranular matrix and large phenocrysts of clinopyroxene partially overprinted by hornblende 
and plagioclase; (e) An andesite from the DK unit displaying porphyritic texture with a fine-grained altered 
groundmass; (f) A rhyolite from the DK unit with K-feldspar and quartz phenocrysts.  
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ANALYTICAL METHODS 
Zircon U-Pb dating 
Four least-altered samples, representing felsic to 
intermediate volcanic and granitoid rocks, were 
selected for LA-ICP-MS U-Pb zircon 
geochronology to determine the ages in the 
Edren range. They were collected from rhyolite 
(sample S84) from the Ulziitkhar Formation, 
andesite (sample E100A) and rhyolite dyke 
(sample E100B) from the Shalkhudag 
Formation and granite (sample S90) from the 
Bayan-Airag complex (Fig. 1d).  
The analyzed zircons were separated from the 
samples using the following techniques that 
included crushing, pulverizing, the use of a 
Wilfley Table, heavy liquid, magnetic 
separation, and handpicking. The zircons were 
then mounted in epoxy and polished. Reflected 
and transmitted light photomicrographs, and 
cathodoluminescence (CL) images were used to 
determine the internal textures of the sectioned 
zircon grains to target areas within the least-
fractured and inclusion-free zones.  
All U-Pb isotope data were collected at the 
Institute of Mineral Resources of the Chinese 
Academy of Geological Sciences in Beijing 
using a multi-collector inductively coupled 
plasma mass spectrometer (LA-MC-ICP-MS) 
using a Thermo Finnigan Neptune MC-ICP-MS 
coupled to a New Wave 213 Nd-YAG laser 
ablation system. The spot size is ~30 μm. Hou 
et al. (2009) describe the operating conditions 
for the laser ablation system and the MC-ICP-
MS instrument and data reduction. 
The array of four multi-ion-counters and three 
faraday cups allow for simultaneous detection 
of 202Hg(on IC5), 204Hg, 204Pb(on IC4), 206Pb(on 
IC3), 207Pb(on IC2), 208Pb(on L4), 232Th(on H2), 
and 238U(on H4) ion signals. The make-up gas 
included argon and helium (the carrier gas) 
mixed via a T-connector before entering the 
ICP. Each analysis incorporated a background 
acquisition of approximately 20-30 s (gas blank) 
followed by a 30 s data acquisition from the 
sample. Off-line raw data selection, integration 
of background and analytic signals, and time-
drift correction and quantitative calibration for 
U-Pb dating was performed using the ICPMS 
Data Cal software (Liu et al., 2010). The 
standard GJ1 zircon was analyzed twice every 5

-10 analyses. Time-dependent drifts of the U-Th
-Pb isotopic ratios were corrected using linear 
interpolation with time for every 5-10 analyses 
according to the variations in the GJ1 analyses, 
as outlined by Liu et al. (2010), with the 
preferred U-Th-Pb isotopic ratios outlined by 
Jackson et al. (2004). The uncertainty of 
preferred values for the external standard GJ1 
was propagated to the ultimate results of the 
samples. The U, Th and Pb concentrations were 
calibrated against the M127 zircon standard 
containing 923 ppm U, 439 ppm Th, and the Th/
U ratio of 0.48 (Nasdala et al., 2008). Concordia 
diagrams and weighted mean calculations were 
made using Isoplot/Ex_ver3 (Ludwig, 2003). 
The Plesovice standard zircon was dated as an 
unknown sample and yielded a weighted mean 
206Pb/238U age of 337±2 Ma (2σ, n=12), which is 
in good agreement with the recommended 
206Pb/238U age of 337.13±0.37 Ma (2σ) (Sláma 
et al., 2008). Uncertainties reported at 95% 
confidence level. 
 
Major and trace element analysis 
The Analytical Center of the Beijing Institute of 
Geology for Nuclear Industry (ACBIGNI) 
undertook the whole-rock analyses. Major 
element compositions were determined by X-ray 
fluorescence (PhilipPW2404) using fused disks. 
Trace elements were determined by ICP-MS 
(Finnigan-MAT Element I) after acid digestion 
of samples in Teflon bombs. Analytical 
precision and accuracy are better than 5% for 
major elements and 10% for trace elements. 
 
Rb–Sr and Sm–Nd isotope analyses 
Whole rock Rb–Sr and Sm-Nd isotopic ratios 
were determined by TIMS using an ISOPROBE
-T (IsoProbe-T™ (IsotopX Ltd) | EVISA's 
Instruments Database (speciation.net)) at the 
ACBIGNI. The 147Sm/144Nd and 87Rb/86Sr ratios 
were calculated using Sm, Nd, Rb, and Sr 
concentrations measured with the ICP-MS. The 
measured 143Nd/144Nd and 87Sr/86Sr ratios were 
normalized to 146Nd/144Nd=0.7219 and 
86Sr/88Sr=0.1194, respectively. The SHINESTU 
Nd standards, and NBS-987 Sr standards were 
measured during the course of analyses, yielding 
a 143Nd/144Nd ratio of 0.51212±3 (2σ), and 
87Sr/86Sr=0.71025±7 (2σ), respectively.  

http://www.speciation.net/Database/Instruments/IsotopX-Ltd/IsoProbeT-;i2865
http://www.speciation.net/Database/Instruments/IsotopX-Ltd/IsoProbeT-;i2865
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RESULT 
Zircon U–Pb geochronology 
Representative zircon CL images and a series of 
concordia diagrams with weighted mean 
206Pb/238U ages for 4 samples from the Edren 
range are shown in Fig. 4. Analyzed spots with 
U-Pb ages are listed in Supplementary table 1. 
Inherited zircons with older 206Pb/238U ages and 
zircons with a concordance of less than 90% 
excluded from the age calculations.  
The andesite sample (E100A) from the 
Shalkhudag Formation in the EN unit has 
euhedral zircons that are from 56 µm to 96 µm 
long, with length-width ratios of approximately 
1:1 to 3:1. Some of the zircons contain small 
inclusions. Most of the zircons display fine 
concentric oscillatory zoning patterns that are 
characteristic of a magmatic origin. Fourteen 
analyses of zircons have highly varied 
abundances of 232Th (34-687 ppm) and 238U (42-
1434 ppm) with Th/U ratios ranging from 0.09 
to 1.15. Six analyses are concordant with a 
weighted mean 206Pb/238U age of 359±5 Ma 

(MSWD=0.81) (Fig. 4b). The analyses are the 
same identical within error, recording 
magmatism between Lower Carboniferous and 
Upper Devonian. Four zircon grains yielded 
much higher 206Pb/238U ages of c. 748 Ma, 750 
Ma, 625 Ma and 474 Ma, likely indicate 
inherited zircons from older crustal rocks. 
Sample E100B from a rhyolite porphyry dyke 
that cuts across the andesite outcrop of 
Shalkhudag Formation in the EN unit was dated. 
The zircons from the rhyolite dyke occur as 
subhedral to euhedral crystal, which are 30 µm 
to 130 µm long, with length/width ratios of 
between 1:1 and 3:1. Most of the zircons have 
oscillatory growth zoning with rare sector 
zoning. Fifteen analyses of zircons have highly 
varied abundances of 232Th (139-1626 ppm) and 
238U (177-1862 ppm) with Th/U ratios ranging 
from 0.75 to 1.51. Analyses are concordant with 
a weighted mean 206Pb/238U age of 301±3 Ma 
(MSWD=0.89) (Fig. 4c). This dating is identical 
within error and represents between Lower 
Permian and Upper Carboniferous. 

Fig. 4. U-Pb Concordia diagrams for studied volcanic and plutonic rocks from Edren range with dated 
representative cathodoluminescence (CL) images of zircon grains and weighted mean 206Pb/238U ages.  

file:///F:/MGS/2022-2023/MGS-55
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The rhyolite sample (S84) from Ulziitkhar 
Formation in the DK unit has subhedral to 
euhedral zircons that are 35 µm to 150 µm long 
and have lengh/width ratios of between 1:1 and 
3:1. The zircons have Th/U ratios of 0.30-1.12, 
varied abundances of 232Th (83-755 ppm) and 
238U (280-935 ppm). Zircons have mainly 
oscillatory zoning pattern with rare sector 
zoning. Nineteen analyses from sample S84 
yield concordant 206Pb/238U age of Lower 
Carboniferous 331±2 Ma (MSWD=0.46) (Fig. 
4a). 
The granite sample S90 from Bayan-Airag 
complex chosen to date due to close to the dated 
rhyolite sample (S84) along the section. Dated 
granite has subhedral to euhedral zircons that 
are 40 µm to 200 µm long and have length/
width ratios of between 1:1 and 4:1. The zircons 
have Th/U ratios of 0.30-1.12, varied 
abundances of 232Th (83-755 ppm) and 238U 
(280-935 ppm). Zircons show mainly oscillatory 
zoning pattern with rare sector zoning. Nineteen 
analyses from sample S90 yield concordant 
206Pb/238U age of Lower Carboniferous 333±2 
Ma (MSWD=0.40) (Fig. 4d).  
 
Whole rock chemical compositions 
All whole-rock compositions of the 
representative samples are summarized in Table 

1 and 2. Field and petrographic observations 
revealed evidence of varying degrees of 
alteration marked by the presence of epidote, 
chlorite, sericite and carbonates (Fig. 3). 
Therefore, we used the loss of ignition (LOI) as 
an indicator for the alteration process and 
excluded all samples exceeding approximately 
4.0 wt% LOI. Trace elements of HFSE and REE 
have employed that are thought to be relatively 
immobile during alteration or greenschist to 
amphibolite-facies metamorphism (e.g., Floyd 
and Winchester, 1975, Winchester and Floyd, 
1977; Pearce, 1996, 2008; Tasáryová et al., 
2018).  
 
Major-elements 
The TAS diagram shows that the Early 
Carboniferous volcanic rocks range in 
composition characteristics of basalt, basaltic 
andesite, basaltic trachyandesite, andesite, 
trachyandesite, dacite, and rhyolite and the Late 
Carboniferous dyke system of rhyolite (Fig. 5a). 
Basalt, basaltic andesite, basaltic trachyandesite 
rocks from EN and DK units display a similar 
range of SiO2 abundances (47.16-52.13 wt%), 
narrow TiO2 (0.60-0.99 wt%), Al2O3 (13.81-
18.71 wt%), MgO (2.20-7.01 wt%) and Fe2O3t 
(8.40-13.52 wt%) contents. The analyses are 
also characterized by enrichments in Na2O over 

Fig. 5. Classification diagrams for  volcanic rocks from the Edren range. (a) SiO 2 vs. (Na2O+K2O) diagram of 
Le Bas et al. (1986); (b) Co-Th binary plot Hastie et al. (2007). Abbreviations: B=basalt; BA/A=basaltic andesite 
and andesite; D/R*=dacite and rhyolite.   
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Fig. 6. Spider  plots for  volcanic rocks from Edren range; (a, c, e) NMORB-normalized trace element 
patterns (Sun and McDonough, 1989) for presumably little mobile/immobile elements as proposed by 
Pearce (2014). (b, d, f) Chondrite-normalized (Boynton, 1984) REE patterns.    

K2O (Na2O/K2O=1.35-2.63 by weight) at 
moderate total alkali contents (Na2O+K2O=2.47
-6.52 wt%). The Mg# [100xMgO/(MgO+FeOt) 
{mol.%}] range of DK unit is relatively higher 
range (41-51) than EN unit (27-42). Andesite, 
trachyandesite, and trachyte from EN and DK 
units (SiO2=56.92-58.24 wt%) contain 0.55-0.87 
wt% TiO2, 15.91-18.00 wt% Al2O3, and higher 
total alkalis (5.36-8.06 wt%). Na2O/K2O ratio of 
EN unit (5.70) much higher than DK unit (0.83-
1.64). Rhyolites from DK unit (SiO2=67.61-
72.76 wt%) display on average the lowest TiO2 
(0.18-0.52 wt%), Al2O3 (12.35-15.01 wt%), and 
the ferromagnesian components (MgO=0.11-
0.44 wt%, Fe2O3t=2.19-4.33 wt%; Mg#=5-24). 

The alkalis are (Na2O+K2O=6.74-9.08 wt%) 
with extremely changeable Na2O/K2O ratios 
(0.60-15.05) most likely reflecting variable 
alteration of the individual samples. Two 
samples of rhyolite dykes in the EN unit were 
analyzed and they display a limited range of 
SiO2 abundances (75.70-75.86 wt%), similar 
TiO2 (0.08 wt%), narrow Al2O3 (12.20-12.56 
wt%), and ferromagnesian (MgO=0.10-0.13 
wt%, Fe2O3t=2.64-3.86 wt% and Mg#=6-7). 
Total alkalis display a range of 7.29-7.99 wt% 
with Na2O/K2O ratio vary from 0.92-1.52.  
 
Trace-elements 
In a diagram of Hastie et al. (2007), more 
resistant to the alteration effects than the original 
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SiO2-K2O plot of Peccerillo and Taylor (1976), 
all samples show a clear normal-K calc-alkaline 
affinity (Fig. 5b). The trace-element 
compositions were plotted into NMORB-
normalized multi-element diagrams (Sun and 
McDonough, 1989) (Figs. 6 a,c, and e). 
Following Pearce (2014), only the presumably 
immobile or little mobile elements are shown. 
The multi element patterns of basalts from DK 
unit less differentiated than basalts from EN unit 
(Fig. 6a). In addition, both basalts from DK and 
EN units are characterized by often pronounced 
negative anomalies in High-Field Strength 
Elements (HFSE; e.g. Nb, Ta, Ti, Zr, and Hf). 
Thorium content of EN unit (1.11-3.07 ppm) is 
significantly higher than the DK unit (0.30-0.80 
ppm). 
The multi-element patterns of andesites from 
both EN and DK units are relatively steeper than 
basalts, also enriched in incompatible elements. 
The pronounced negative anomalies in HFSE 
(Nb, Ta, Ti, Zr, and Hf) also observed (Fig. 6c). 
The multi-element patterns of rhyolite dykes 
from the EN unit and rhyolites from the DK unit 
are also relatively similar patterns with andesites 
from both EN and DK units (Fig. 6e). 
The chondrite-normalized (Boynton, 1984) REE 
patterns of basalts from the EN unit (Fig. 6b) 
show significant enrichment (La/Yb)N=3.24-
3.96 in the Light Rare Earth Elements (LREE) 
relative to the heavy ones (HREE) comparing to 
basalts from DK unit which show relatively flat 
pattern (La/Yb)N=1.34-1.61. The LREE 
segments of basalts from the EN unit are 
relatively fractionated as well (La/Sm)N=1.62-
2.07 comparing to basalts from the DK unit  
(La/Sm)N=1.11-1.40. 
The chondrite-normalized REE patterns of 
andesite from the EN unit (Fig. 6d)                
(La/Yb)N=15.39 show more enrichment in the 
LREE comparing to andesites from DK unit 
(La/Yb)N=6.87-10.91. Steeper LREE patterns of 
andesites from EN and DK units show relative 
to mainly flat HREE. The LREE segments of 
andesite from the DK unit are relatively 
fractionated as well (La/Sm)N=2.64-4.62.  
The chondrite-normalized REE patterns of 
rhyolite dykes from EN unit and rhyolites from 
DK show (Fig. 6f) similar and significant 
enrichment (La/Yb)N=5.47-8.24 in the LREE 

relative to the relatively flat HREE. The LREE 
segments rhyolites from DK unit are relatively 
fractionated as well (La/Sm)N=2.73-4.50 
comparing to rhyolite dykes from EN unit     
(La/Sm)N=3.10-3.67. Depletion of Eu only 
observed in samples of rhyolite dykes in the EN 
unit. 
 
Sr and Nd isotopes 
The Sm-Nd isotopic data for 8 samples are listed 
in Table 3, and the initial ɛNd-values are 
compared with published data of the adjacent 
similar Carboniferous volcanic formations in the 
CAOB. The initial ɛNd-values for two basalts 
(samples of E99, E110) from EN unit were 
estimated based on U-Pb age of andesite 
(sample E100A) from EN unit and they exhibit a 
spectrum of initial ɛNd-values from ca. +1.9 to 
+4.3 (Fig. 7) with initial (87Sr/86Sr)359 ratio of 
0.704158-0.704332 and initial 143Nd/144Nd359 
ratios from 0.512272 to 0.512393. They have 
Neoproterozoic two-stage Nd depleted mantle 
model ages of 0.732-0.918 Ga. The basalt 
sample E110 from Lower Devonian Ulgii 
Formation reported for an age of ca. 410 Ma 
based on paleontological data (Togtokh et al., 
2020). The ɛNd-values for sample E110 
estimated based on age at 359 Ma (+4.3) and at 
ca. 410 Ma (+4.5) produced not a significant 
error. The  ages of respective ages for 360 Ma 
and ca. 410 Ma for sample E110 are 0.732 Ga 
and 0.752 Ga, respectively.  
The initial ɛNd-values for samples from the DK 
unit were estimated based on U-Pb ages of 
rhyolite (sample S84) and granite (sample S90) 
from the DK unit and they exhibit a spectrum of 
initial ɛNd-values from ca. +1.6 to +5.8 (Fig. 7). 
The initial ɛNd-values for basalt (S86C) from 
DK unit exhibit highest spectrum of an initial 
ɛNd-value of ca. +5.8 with initial (87Sr/86Sr)359 
ratio of 0.704754 and initial (143Nd/144Nd)359 

ratios from 0.512510. It has Neoproterozoic two
-stage Nd depleted mantle model ages of 0.589 
Ga. The ɛNd-values for andesites (sample E95) 
from DK unit exhibit also show spectrum of ca. 
from +1.6 (Fig. 7) with an initial (87Sr/86Sr)359 

ratio of 0.704939 and an initial (143Nd/144Nd)359 
ratio of 0.512295. It has Neoproterozoic two-
stage Nd depleted mantle model age of 0.919 
Ga. 
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The U-Pb age of 331 Ma obtained for rhyolite 
sample S84 from DK give (87Sr/86Sr)331 ratio of 
0.704448 and initial (143Nd/144Nd)359 ratio of 
0.512414. It is characterized by a positive ɛNd-
value of +3.9 (Fig. 7) and has Neoproterozoic  
age of 0.737 Ga. The granite sample S90 from 
DK unit gives (87Sr/86Sr)331 ratio of 0.703788 
and initial (143Nd/144Nd)359 ratio of 0.512329. It 
is characterized by a positive ɛNd-value of +2.3 
and has Neoproterozoic  age of 0.867 Ga.  
The U-Pb age of 301 Ma obtained for the 
rhyolite porphyry sample E100B from dyke 
cross-cutting andesite outcrop near sample 
E100A gives (87Sr/86Sr)331 ratio of 0.704209 and 
initial (143Nd/144Nd)359 ratio of 0.512385. It is 
characterized by a positive ɛNd-value of +2.6 
(Fig. 7) and has Neoproterozoic  age of 0.816 
Ga.  
 

DISCUSSION AND CONCLUSION 
Timing of magmatism 
Three episodes of magmatism can be recognized 
in the Edren range. The earliest episode of 
magmatism at c. 360 Ma is dated in the EN unit, 

whereas younger episode of magmatism at c. 
330 Ma was dated in the DK unit. The youngest 
episode of magmatism at c. 300 Ma dated in the 
EN unit as a formation of rhyolite porphyry 
dykes. Obtained ages of c. 360 Ma and c. 330 
Ma in this study are correspond with previously 
reported age ranges of arc-related volcanic rocks 
(c. 350-326 Ma; Nguyen et al., 2018) and 
plutonic rocks (c. 356-330 Ma; Yarmolyuk et 
al., 2008; Cai et al., 2014).  
 
Alteration effects 
The volcanic rocks from EN and DK units of the 
Edren range have been altered to various 
degrees based on the petrographic observation 
(Fig. 3) and some of the samples have high LOI 
(up to 4.09 wt%) (Table 1). Most of the 
incompatible elements such as Rb, Ba, K, and 
Cs are considered to be mobile during the 
metamorphic alteration (Hastie et al., 2007; 
Pearce and Cann, 1973). Therefore, in the 
discussion part, we used immobile elements 
such as REEs, Th, Nb, Ta, Y and Sr-Nd 
isotopes.  

Fig. 7. Neodymium evolution diagram of volcanic rocks in the Edren range;       : two-stage crustal model age. 
Previously published data (Helo et al., 2006; Batkhishig et al., 2010; Nguyen et al., 2018) of volcanic rocks from 
southern Mongolia were also plotted in a diagram.     
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Geotectonic environment and petrogenesis 
In the Th-Hf/3-Ta ternary plot of Wood (1980) 
basalts from EN and DK units fall in the Calc-
Alkaline Basalts (CAB) field (Fig. 8a). In the 
Zr/4-2Nb-Y discrimination diagram of 
Meschede (1986), basalts from EN and DK 
units plot into the fields D, suggesting volcanic-
arc basalts (Fig. 8b). One sample plotted outside 
of D field due to enrichment in Y. In the Nb/La-
La/Yb and Th/Nb-La/Yb binary plots of 
Hollocher et al. (2012), the clear compositional 
gap between basalts from EN and DK units 
(Figs. 8c and d). Basalts from EN unit plotted in 
the Continental arcs field, in contrast, basalts 
from DK unit closer to Oceanic arcs field. This 
gap between EN and DK basalts reflects in their 
geochemical character. Basalts from EN unit 
have lower Mg# values (27-42), MgO (2.20-
4.72 wt%), Cr (19-43 ppm), Ni (21-46 ppm) 
contents, and higher enrichment in Th (1.11-
3.07 ppm) and LREE than basalts from DK unit. 
In contrast, basalts from the DK unit have 
higher Mg# values (41-51), MgO (3.21-7.01 
wt%), Cr (260-408 ppm), Ni (128-144 ppm), 
lower content of Th (0.30-0.80 ppm). Both 
basalts from EN and DK have a flat pattern of 
HREE, but DK basalts less fractionated (La/
Yb=1.9-2.3) than EN basalts (La/Yb=4.7-5.7), 
close to MORB signature. Furthermore, both 
EN and DK basalts have relatively strong 
positive initial ɛNd-values (from ca. +1.9 to 
+5.8) which could reflect a direct contribution 
of mantle magma source in subduction zone 
(Fig. 7) (DePaolo, 1981; Jahn et al., 2000). 
Higher Th/Nb (0.6-1.2), U/Nb (0.3-0.5) and 
lower Nb/La (0.2-0.4) ratios for basalts from EN 
unit indicate subduction fluids input of magma 
source (Figs. 9a and b) (Hofmann, 1997; Wang 
et al., 2016). In contrast, for basalts from DK 
unit, lower Th/Nb (0.2-0.3), U/Nb (0.1-0.2) and 
higher Nb/La (0.5-0.6) ratios were defined. This 
indicates subduction fluids input to the basaltic 
magma source is much negligible. Furthermore, 
in the Th/Zr vs Th/Nb diagram (Fig. 9c) for 
mixing modelling, most of basalts from EN unit 
tend to along the mixing line between depleted 
mantle and sedimentary melt from the 
subducted slab (Tatsumi, 2001) except one 
sample, indicating source of mixing (within 10-
20% recycled crust). In other hand, basalts from 

DK unit has limited source of mixing (~10% 
UCC or ~5% recycled crust), comparing to 
basalts from EN unit (Fig. 9c). In the La/Yb vs 
Dy/Yb diagram (Fig. 9e), most of basalts from 
both EN and DK units are concentrated close to 
the trend of the partial melting of spinel 
peridotite facies from a relatively shallow source 
(Jung et al., 2006). In addition, basalts from EN 
and DK units plot mainly along with the trend of 
partial melting but not fractional crystallization 
on the La/Sm vs La diagram (Fig. 9d) (Allegre 
and Minster, 1978). All these above suggest that 
the geochemical characters of basalts and 
andesite from EN unit can be derived from 
partial melting of a contaminated mantle wedge. 
Whereas basalts from DK unit can be derived 
from partial melting of the relatively 
uncontaminated mantle wedge.  
Rhyolite from DK unit display a Volcanic Arc 
Granites (VAG) character in the Nb-Y binary 
diagram of Pearce et al. (1984) and Hf-Rb-Ta 
discrimination diagram (Harris et al., 1986) 
(Figs. 8e and f). The coeval (c. 330 Ma) 
rhyolites and granite from the DK unit display 
positive initial ɛNd-values (+3.9 and +2.3, 
respectively) different from interbedded basalt 
and andesite (+5.8 and +1.6, respectively) (Fig. 
7), suggesting a different magma source for 
them.  
The younger (c. 300 Ma) rhyolite porphyry dyke 
cross-cutting andesite developed in EN unit 
show positive ɛNd-value of +2.6 and 
Neoproterozoic  age of 0.816 Ga, similar with 
granite from the DK unit. Comparing to 
rhyolites from the DK unit, rhyolite porphyry 
dyke in the EN unit has chondrite‐normalized 
REE and NMORB‐normalized trace element 
patterns displaying more evidently negative Eu 
and Ti anomalies (Fig. 6). This indicates that 
fractional crystallization is dominated by 
plagioclase and Ti‐bearing minerals (e.g., rutile). 
In the Hf-Rb-Ta discrimination diagram (Harris 
et al., 1986), rhyolite porphyry dykes from EN 
unit plotted in the fields of group 3 (post-
collision granite) and within-plate granite (Fig. 
8f).  
 
Geodynamic implication 
The geodynamic setting of SW Mongolia can be 
characterized by from Early Neoproterozoic to 
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Late Paleozoic subduction-accretionary collage 
of metamorphic and magmatic zones from north 
to southward formed a juvenile crust (Buriánek 
et al., 2017, Kozlovsky et al., 2015; Krӧner et 
al., 2014; Jiang et al., 2017). Three main 
magmatic peak events (Cambrian, Devonian and 
Early Carboniferous) occurred by subduction of, 
steady oceanic retreating (Janoušek et al., 2018; 

Hanžl et al., 2016). The Cambrian event created 
the gigantic Ikh-Mongol Arc System (Janoušek 
et al., 2018) whose juvenile material was under 
thrusted beneath the Trans-Altai Zone during the 
Late Devonian-Early Carboniferous shortening 
period (Lehmann et al., 2010; Guy et al., 2014). 
Subsequently, a massive Devonian arc-type 

Fig. 8. Geotectonic discr imination diagrams for  volcanic and plutonic rocks from Edren range; (a) Th -Hf/3-Ta 
triangular plot of Wood (1980); CAB=Calc-Alkaline Basalts; IAT=Island-Arc Tholeiites; WPT=Within Plate 
Tholeiites; WPA=Within Plate Alkaline basalts; (b) Zr/4-2Nb-Y triangular plot of Meschede (1986) for basic rocks. 
AI-AII=Within Plate Alkaline basalts; B=P-type mid-ocean ridge basalts; C-D=Volcanic arc basalts; (c-d) La/Yb-Nb/
La and La/Yb-Th/Nb plots of Hollocher et al. (2012); (e) Nb-Y plot of Pearce et al. (1984); (f) Hf-Rb-Ta 
discrimination diagram (Harris et al., 1986). The symbols are the same as Fig. 5.  
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Fig. 9. Petrogenetic diagram for  the volcanic rocks from Edren range; (a and b) Nb/La -Th/Nb 
and Nb/La-U/Nb plots for basalts from Edren range. The trends suggest the source of arc basalts from 
the EN unit contains a hydrous component. (c) Mixing modelling Th/Zr versus Th/Nb diagram for a 
compositional range between depleted mantle source and recycled crustal substrate (d) La-La/Sm 
diagram of Allègre and Minster (1978); (e) Dy/Yb vs. La/Yb plots for basalts from Edren range. 
Trends of the spinel peridotite and garnet-peridotite facies in (e) are from (Jung et al., 2006). The 
symbols are the same as Fig. 5.   

magmatism developed within the Gobi-Altai 
Zone and Chinese Altai zones with a peak 
between 400 and 370 Ma, constrained by dating 
of arc-type gabbroid and granitoid (Cai et al., 
2011, 2015; Hanžl et al., 2016; Yuan et al., 
2007; Munkhtsengel et al., 2018). 
Trans-Altai zone considered to be built by Early 
Carboniferous arc volcanism (Cai et al., 2014; 

Nguyen et al., 2018) and Late Paleozoic back-
arc or rifting (Zhu et al., 2017; Yarmolyuk et al., 
2008). Two pulses of subduction related 
Mississippian volcanism, i.e. c. 360 Ma (EN 
unit) and c. 330 Ma (DK unit) can be recognized 
in the Edren range of Trans-Altai Zone. The first 
pulse of c. 360 Ma continental arc volcanism 
produced relatively contaminated basalt-
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Fig. 10. Schematic diagram showing the tectonic evolution of Edren range, Trans-Altai, SW Mongolia    
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andesite magma with lower initial ɛNd-values 
by subduction of the oceanic crust, developed 
on Devonian continental juvenile crust (Fig. 
10a). Following subduction, steady northward 
transition of volcanic arc had occurred. At c. 
330 Ma continuous subduction of oceanic crust 
produced basalt-andesite-rhyolite magma with 
higher ɛNd-values (Fig. 10b). During the c. 300 
Ma, rhyolite porphyry dykes developed in the 
EN unit by post-orogenic magmatism (Fig. 10c).     
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