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The Chayu area is located at the southeastern margin of the Qinghai-Tibet Plateau. This region was
considered to be in the southeastward extension of the Lhasa Block, bounded by Nujiang suture zone in
the north and Yarlung Zangbo suture zone in the south. The Demala Group complex, a set of high-grade
metamorphic gneisses widely distributed in the Chayu area, is known as the Precambrian metamorphic
basement of the Lhasa Block in the area. According to field-based investigations and microstructure
analysis, the Demala Group complex is considered to mainly consist of banded biotite plagiogneisses,
biotite quartzofeldspathic gneiss, granitic gneiss, amphibolite, mica schist, and quartz schist, with many
leucogranite veins. The zircon U-Pb ages of two granitic gneiss samples are 205 = 1 Ma and 218 = 1 Ma,
respectively, representing the ages of their protoliths. The zircons from two biotite plagiogneisses samples
show core-rim structures. The U-Pb ages of the cores are mainly 644 —446 Ma, 1213 -865 Ma, and
1780—-1400 Ma, reflecting the age characteristics of clastic zircons during sedimentation of the original
rocks. The U-Pb ages of the rims are from 203 + 2 Ma to 190 = 1 Ma, which represent the age of
metamorphism. The zircon U-Pb ages of one sample taken from the leucogranite veins that cut through
granitic gneiss foliation range from 24 Ma to 22 Ma, interpreted as the age of the anatexis in the Demala
Group complex. Biotite and muscovite separates were selected from the granitic gneiss, banded gneiss,
and leucogranite veins for “*Ar/*’ Ar dating. The plateau ages of three muscovite samples are 16.56 +0.21 Ma,
16.90 + 0.21 Ma, and 23.40 + 0.31 Ma, and the plateau ages of four biotite samples are 16.70 + 0.24 Ma,
16.14 £0.19 Ma, 15.88 + 0.20 Ma, and 14.39 £ 0.20 Ma. The mica Ar-Ar ages can reveal the exhumation
and cooling history of the Demala Group complex. Combined with the previous research results of the
Demala Group complex, the authors refer that the Demala Group complex should be a set of metamorphic
complex. The complex includes not only Precambrian basement metamorphic rock series, but also
Paleozoic sedimentary rock and Mesozoic granitic rock. Based on the deformation characteristics, the
authors concluded that two stages of the metamorphism and deformation can be revealed in the Demala
Group complex since the Mesozoic, namely Late Triassic-Early Jurassic (203 —190 Ma) and
Oligocene —Miocene (2414 Ma). The early stage of metamorphism (ranging from 203-190 Ma) was
related to the Late Triassic tectono-magmatism in the area. The anatexis and uplifting-exhumation of the
later stage (24 —14 Ma) were related to the shearing of the Jiali strike-slip fault zone. The Miocene
structures are response to the large-scale southeastward escape of crustal materials and block rotation in
Southeast Tibet after India-Eurasia collision.

©2021 China Geology Editorial Office.

1. Introduction

Yarlung Zangbo Suture Zone, the Lhasa Block is one of the
areas in the Qinghai-Tibet Plateau where the Precambrian

Situated between Bangong-Nujiang Suture Zone and  rocks are most extensively exposed (BGMRXR, 1993),

including the Nyaingentanglha (Li P, 1955; Hu DG et al.,
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2012) and Demala groups (Peng XJ et al., 1999; Dong YS et
al., 2011). The studies on the origin and early tectonic
evolution of the Lhasa Block have drawn wide attention in
recent years. However, whether or not these groups formed in
the Precambrian and their tectonic attributes are still in
dispute. For example, the Nyaingentanglha Group distributed
in the Nyaingentanglha Mountains and the western part of
Namtso area was once considered to be the most ancient
metamorphic basement in the Lhasa Block (Li P, 1955; Hu
DG et al., 2005; Zhang ZM et al., 2010, 2012a). However, its
exact age has not been clearly understood. The zircon U-Pb
ages of the orthogneiss in the Nyaingentanglha Group have
been reported to be 758—666 Ma (Zhang XZ et al., 2013),
787-748 Ma (Hu DG et al., 2005), 897—886 Ma (Zhang ZM
et al.,, 2012a), and ca. 925Ma (Hu PY et al., 2016). The
Cambrian metamorphic rhyolites, ranging from 536 Ma to
492 Ma, were aslo reported in Yongzhu and Nima areas (Hu
PY et al., 2013; Zhu DC et al., 2012; Pan XP et al., 2012;
Ding HX et al., 2015). These ages indicated that the
Nyaingentanglha Group can be a set of Precambrian rocks.
However, the composition of the Nyaingentanglha Group is
complicated, including oceanic crust or island arc origin
orthogneiss and volcanic rocks, and continental origin
paragneiss, quartzite and slate (Hu DG et al., 2003; Zhang XZ
et al., 2013; Hu PY et al., 2013; Zhu DC et al., 2012; Pan XP
et al., 2012). Therefore, the Precambrian tectonic evolution of
Lhasa block is very confused and needs to be studied more
deeply and systematically.

The Chayu area, located in the eastern part of the great
turn of Yarlung Zangbo River, is considered to be in the
southeastward extension of the Lhasa Block (Li YC et al.,
2018; Fig. la). In this area, the widely distributed high grade
metamorphic gneiss series of the Demala Group complex
were inferred as Precambrian metamorphic basement of the
Lhasa Block (Peng XJ et al., 1999; Dong YS et al., 2011).
The Demala Group complex was formerly known as
Precambrian Bomi gneiss (Li P, 1955), Bomi-Chayu complex
(BGMRXR, 1993), and Chayu Group (Luo JN, 1992). In the
1 2 200000 regional geological survey of Songleng and
Zhuwagen map sheets in 1995, the Sm-Nd ages of
2145.96—2264.06 Ma and 1524.46—1598.01 Ma and the Sm-
Nd isochron age of 2138 Ma were obtained. Accordingly, the
Paleo—Mesoproterozoic Mosetong Formation and Sheduo
Formation were newly established and combined into Demala
Group complex. In the subsequent 1 . 250000 regional survey
(GSITAR, 2007"), it was suggested that the Demala Group
complex is a set of medium-high grade metamorphic rock
series and composed of schist, leptynite, gneiss, amphibolite
and marble. The protoliths of the Demala Group complex are
a set of thick marine sedimentary rocks, including aluminum
rich clay rock, silicon rich argillaceous clastic rock and
carbonate rock. Dong Y'S et al. (2011) conducted zircon U-Pb
dating and biotite “°Ar/*’Ar dating of schists in the Demala

Group complex, indicating that the Demala Group complex
contains Paleozoic sedimentary rocks intruded by Mesozoic
magma. They were modified by metamorphism and
magmatism in the Cenozoic (Dong YS et al., 2011).

In this paper, the rock composition and structural
characteristics of the Demala Group complex were
investigated based on field structural and microstructural
analysis. LA-ICP-MS zircon U-Pb dating was used to the
gneisses of the Demala Group complex. Biotite and muscovite
were selected from deformed gneiss for “*Ar/*°Ar dating.

2. Geological setting
2.1. Regional tectonic framework

The geological frame of the Chayu area is shown in Fig.1b
and Fig.lc. As the key research object of this paper, the
Demala Group complex is distributed in a banded form in
NNW or nearly SN trending. It is comparative to the Nyingchi
Group to the west of the eastern Namche Barwa Syntaxis
towards the northwest (Dong X et al., 2009) and comparative
to Gaoligong Group in west Yunnan and the Mogok gneiss in
Burma towards the south (Tang Y et al., 2020). The
Neoproterozoic-Cambrian Bomi Group distributed along
Ranwu-Chayu area is a set of clastic rocks interbedded with
volcanic rocks, which underwent greenschist facies
metamorphism and fold deformation (Xie YW et al., 2007).
The sporadic Ordovician strata and banded Devonian strata
are a set of sedimentary caprocks dominated by limestone.
The Carboniferous-Permian  gravel-sand-bearing  slates
interbedded with a few volcanics are widely distributed in the
central part of the area. The Mesozoic-Early Tertiary strata
are mainly distributed along Nujiang River in the north or are
deposited along intermountain basins. Granite is widely
distributed in this area. All Early Mesozoic or Pre-Mesozoic
cap rocks and metamorphic rock series were intruded and
modified by these granitic rocks, which were the Meso-
Cenozoic intrusion (Chiu HY et al., 2009; Zhu DC et al, 2009;
Pan FB et al., 2012; Li HQ et al., 2012). In this region, it is
characterized by extensive strike-slip shear zones or faults,
such as the Parlung and Puqu strike-slip faults considered to
be branches of the Jiali fault (Fig. Ic; Lee HY et al., 2003; Lin
TH et al., 2009; Zhang B et al., 2020).

2.2. Characteristics of rock association in Demala Group
complex

Based on field-based investigations and microstructural
analysis, it can be concluded that the Demala Group complex
is mainly consisted of medium-high grade metamorphic rock
series, including gneiss, schist, amphibolite, leptynite and
marble.

The gneiss is featured by banded gneiss and biotite

®GS[TAR(Geological Survey Institute of Tibet Autonomous Region). 2007. 1 . 250000 regional geological survey report of

Chayu (Non public publications).
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monzogneiss, biotite plagiogneisses, biotite quartzofeldspathic
gneiss (Figs. 2a, c—h), as well as augen-like or gneissic
granitic gneiss (Figs. 2b, 1, j) in the Demala Group complex.
Its mineral constituents include plagioclase (28%—50%),
potash feldspar (0—50%), biotite (10%—30%), and quartz
(16%—25%). With strong migmatization, many leucogranite
veins have developed along or cutting through foliation (Figs.
2e—h). Gneissic foliation is generally in NNW strike, with a
high dip angle (about 40°-60°; Figs. 2a, c, d). Meanwhile,

9‘4°E

mineral lineation is formed by arranged minerals, including
mica, feldspar and quartz. The lineation is a dip direction of
130°-160° and a dip angle of 15°-30° (Fig. 1d). According to
the microscopic observation of the gneiss, the quartz and its
aggregates show polycrystalline ribbons or/and rectangular
monocrystal grains (Figs. 3a—f). Feldspar porphyroclasts
show bulging recrystallization on the rim (Figs. 3b, c, f), or
mosaic new grain aggregates (Figs. 3d, e). The micas develop
around feldspar porphyroclast (Figs. 3b, c, f) or are
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Fig. 1.

a—Schematic tectonic map of the Himalayas and southern Tibet (modified from Lee HY et al., 2003). b—Generalized geological map of

Chayu area. D.M—Demala metamorphic complex: Gneiss, schist; Pt;€B—Neoproterozoic-Cambrian Bomi group: Schist, meta sandstone, slate,
phyllite; C,P,lg—Upper Carboniferous—Permian Laigu group: Slate, sandstone, limestone; nyT;—Late Triassic monzogranite; nyK,—Late Creta-
ceous monzogranite; nyE,—Paleogene monzogranite; blue star, indicating sampling location. c—Simplified geological map of the Jiali fault zone,
Eastern Tibet (modified from Lee HY et al., 2003). d—Stereogram of the foliation (large circular arc) and mineral stretching lineation (black dot)

for observing sites along the cross-section Chayu-Shama.
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discontinuously arranged parallel to quartz ribbons (Figs. 3d,
e). S-C fabric and mica fish are well developed in the gneiss
(Fig. 3b), indicating that the rock experienced dextral shear.
The schist in the Demala Group complex mainly includes
two-mica schist, two-mica quartz schist, feldspar-biotite
schist, schist, with granular
lepidoblastic texture and flaky structure (Figs. 4a, b). Quartz,
mica and feldspar are the main minerals of the schists. The
amphibolite in the Demala Group complex exhibits medium-
fine columnar-granular crystalloblastic texture and of blocky

and hornblende-biotite

S: 68°£54°

L:130°£18° &
(g) R

or flaky structures (Fig. 4c). Its mineral assemblage consists
of hornblende (30%—40%), plagioclase (35%—50%), biotite
(2%—16%), quartz (0—3%), and potash feldspar (0—5%), with
diopside (0—12%) visible locally. The leptynite in the Demala
Group complex mainly includes biotite-monzonite leptynite
and biotite-plagioclase leptynite, with granular lepidoblastic
texture and blocky or weakly directional structures (Fig. 4d).
Its mineral assemblage consists of plagioclase (15%—75%),
potash feldspar (0—-50%), quartz (10%—30%), and biotite
(5%—15%). The marble of the Demala Group complex is of

Fig. 2. Outcrop structural characteristics of the Demala Group complex.
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fine-grained granular crystalloblastic texture and blocky or
striped structures. Its mineral constituents include calcite
(50%—80%) and quartz (10%—30%). Following a microscopic
observation, the mica minerals in two-mica schist are
directionally arranged, and the mica fish formed from
muscovite indicate dextral shear (Fig. 4a); S-C fabric
develops in the amphibolite (Fig. 4c), of which the foliation S
is formed from the directional arrangement of lenticular
hornblende porphyroclast, and the shears C are formed from
the directional arrangement of aggregates consisting of
acicular hornblende, flaky biotite, and granular plagioclase
that are newly generated owing to dynamic recrystallization.
The S-C fabric also indicates dextral shear.

3. Analytical methods
3.1. Zircon U-Pb dating

In this paper, five gneiss samples (17CY01, 17CY09-1,
17CY09-2, 17CY05-1, 17CY05-2; relative sampling locations
shown in Fig. 1b) were selected from Chayu-Shama section
for LA-ICP-MS zircon U-Pb dating. Zircons were separated at
the laboratory of the Hebei Institute of Regional Geological
and Mineral Resource Survey, The CL images of zircons were
taken in the Wuhan Sample Solution Analytical Technology
Co., Ltd. using the high-vacuum scanning electron
microscope (JSM-IT100) equipped with GATAN MINICL
system. The operating voltage was 10.0-13.0 kV and the

117CY09-2

Fig. 3.
BGR-bulging recrystallized feldspar.

Microstructural characteristics of gneiss in the Demala Group complex;

Fs—feldspar, Qz—quartz, Mus—muscovite, Bi—biotite,
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current of the tungsten filament was 80—85 pA.

Zircon U-Pb isotope dating and trace-element content
analysis were conducted by LA-ICP-MS in the Wuhan
Sample Solution Analytical Technology Co., Ltd at the same
time (see Zong KQ et al., 2017 for detailed instrument
parameters and analysis process). The GeolasPro laser
ablation system consisting of an excimer laser at 193 nm
wavelength (COMPexPro 102 ArF) and a MicroLas optical
system was used as the LA-ICP-MS laser ablation system.
Meanwhile, the Agilent 7700e ICP-MS was adopted for ICP-
MS. During laser ablation, helium was used as carrier and
argon as complemental air to regulate the sensitivity. They
were mixed via a T-shaped joint before entering ICP. The
laser ablation system was equipped with a signal smoothing
device (Hu ZC et al., 2015). The beam spot diameter and
frequency were 32 pum and 5 Hz, respectively. Zircon
reference material 91500 and glass reference material
NIST610 were taken as external reference materials for
fractionation correction of isotopes and trace elements,
respectively. Each time, the resolution-based analytical data
includes a blank signal of about 20-30 s and a sample signal
of 50 s. The analytical data processing (including selection of
sample signals and blank signals, correction of sensitivity drift
of instruments, calculation of element content, and the
calculation of U-Pb isotope ratio and ages) was carried out
off-line by ICPMSDataCal program (Liu YS et al., 2008,
2010). Isoplot/Ex_ver3 (Ludwig KR, 2003) was used to plot

the concordance line of U-Pb ages of the zircon samples and
to calculate the weighted average age.

3.2. Mica Ar-Ar dating

Biotite and muscovite were separated from metamorphic
rocks of the Demala Group complex for *°Ar/*?Ar dating. The
mineral separates were selected at the lab of Hebei Institute of
Regional Geological and Mineral Resource Survey and the
OAr°Ar  dating was carried out at the isotope
thermochronological lab of the Institute of Geology, Chinese
Academy of Geological Sciences. After ultrasonic cleaning,
the cleaned pure mineral samples (purity > 99%) were
encapsulated in quartz vials. This package was then placed
into a nuclear reactor and irradiated with neutrons. The
samples were irradiated in the Swimming Pool Reactor at the
Institute of Atomic Energy, Chinese Academy of Sciences.
Using channel B4, the reactor delivered a neutron flux of
about 26.5x10'? n/cmS. The total irradiation time was 1440
min and integral neutron flux was 2.29x1018 n /cm®
Meanwhile, a biotite reference sample ZBH-25 (132.7+ 1.2 Ma,
and 7.6% K) was irradiated with neutrons together as acontrol
sample.

A graphite furnace was used for step-heating of the
samples, during which the samples were heated for 10 min
and purified for 20 min for each temperature increment. Mass
spectrometry was carried out using a multicollector noble gas
mass spectrometer Helix MC, with 20 sets of data collected

Fig. 4.
Fs—feldspar, Qz—quartz, Mus—muscovite, Bi—biotite, Am-amphibole.

Microstructural characteristics of the Demala Group complex; a—mica schist, b—quartz schist, c—amphibolite, d—biotiteleptynite;
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for each peak value. Mass discrimination correction,
atmospheric argon correction, blank correction,
interfering isotope correction were conducted for all data after
they were regressed to the time zero values. The interfering
isotope correction factors produced in the process of neutron
irradiation were obtained by analyzing the irradiated K,SO,
and CaF, and they are (*°Ar/*’ Ar,) ¢, =0.0002398, (**Ar/*’ Ar),=
0.004782, and (*’Ar/”Ar,)c, =0.000806. Radioactive decay
correction was carried out for *’Ar and the *°K decay constant
115 5.543x1071% /a (Steiger RH et al., 1977). The plateau ages,
isochrone ages, and inverse isochrone ages were calculated
with the program Ar-Ar CALC (Anthony Koppers, v2.5.2,
2012), with errors within 2c. Detailed experimental processes
are stated in relevant articles (Chen W et al., 2006; Zhang Y
et al., 2000).

and

4. Samples and results
4.1. Zircon U-Pb dating

The sample 17CY01 was taken from banded biotite
quartzofeldspathic gneiss (Fig. 2a). According to the
microscopic observation of the sample, the quartz mainly
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appears as rectangular polycrystalline ribbons (Figs. 3a, b),
the feldspar is mainly xenomorphic granular in shape (Figs.
3a, b), and the biotite is flaky in shape and directionally
arranged (Fig. 3b). All these indicate that this set of rocks are
paragneiss and their protoliths may be a set of sedimentary
clastic rocks. The zircons from sample 17CY0l show an
ordinary automorphic degree and are long or short columnar
in shape. The CL images of the zircons indicate that all the
zircons have core-rim structure (Fig. 5a). The cores are
relatively wider, more than 60 pm generally. Some rims are
wide, about 30—40 pm (Fig. 5a), and others are narrow (Fig.
5b), less than 10 pm in general. The cores are highly
luminous. Some of them have no obvious texture, while
others have residual irregular oscillatory zoning. The rims are
weakly luminous, and most of them show regular oscillatory
zoning. The contact parts between the rims and the cores are
in the shapes of scraggly bays and saw-teeth. These structures
of the zircons indicate that the cores are the residual zircons in
the protolith unaffected by metamorphism, while the rims
were formed owing to later metamorphism. In this study, 20
zircon grains with wide rims were selected for dating (Fig.
5a), and 18 effective analysis points were obtained. The
content of Th and U is 24.4x10°-194.4x10° and 1409x
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Fig. 5. Cathodoluminescence (CL) images of representative zircons from the Sample 17CY01. a—zircons with wide rim dated 2°Pb/>*8U age
around 203 Ma; b—zircons with narrow rim. Circles with data indicate spots and ages of LA-ICP-MS dating. The diameters of the circles are

32um.
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10°-3914x10°°, respectively, indicating low Th content and Zheng YF, 2004). The 18 analytical points of the sample
high U content. Meanwhile, the mean Th/U ratio is 0.02 mostly fall on or near the U-Pb concordia curve (Fig. 6a).
(detailed data in supplementary Table S1; Fig. 6b), indicating Furthermore, the *°Pb/***U weighted mean age is 203 + 2 Ma
the characteristics of metamorphic zircons (Wu YB and (MSWD=3.6, n=18, Fig. 6a), representing the age of

10¢ -
024 | (@ 17CY01 (b)
1300
020 F
1100 10°
o 016F 900, 5
& . 2
fa) 0.036 + RS ~ 2
~ - 10
£oa2r 7 - =
0.034 +
008 F 50 0.032
0.030 | . 10
300, :
0.041 &~ 0.028 F 26pp/28U=203+2 Ma
i# oo, (MSWD-3.6, n-18 ¢ 17CYO01 (ca. 205 Ma)
100 . 0.026 ol.z‘o 024 ) 028 | ) ) ”CYOl. C300M
i 1 2 3 10 102 10° 104 10
27pp/235Y Ul(ng/g)
©) 17CY09-1 (d) 17CY09-1
020
1100 0.031'F
Mean=190+1 Ma
0.16F -
900, MSWD=0.14
(n=23)
0.030
2 o121 799 0.034 3
& Es 20541 Ma &
éf = (=13) gj
“0.08F 59 0.032 K
0.029
004k 300 0.030
1007 1804
0.028
0 1 1 Ol']z 0.028 1 1 186 I T
0 0.4 0.8 1.2 24 0.18 0.19 0.20 0.21 0.22 0.23
2()7Pb/235U 207Pb/235U
0.03651 (e) 17CY09-2 230 10*] ()
Mean=218+1 Ma
| MSWD=0.01
0.0355 (,=00) 103
2 C
$0.0345F ___._. /] a//an 5117 R A S - @
g s 1
] E
221
0.0335 219 10 ¢ 17CY09-1 (ca. 190 Ma)
210 217 *17CY09-1 (ca. 205 Ma)
- 17CY09-1 (>300 Ma)
°17CY09-2
0.0325 ' L 20, ' | L L
0.20 0.22 0.24 0.26 0.28 0.30 10 102 10 104 10°
27pp/235Y Ul(ng/e)

Fig. 6. a—Zircon U-Pb concordia diagrams of Sample 17CY01; b—content of Th and U and Th/U ratios of zircons from Sample 17CY01;
c—e—zircon U-Pb concordia diagrams of samples17CY09-1 and 17CY09-2; f—content of Th and U and Th/U ratios of zircons from samples

17CY09-1 and 17CY09-2.
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metamorphism of quartzofeldspathic gneiss. In addition, 40
zircon cores without fissures and obvious inclusions were
selected for dating, obtaining 30 effective analytical points,
and the isotope ratios and age results are shown in
supplementary Table S1 and Fig. 6a. Most of the analysis
points have high age concordance. The Th/U ratios are greater
than 0.1 (Fig. 6b), which shows the characteristics of
magmatic zircon. The ages determined fall within a wide
range of 2800—480 Ma and are mainly distributed in two
ranges, namely 850—480 Ma and 1300—1100 Ma. The ages,
beyond 1300 Ma, are distributed in a scattered manner,
representing the age characteristics of clastic zircons during
sedimentation of the protoliths.

The samples 17CY09-1 and 17CY09-2 were taken from
one outcrop with the lithology of banded gneiss. The dark
bands of the outcrop mainly consist of biotite granitic gneiss,
while the light ones mainly include quartzofeldspathic gneiss.
Furthermore, the quartzofeldspathic bands show flowage folds
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or rootless hook folds locally, whose axial-plane is parallel to
the foliation of gneiss (Figs. 2c, d). In this study, samples
were taken from both the light and dark bands. Among them,
the sample 17CY09-1 was taken from the light bands. It
mainly contains quartzofeldspathic
microscopic observation. The quartz in the sample appears as
monocrystalline ribbons or rectangular megacrystalline
ribbons, and the feldspar in the sample appears as
porphyroclasts or recrystallized new grains, with static triplets
visible. These indicate that the rocks in the sample
experienced static restoration and recrystallization at a high
temperature (Fig. 3e). The zircons of the sample have a high
degree of automorphism. Most of them are long columnar and
a few are short columnar. As shown in the CL images (Fig. 7),
most of the zircons have core-rim structure, with all rims
being weakly luminous. According to the characteristics of
cores and rims, the zircons of this sample can be classified
into two types: (1) The zircons composed of relict cores with
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Fig.7. Cathodoluminescence (CL) images of representative zircons from the Sample 17CY09-1. a—zircons dated **Pb/**3U age around 190 Ma;
b—zircons dated 2*Pb/**®U age around 205 Ma; c—zircons dated °°Pb/***U age older than 300 Ma. Circles with data indicate spots and ages of

LA-ICP-MS dating. The diameters of the circles are 32um.
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strong luminescence and metamorphic overgrowth rims (e.g.
the zircons at points Nos. 4, 5, 15, 16, 19, 20 and 23 in Fig. 7a);
(2) the zircons with transformed original part serving as the
rims and untransformed original part as the cores (e.g. zircons
at points Nos. 1, 2, and 9 in Fig. 7a and zircons in Fig. 7b).
Compared to the zircons of the first type, the zircons of the
second type are less luminous and show planar or fan-shaped
zoning or no zoning. They were formed possibly owing to
metamorphic recrystallization (Wu YB and Zheng YF, 2004).
In this paper, 24 zircons with wide rims were selected for
dating (Fig. 7a), obtaining 23 effective analytical points. The
content of Th and U is 70.1x1076-708.1x107® and 3336x
107-10652x107°, respectively, indicating low Th content and
high U content. Meanwhile, the mean Th/U ratio is 0.04
(supplementary  Table S1; Fig. 6f), indicating the
characteristics of metamorphic zircons (Wu YB and Zheng
YF, 2004). The 23 effective analytical points on zircon rims
of the sample 17CY09-1 mostly fall on or near the U-Pb
concordia curve (Fig. 6¢). The 2°°Pb/**8U weighted mean age
is 190 £ 1 Ma (MSWD=0.14, n=23; Fig. 6d), representing the
metamorphism age of the quartzofeldspathic gneiss. In
addition, some cores of zircon grains were selected for U-Pb
dating. A total of 48 effective analytical points were obtained
and most of them fall on or near the U-Pb concordia curve
(Fig. 6¢). Among them, 13 dating points are mainly around
205 Ma (Figs. 6¢, 7b). The contents of Th and U in these 13
zircons are 147x10°-619x10® and 235x107°-1387x107°
respectively (supplementary Table S1). The average Th/U
ratio is 1.04 (Fig. 6f), which indicates that these 13 zircons
have the characteristics of magmatic zircons (Wu YB and
Zheng YF, 2004). Meanwhile, their zircon 2°°Pb/***U
weighted mean age is 205 = 1 Ma (MSWD=0.03, n=13; the
right bottom corner of Fig. 6¢). The zircon U-Pb ages of the
remaining analytical points scatter in a wide range of
473-2696 Ma (Figs. 6¢, 7c; supplementary Table S1).

The sample 17CY09-2 was taken from the dark bands of
the banded gneiss. According to microscopic observation, it
mainly consists of minerals such as biotite, feldspar, and
quartz. The feldspar in the sample is porphyroclastic in shape
and the quartz appears as ribbons. Therefore, the protolith of
the sample should be a set of granite (Fig. 3f). The zircons of
the sample show an ordinary automorphic degree, generally in
the form of long columns with a long axis diameter of 120 pm.
As shown in the CL images (Fig. 8a), the zircons have no
core-rim structure and generally show planar zoning or no
zoning. Meanwhile, most of the zircons show narrow highly
bright bay-like corroded rims, indicating that they
experienced hydrothermal reaction (Wu YB and Zheng YF,
2004). For the 20 zircon checked points of the sample
17CY09-2, the contents of Th and U are 513x107%—3345x
107® and 401x107%-2411x107° respectively, and the mean
Th/U ratio is 1.28 (Fig. 6f; supplementary Table S2),
indicating the characteristics of magmatic zircons (Wu YB
and Zheng YF, 2004). The 21 analytical points of the sample
mostly fall on or nearby the U-Pb concordia curve (Fig. 6e).
The 2*°Pb/**U weighted mean age is 218 + 1 Ma (MSWD=
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Fig. 8. Cathodoluminescence (CL) images of representative zir-
cons from the samples 17CY09-2, 17CY05-1 and 17CY05-2. Circles
with data indicate spots and ages of LA-ICP-MS dating. The diamet-
ers of the circles are 32 pm.

0.01, n=20), which was interpreted as the crystallization age
of the protoliths of granitic gneiss in the complex.

The samples 17CY05-1 and 17CY05-2 were taken from
one outcrop (Fig. 2f). The lithology of the sample 17CY05-1
is characterized by grayish black granitic gneiss, with
foliation developing. According to microscopic observation,
the rocks of the sample 17CY05-1 show banded structure in
general, the quartz is mainly rectangular megacrystalline
ribbons, and the feldspar mainly appear as recrystallized neo-
grains with visible static triplet. All these indicate that the
sample experienced static recrystallization at a high
temperature (Fig. 3d). The zircon grains of the sample
17CY05-1 are mainly dark-yellow or colorless, with grease-
glass luster and good transparency. Most of them are
subhedral-euhedral, with a long-axis diameter of 80—120 pm.
As indicated by the CL image (Fig. 8b), the zircons show the
core-rim structure composed of highly luminescent inherited
core and magmatic oscillatory zoning. These characteristics
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indicate that zircons are not affected by the later deformation
metamorphism. The zones in the magmatic oscillatory zoning
without fissures and distinct inclusions were selected to obtain
analytical points (Fig. 8b). For the 14 zircon analytical points
of the sample 17CY05-1, the contents of Th and U are 88.5x
10°-864.5x107 and 614x107°-4131x107°, respectively, and
the mean Th/U ratio is 0.18 (supplementary Table S2),
indicating the characteristics of magmatic zircon (Wu YB and
Zheng YF, 2004). All of the 14 checked points fall on or near
by the U-Pb concordia curve (Fig. 9a), and the 2°°Pb/*%U
weighted mean age is 205 = 1 Ma (MSWD=0.01, »=14; Fig.
9a), which can represent the age of the protoliths of granitic
gneiss.

The sample 17CY05-2 was taken from a leucogranite vein
that cuts through the foliation of the granitic gneiss. Most
zircons of the sample show a high euhedral degree and are in
the shape of long columns. As shown in the CL image (Fig.
8c¢), the crystals in the sample are weakly luminous in general;
most of them show fog-like or spongy characteristics inside,
with the oscillatory zoning still visible on zircon rims. The
zones of zircon rims without fissures and obvious inclusions
were selected to obtain analytical points. For the 16 analytical
points of the sample, the contents of Th and U are
92x107°-5086x10"°and 4286x107°-56692x 10", respectively,
and the Th/U ratios are all less than 0.1 and mostly 0.02-0.04
(supplementary Table S2). Most of the 16 analytical points
fall on or nearby the U-Pb concordia curve (Fig. 9b) and the
205pb/238U ages of the sample are 20.6-26.7 Ma. Since the
206pp/238U ages range widely, their weighted mean age has
little scientific significance. However, the age distribution
histogram (Fig. 9b) is mainly 24-22 Ma. These zircon
characteristics are generally consistent with those of the
leucogranite veins in high-grade metamorphic rock areas and
migmatization areas formed owing to anatexis (Wu YB and
Zheng YF, 2004; Dong HW et al., 2014; Tang Y et al., 2016).
Therefore, the zircon U-Pb ages of 22—24 Ma represent the
anatexis age of the sample1 7CY05-2.
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4.2. Mica Ar-Ar dating

The detailed Ar-Ar dating results of micas through step-
heating experiments are shown in supplementary Table S3.

As for the sample 17CYO01, biotite separates were selected
for “*“Ar/*Ar dating. The total gas age is 16.63 Ma, and eight
steps from 760°C to 1180°C comprise a well-defined age
plateau (Fig. 10a). The plateau age is 16.70 £ 0.24 Ma,
corresponding to 92.3% of *°Ar release. The *°Ar/*’Ar-
3 Ar/*°Ar isochrone age is 16.68 + 0.38 Ma (Fig. 10b). The
initial “°Ar/*%Ar is 396.9 + 18.6 (MSWD=2.9), higher than
Nier value, indicating the presence of excess argon.
According to microscopic observation, the biotites in the
sample are oriented parallel to the gneissic foliation and the
stretching lineation of other minerals such as feldspar (Fig.
3b). This indicates that the biotites were formed as a result of
deformation and metamorphism at temperature about
550—650°C. As the closure temperatures for biotite Ar-Ar
isotopic systems is 320+£40°C (Harrison TM et al., 1985),
below the deformation temperature, the Ar-Ar age of biotites
record the exhumation and/or cooling event that the sample
17CY01 experienced. Biotites separated from the sample
17CY02 were chosen for *°Ar/*°Ar dating. The total gas age
is 16.12 Ma, and 10 steps from 720°C to 1150°C comprise a
well-defined age plateau (Fig. 10c). The plateau age is 16.14 =
0.19 Ma, corresponding to 99.3% of *’Ar release. The
OAr/*Ar-P Ar/*Ar isochrone age is 16.22 = 0.23 Ma (Fig.
10d). The initial “°Ar/®Ar is 286.4 = 159 (MSWD=I1.1),
comparable to Nier value, indicating that there is no excess
argon. The sample consists of granitic gneiss. As indicated by
hand specimen, the feldspar appears as augen porphyroclasts
and is discontinuously arranged to form gneissic foliation, and
the biotite aggregates are arranged parallel to the foliation
(Fig. 2b). This suggests that the biotite was formed in the
process of deformation at about 550°C. Because the closure
temperature of biotite is lower than the deformation
temperature, the Ar-Ar age results can reflect the exhumation
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Fig. 9. a—Zircon U-Pb concordia diagrams and 2*°Pb/***U weighted mean age of Sample 17CY05-1; b—zircon U-Pb concordia diagrams and

cumulative Gaussian plus histogram plots of Sample 17CY05-2.


http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://chinageology.cgs.cn/article/doi/10.31035/cg2021021?pageType=en
http://dx.doi.org/10.31035/cg2021021

88

and/or cooling event at temperature of 320+40°C after high
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temperature deformation of the rocks.

Both muscovites and biotites were separated from the
sample 17CY05-1 for Ar-Ar dating. The total gas age of
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muscovites is 16.64 Ma, and 10 steps from 800°C to 1400°C
comprise a well-defined age plateau (Fig. 10e). The plateau
age is 16.56 + 0.21 Ma, corresponding to 99.3% of *’Ar
release. The *°Ar/*°Ar-*?Ar/*°Ar isochrone age is 16.47 +
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Fig. 10. “Ar/*Ar plateau age and**Ar/**Ar-*Ar/*°Ar isochron age of biotite and muscovite from samples in the Demala Group complex.
WMA-weighted mean age; MSWD-mean square of weighted deviates.
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0.27 Ma (Fig. 10f). The initial “’Ar/°Ar is 300.2 + 8.1
(MSWD=3.1), slightly higher than Nier value, indicating the
presence of slightly excess argon. The total gas age of biotites
is 15.92 Ma, and nine steps from 750°C to 1140°C comprise a
well-defined age plateau (Fig. 10g). The plateau age is 15.88 +
0.20 Ma, corresponding to 99.4% of *’Ar release. The
O Ar/Ar-* Ar/*Arisochrone age is 15.85+0.24 Ma (Fig. 10h).
The initial “°Ar/°Ar is 298.0 + 104 (MSWD=L.8),
comparable to Nier value, indicating that there is no excess
argon. According to microscopic observation, the muscovites
and biotites in the sample are arranged in the direction
consistent with the gneissic foliation and the stretching
lineation of other minerals such as feldspar and quartz (Fig.
3d). This indicates that the muscovites and biotites were
formed as a result of deformation and metamorphism at the
temperature of 550—650°C. The closure temperatures for
muscovite and biotite Ar-Ar isotopic systems are 450+50°C
and 320+40°C, respectively (Harrison TM et al., 1985; Hames
WE and Bowring SA, 1994), lower than deformation
temperature of the sample. Therefore, the mica Ar-Ar ages of
the sample 17CY05-1 can reveal the exhumation and/or
cooling history of the rocks.

As for the sample 17CY05-2, the muscovites were
selected for *°Ar/?Ar dating. The total gas age is 16.88 Ma,
and 13 steps from 650°C to 1400°C comprise a well-defined
age plateau (Fig. 11a). The plateau age is 16.90 + 0.21 Ma,
corresponding to 100% of *Ar. The ¢Ar/*°Ar-*’Ar/*Ar
isochrone age is 16.92 = 0.25 Ma (Fig. 11b). The initial
OArOAr is 294.4 £ 6.3 (MSWD=2.4), comparable to Nier
value, indicating that there is no excess argon. The sample
17CY05-2 was taken from the leucogranite vein cutting
through the sample 17CY05-1 (Fig. 2f). The development of
muscovites was related to anatexis at high temperature above
700°C. Hence, the Ar-Ar age results represent the time when
the rocks were uplifted and cooled to a temperature of about
450+£50°C after anatexis.

Biotites separated from the sample 17CY06-1 were
chosen for *°Ar/*?Ar dating. The total gas age is 14.42 Ma,
and 11 steps from 650°C to 1160°C comprise a well-defined
age plateau (Fig. 11c). The plateau age is 14.39 + 0.20 Ma,
corresponding to 99.7% of *Ar release. The **Ar/**Ar-
I Ar/*Ar isochrone age is 14.41 + 0.23 Ma (Fig. 11d). The
initial “°Ar/*®Ar is 293.7 + 8.0 (MSWD=2.7), comparable to
Nier value, indicating that there is no excess argon. The
sample consists of granitic gneiss. As indicated by field
outcrops, the biotite aggregates are discontinuously arranged
along the gneissic foliation (Figs. 2i,j), indicating that the
development of biotites was related to metamorphism and
deformation at high temperature about 550—-650°C. The Ar-Ar
age of biotites represents the time when the rocks cooled to
320 + 40°C.

Muscovites were separated from the sample 17CY09-2 for
Ar-Ar dating. The total gas age is 24.08 Ma, and six steps
from 870°C to 1110°C comprise a well-defined age plateau
(Fig. 11e). The plateau age is 23.40 + 0.31 Ma, corresponding
to 76.0% of 3°Ar release. The *°Ar/*°Ar->?Ar/**Ar isochrone

age is 23.13 + 1.00 Ma (Fig. 11f). The initial 312.9 + 63.3
(MSWD=2.9), higher than Nier value, indicating the presence
of excess argon. According to microscopic observation, the
muscovite aggregates are arranged parallel to the gneissic
foliation and the stretching lineation of other minerals such as
feldspar and quartz (Fig. 3f). This indicates that the formation
of muscovites was the result of deformation and
metamorphism on the condition of 550—-650°C. Based on the
closure temperatures for muscovite Ar-Ar isotopic systems,
the Ar-Ar age indicates the time when the sample cooled to
450 + 50°C.

5. Discussion

5.1. Composition and ages of protoliths of the Demala Group
complex

The zircon U-Pb ages of the two granitic gneiss samples
in this paper are 218 + 1 Ma and 205 + 1 Ma each. Although
the samples have been modified by metamorphism and
deformation, the CL images of the most zircons still show the
characteristics of magmatic crystallization zoning. The zircon
Th/U ratios are greater than 0.1, indicating the characteristics
of magmatic zircons (Wu YB and Zheng YF, 2004). In terms
of microscopic structural features of the granitic gneiss, the
quartz in the granitic gneiss appears as polycrystalline
ribbons, and feldspar in the granitic gneiss is porphyroclastic
in shape and shows bulging and recrystallized new grains
(Figs. 3d, f). All these jointly reveal that the rocks mainly
deformed at medium temperatures (550—650°C, amphibolite
facies), below the diffusion and closure temperatures of Pb in
the zircons (ca. 900°C, Lee JK et al., 1997; Cherniak DJ and
Watson EB, 2000). Therefore, the deformation did not destroy
the U-Pb isotope system of the zircons, further indicating that
the U-Pb ages 218 + 1 Ma and 205 + 1 Ma of the granitic
gneiss samples can represent the magma crystallization age of
their protoliths (granite). In terms of the studies on Mesozoic-
Cenozoic granite ages in Chayu area, the ages previously
reported are mostly Late Jurassic-Early Cretaceous (153—
113 Ma) and the Paleocene (64—59 Ma) (Chiu HY et al.,
2009; Zhu DC et al., 2009; Pan FB et al., 2012), with no
reports on Early Mesozoic granite. Dong YS et al., (2011)
obtained the protolith age of 217 Ma from the biotite-
hornblende schist of the Demala Group complex and
interpreted that this age may represent the age of
intermediate-basic magmatism of Late Triassic in the area. In
this study, the granite emplacement age of 218205 Ma was
obtained, indicating again that Indosinian or Early Mesozoic
magmatic activities ever occurred in Chayu area. Previous
researchers have successively reported the ages of Indosinian
granodiorite or great numbers of Indosinian inherited zircons
in Luozha (Li C et al., 2003), Menba (He ZH et al., 2000),
Nanmulin (Chu MF et al., 2006) and Nyaingentanglha (Kapp
JLD et al., 2005) areas in the middle part of Lhasa Block and
taken them as the evidence of northward subduction of Neo-
Tethys Ocean in the Late Triassic. In recent years, Paleo-
Tethys high-pressure eclogites (Yang JS et al., 2007) and
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Indosinian collisional orogenic events (Li HQ et al., 2008,
2012; Li GM et al., 2020) were discovered in Sumdo area in
the middle part of Lhasa Block, revealing the presence of
Paleo-Tethys basin in Lhasa Block and new information about
collisional orogeny between southern and northern blocks.
Was the Late Triassic magmatism in the Chayu area related to
the northward subduction of the Neo-Tethys ocean plate or to
the subduction-collision orogeny of the Paleo-Tethys ocean
newly discovered in the Lhasa Block? Further study on
petrogeochemistry is needed.

The zircons from two samples of the banded biotite
quartzofeldspathic gneiss have core-rim structure. The cores
of zircon are not affected by metamorphism, which preserve
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the characteristics of zircons in protolith. The rims were
formed owing to later metamorphism. This is also revealed by
the Th and U content and Th/U ratios of the zircons. The rims
of zircon have relatively high U content, relatively low Th
content and low Th/U ratios (< 0.1) (Figs. 6b, f), showing the
characteristiccs of metamorphic zircons (Wu YB and Zheng
YF, 2004). Therefore, the U-Pb ages of zircon rims of the two
samples, i.e., 203 £ 2 Ma (17CY0l) and 190 + 1 Ma
(17CY09-1),
quartzofeldspathic gneiss. The Chayu area underwent Late
Triassic magmatic activities as mentioned above; therefore the
metamorphism during 203—190 Ma may be related to the
tectonic-magmatic activities in the same period. Since the

represent the metamorphism ages of the
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Fig. 11. “Ar/*Ar plateau age and**Ar/**Ar-*Ar/*°Ar isochron age of biotite and muscovite from samples in the Demala Group complex.

WMA-weightedmean age; MSWD-mean square of weighted deviates.
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protoliths of the banded biotite quartzofeldspathic gneiss are
clastic sedimentary rocks, the U-Pb age data of their zircon
cores can reflect the sedimentary time and provenance
information of the protoliths. In this paper, statistical analysis
was made for the detrital zircon ages of these two samples and
the U-Pb age data of detrital zircons from the biotite-quartz
gneiss of the Demala Group complex obtained by Dong Y'S et
al. (2011). As shown in the statistic histogram (Fig. 12), the
detrital zircon ages are distributed in the range of 3284-314
Ma (n=94) and the ages of several youngest zircons are
mainly 391-314 Ma, indicating that the protoliths of this set
of paragneiss were deposited in the Early Carboniferous or
later. Meanwhile, the age distribution characteristics of the
detrital zircons can provide important constraints on
provenance areas. The detrital zircon ages of the Demala
Group complex mainly fall in a few age groups, namely
644—446 Ma (n=32), 1213—865 Ma (n=29), and 1780—1400 Ma
(n=10), which are common in the detrital zircons of the
Tethys-Himalayan sedimentary rock series (DeCelles PG et
al., 2000; Gehrels GE et al., 2003; Myrow PM et al., 2003).
According to the dating of detrital zircons in the Nyingchi
Group that lies to the west of the Nameche Barwa Syntaxis
(Dong X et al., 2009), the ages obtained are also distributed in
500—600 Ma and 900—1200 Ma. The 644—446 Ma age of
detrital zircons from the Demala Group complex is
comparable to the timing of the Pan-African orogeny in the
Gondwanaland (ca. 550 Ma), indicating that the Early
Paleozoic granites widely developed in the north margin of
the East Gondwanaland (520—490 Ma) may have provided a
large amount of detrital zircons as provenance (Xu ZQ et al.,
2005; Zhang ZM et al., 2008, 2012b; Dong X et al., 2010;
Wang XX et al., 2012; Zhu DC et al., 2012). In contrast, the
ages 1213—865 Ma records the Greenville movement of the
East Gondwanaland (ca. 1100 Ma). In addition, the zircons
from the sample 17CY09-1 yield a set of ages of around 205
Ma. Meanwhile, these zircons are mostly magmatic zircons
with a high euhedral degree. Given the presence of magmatic
intrusion of around 205 Ma in the area, the ages (ca. 205 Ma)
may be unrelated to the rocks in the provenance but are
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Fig. 12. Frequency plot diagram of the detrital zircon U-Pb ages of
the Demala Group complex.

probably related to magmatic activities in the same period.

5.2. Deformation age of the Demala Group complex and its
implications for regional geology

A series of leucogranite veins (Figs. 2e¢—h) have
developed in the gneiss of the Demala Group complex. Some
of them are parallel to the foliation of gneiss (Fig. ¢), and
some of them cut through the foliation (Figs. 2f, h). The veins
vary in width, from ca. 10 cm to up to ca. 2 m. Some of the
veins extend regularly along with the gneissic foliation, while
others extend shortly and wedge out. They show no intrusive
relation with host rocks, without baked or chilled edge. It can
be observed that they encapsulate host rocks locally. In terms
of mineral composition, they mainly consist of feldspar and
quartz, as well as a small quantity of muscovite. As shown
from the zircon CL image of the leucogranite vein sample
(17CY05-2), their zircons are weakly luminous in general
(Fig. 8c), which is probably because of the low Th content
and high U content (Keay S et al., 2001; Rubatto D, 2002; Wu
YB and Zheng YF, 2004). In terms of the inner structural
characteristics of the zircons, most zircon crystals show fog-
like or spongy inside, with the oscillatory zoning texture still
visible on zircon rims. In terms of trace elements, the zircons
of the leucogranite veins generally show low Th/U ratios (<
0.05; Table S2), while the zircons of the host rocks
(orthogneiss) have relatively high Th/U ratios. All these
indicate that the zircons in the leucogranite vein sample
17CY05-2 were formed owing to anatexis, further proving
that the anatexis in the Demala Group complex mainly
occurred in 22—24 Ma.

The plateau ages of three muscovite samples in this paper
are 16.56 = 0.21 Ma, 16.90 = 0.21 Ma, and 23.40 = 0.31 Ma,
and the plateau ages of four biotite samples are 16.70+0.24 Ma,
16.14 + 0.19 Ma, 15.88 £ 0.20 Ma, and 14.39 + 0.20 Ma.
According to microscopic observation, these mica minerals
either develop around feldspar porphyroclasts (Figs. 3b, c, f)
or are arranged parallel to quartz ribbons (Figs. 3d, e).
Besides, some mica minerals develop in the shape of mica
fish (Fig. 3b), serving as an indicator of dextral shear.
therefore, the development of mica minerals were due to the
deformation at medium to high temperature (550—650°C,
amphibolite facies), which is higher than the -closure
temperatures for muscovite and biotite Ar-Ar isotopic systems
(450 £ 50°C and 320 + 40°C respectively; Harrison TM et al.,
1985; Hames WE and Bowring SA, 1994). The Ar-Ar age
results reveal that the time when the Demala Group complex
was exhumated from the deep crust and cooled to the
temperature of 320+40°C, is about 16—14 Ma.

As indicated by previous research data, the Cenozoic
intracontinental deformation in Chayu area is mainly
characterized by the development of a series of strike-slip
shear faults in NW-SE strike. Among them, the Parlung and
Puqu strike-slip faults are considered to be branches of Jiali
fault zone (Lee HY et al., 2003), which is one of the most
important strike-slip faults in the southern part of Qinghai-
Tibet Plateau. The development of the Jiali fault zone was
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directly affected by the large-scale southeastward escape of
crustal materials and block rotation in the area from the
Jinsha, Lancang, and Nujiang rivers in eastern Tibet to
Indochina region after the India-Eurasia collision (Tapponnier
P et al., 1986, 1990; Lee TY et al., 1994; Chen HH et al.,
1995; Sato K et al., 1999, 2001; Qiu RZ et al., 2018). As
shown by previous tectono-thermochronology data, the
dextral ductile-brittle shear in the Jiali fault zone started at ca.
24 Ma and lasted to ca. 12 Ma (Lee HY et al., 2003; Lin TH
et al., 2009; Zhang B et al., 2020), coinciding with the ages of
anatexis and subsequent uplifting-exhumation in the Demala
Group complex. In summary, the anatexis and uplifting-
exhumation of the Demala Group complex in Chayu area
since the Cenozoic (24—14 Ma) are related to the shearing in
Jiali strike-slip fault zone, and serve as tectonic response to
the large-scale southeastward escape of crustal materials and
block rotation in southeastern Tibet after the India-Eurasia
collision.

6. Conclusions

(i) The Demala Group complex should be a set of
metamorphic complexes. Besides Precambrian basement
metamorphic rock series, the protoliths of the Demala Group
complex also include Paleozoic sedimentary rocks and
Mesozoic granitic rocks. Meanwhile, owing to the
deformation and metamorphism during the Late Mesozoic-
Cenozoic, the protoliths were modified and appear as present
gneiss-schist.

(i) According to zircon U-Pb dating in this paper, the
zircon U-Pb ages of two granitic gneiss samples are 218+
1 Ma and 20541 Ma, representing the magmatic
crystallization ages of granite and indicating that the Late
Triassic magmatic activities occurred in Chayu area.

(ii1) Considering the data of two samples taken from the
banded biotite quartzofeldspathic gneiss as well as previous
data, the detrital zircon ages of the protoliths of the paragneiss
in the Demala Group complex indicate that this set of
paragneisses were deposited in the Early Carboniferous or
later. Furthermore, the detrital zircon ages of 644—446 Ma and
1213-865 Ma can be the records of the Pan-African orogeny
in the Gondwanaland (ca. 550 Ma) and the Greenville
movement of the East Gondwanaland (ca. 1100 Ma),
respectively.

(iv) As indicated by the U-Pb ages of the zircons of
metamorphism genesis and the **Ar/*’Ar chronological data
of mica minerals, two stages of the metamorphism and
deformation can be revealed in the Demala Group complex
since the Mesozoic, namely Late Triassic-Early Jurassic
(203-190 Ma) and Oligocene-Miocene (24—14 Ma). The early
stage of metamorphism was related to the Late Triassic
tectono-magmatism in the area. In contrast, the anatexis and
uplifting-exhumation of the late stage (24-14 Ma) were
related to the shearing of the Jiali strike-slip fault zone.
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