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ABSTRACT

There is great controversy with the closure timeBahgong Lake-Nujiang Tethys Oceanfor a long titvedetailed
petrological, geochemical and zircon U-Pb datingtbé Tuanjiedaban intermediate acid intrusive ro@ksWestern
Qiangtang Basin have been undertaken in this papee. results show that the samples of the Tuarji@dantermediate
acid intrusive rocks are characterized by highcsihi (SiQ is 57.56% -72.35%), rich alkali g© + N&O contents of
5.43% -10.41%), and peraluminous (A / CNK value$.6f1.51). The intrusive belongs to high potassoae alkaline I-
type granite. The trace elements of samples areclesd in Rb, Th, U, K and other large ion lithoghiélements, but
relatively depleted in Nb, Ta, Ti, and other higdld strength elements. Light rare earth is enridhend there is a weak
negative Eu anomaly’ § EU is 0.15-0.45), indicating that due to the sulithrccollision island arc tectonic environment,
the subsidence of the ocean crust lithosphere érgg) the underplating of mantle derived magma, agmmied by the
melting of part of the crust. Zircon U-Pb datingsudts show that their formation ages are 12073899 Ma, 122.52.0
Ma and 125.7£2.1 Ma respectively, belonging to the middle artd Barly Cretaceous, which is basically consistgith
the formation time of Dongcuo, Zhongcang and duglmtks on Bangong Lake Nujiang magmatic arc laelt they are
the products of Bangong Lake Nujiang Tethys ocegrdwction collision. This study provides new caaists for

understanding the tectono magmatic evolution ofgdaiy Lake Nujiang junction zone.
KEYWORDS:Zircon U-Pb Age Tectonic Environment Tuandaban Réaks Bangonghu Nujiang Junction Zone
INTRODUCTION

The Qiangtang Basin located in the northern pathefBangonghu Nujiang junction zone, which is asged with the
subduction-closure of the Paleo-New Tethys Oceatoméc belt. It has experienced complex tectoniengés (Huang,
2001). In the early and middle Jurassic, the BaghgarNujiang Tethys Ocean began to rift and formao@evolcanic arc
basalt in 220-189 Ma, indicating the basin expamgidge environment (Wu et al., 2018). The stabl@ine strata
indicates that the Bangong Lake-Nujiang Ocean Bawsitie Middle Jurassic became stable from actiyi§ong et al.,
2019) which is widely distributed in the combination zozwed on both sides of the Renduo Formation, Maliradion,

Sangalamian Formation, as well as the Shagiaommd&tan in South Qiangtang and Jiebuqu FormatiothénMiddle
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Jurassic. In the middle and late Jurassic, the &amd.ake-Nujiang Tethys Ocean began to subductgral., 2018).
From the late Jurassic to the early Cretaceoesalved into the residual basin represented byithestone of the Tukari
Formation and developed the Zap-Dobuza magmati@adcthe Anglonggangri-Bango magmatic arc on thehseide
(Geng et al., 2015). The formation of the magmatizrecorded the process of subduction, meltingugveelling of the
oceanic crust on the edge of the continental (latet al., 2014). In recent years, a number ofimafoderately acidic
magmatic rocks have been found in Dongcuo (Ché,e2@21) in the south of Qiangtang, Dugur arethannorth of Gize
County (Liu et al., 2018), Xiabiecuo (Wang et 2021) in the north of Nima, Maierze (Fan et al.1&0) Zhongcang (Fan
et al., 2014), and Duolong (Li et al., 2016), anelit zircon ages are between 127 and 100 Ma, itidgctehat the Bangong
Lake-Nujiang Ocean subducts southward and northwissdh result, a wedge-shaped accretionary bodet(lal., 2011)
was formed in the southern margin of the South @&amg Block. A large number of intermediate-acidgmatic activities

formed the tectonic-magmatic arc in the westerticeof the Bangonghu Nujiang (Zhu et al., 2015).
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1. Loose deposits Wlth S|It sand and gravel anﬁlhlu formation: conglomerate mixed with limestand
gypsum salt; 3. First segment of Kangtuo formatmmglomerate, pebbly sandstone; 4. First segnfent o
Abushan formation: multicomponent conglomerate ealdareous fine sandstone; 5. Jiburia
formation:calcareous slate and limestone; 6. Rigano formation: arenaceous limestone mixed with
micrite limestone; 7. Third of Longgeformaton: niiedimestone, bioclastic limestone; 8. Qudi
formation:quartzite, slate, phyllite and sandstéheGray White Granodiorite Porphyry; 10. lightrsked
granite porphyry; 11. porphyritic monzogranite; bitite hornblende granodiorite; 13. quartz deyrit4.
fine grained diorite; 15. quartz monzodiorite; frfonzogranite; 17. quartz diorite; 18. gabbro; a8ltf/
zircon sampling point; 20. location of study area

Figure 1: Location and Regional Geological Map oftte Study Area, Location of Study Area (a.
Modified after Duan et al.,2020) and Regional Geotsical Map, (b. Modified after Zhao et I., 2015).
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The survey of 1: 50 000 Maierze and other five aagl geological ( Zhao et al., 2015 ) show thangdiorite,
monzogranite and other neutral-acid deep-seatadsine rocks are widely distributed in the Tuangibdn area of
southern Qiangtang. In addition, there are veia-bkcurrences of shallow-formed granite porphyrgngdiorite porphyry
and other intrusive bodies ( Figl ).In recent yearsimportant Duolong ore concentration area énBangonghuNujiang
metallogenic belt has been found in the southdasieostudy area ( Li et al., 2013Sun, et al., 2017 ; li et al., 2016 ). The
porphyry Cu-Au deposit was found in Qingcaosham angtside the Duolong ore concentration area ( gletral., 2018 ).
Its ore-bearing granodiorite porphyry and grandtBowere formed between 118 Ma and 130 Ma, witlhicalpisland arc
magmatic characteristics (Zhou et al., 2013; Zhetreg., 2018 ).The above studies have greatly ingtdhe research heat
on the metallogenic geological background of porphgeposits in the South Qiangtang Basin. Do thenigg diorite
porphyry, granite porphyry and other rock bodiepased in the Tuanjiedaban area have similar meggtiic geological
background with many other places? In this papethe basis of regional investigation, the petrmaband geochemical
characteristics of intermediate-acid magmatic raok¥uanjiedaban area are studied in detail. Tmepéas are collected
for zircon U-Pb isotope dating. The tectonic enwirent of the rock mass in the region is discusadit;h provides age

basis for the study of metallogenic geological fgmokind in the region.
REGIONAL GEOLOGY

The study area is located in the northwest of G@iaenty in Tibet. The tectonic position belongghe Qiangtang block
(Fig. 1). The Paleozoic Permian Qudi Formation,( in the area is composed of fine sandstone, qsaridstone, quartz
siltstone and calcareous slate in feldspar quaittich is generally shallow shelf sedimentary enwiment. The lithology

of the Jilongge Formation £ is mainly dark gray medium-thick layered micribéoclastic limestone and micrite
limestone. It has fault contact with underlyingasir Qudi formation. The Upper Triassic Rigan Diam&@rmation (Fr)

of the Mesozoic Erathem is composed of light gregygmedium-to-thick layered sandy lithic limestométh
microcrystalline limestone, which is in fault cootavith the underlying Longge Formation and in greged contact with
the upper Jurassic Jipuriya Formation. JurassiariJgp Formation (1Jyj) is composed of dark gray calcareous sandstone
and silty slate interbedded with limestone and tmmgrate. The above sedimentary assemblages reflecpassive
continental margin environment. The rocks suffenfrunbalanced regional metamorphism. The passingtinemtal
compression environment characteristics are readany places in the South Qiangtang Basin (Zhab.,e2015; Liang et
al., 2017). The Cretaceous Abushan Formatiga)ié a combination of purple-red, dark-red medidmck layered coarse
sandstone and fine sandstone, with gray-white gypsalt layer locally. The upper part is brown-reghdstone
interbedded with gray-white medium-thin calcaresilistone. The sedimentary environment is the rethases formation

in the intermountain basin, which has angular ufamwonity contact with the underlying strata, andrthe covered by the
Kangtuo Formation angular unconformity. Paleogerndfuo Formation ( IE) is the red molasses assemblage in the
intermountain basin. Neogene Suonahu Formations{N§ a carbonate-clastic rock association. Quatgrig loose

accumulation of intermountain basin (Zhao et 415).

The magmatic rocks in the area are mainly interateekcid intrusive bodies in Cretaceous, mainlydpoed by
stock, dike and etc. Lithology has acid granitepbgry, monzonitic granite porphyry, granodioriterpayry and other
shallow facies. The lithology of the plutonic iréfons are porphyritic monzogranite, granodioritegnaogranite and
diorite (Zhao et al., 2015). Its spatial distriloutiis shown in Fig 1.

| Impact Factor(JCC): 5.9366 — This article can be dowatted fromwww.impactjournals.us




| 14 Zhao Shouren, Chen Haixia, Chen Lingkg & Zhu Leyi |

Near east-west fault structure constitutes the retmirctural pattern of the survey area, which &sfitst stage of
fault structure in the survey area. According te thutting relationship between geological bodies farmation age is
about Late Jurassic. NE-trending and NW-trendingit§éaare mainly characterized by reverse faults &adslational
faults, forming later than EW-trending faults abthe late Late Cretaceous. The north-south fauibtsdeveloped, which

has tensile characteristics. The formation agel&ively late ( Zhao et al., 2015 ).
SAMPLE COLLECTION AND ANALYSIS

In this paper, a total of 45 rock slice samplessilitates, rare earths and major or trace elemant 3 zircon samples
were collected from rock masses with differentdidgy such as Tuanjiedaban granodiorite, graniteplpgy and

granodiorite porphyry.

Rock slice samples are completed by Xi ' an Min®asources Supervision and Testing Center of Minist
Land and Resources. The analysis of silicate, @arth and major trace elements was completed bth&est Geological
and Metallurgy Test. Silicate analysis using lithimetaborate melting, followed by X-ray fluoresoergpectrometry
(XRF). The detection limit is 0.01-100 %. The sfiecinalysis method is shown in the literature (leial., 2008). Rare
earth and trace elements were melted with lithiuratalmorate and then quantitatively analyzed by pdasnass

spectrometer. The detection limit was 0.01-1000 .ppine test steps are shown in the literature (ZH3 ).

LA-ICP-MS zircon U-Pb dating samples were sortechbgvy liquid and magnetic methods in the laboyatdr
Hebei Provincial Institute of Regional Geologicalr&y. Target preparation and cathode luminescéDtimages were
completed in the Institute of Geology in Chinesead&my of Geological Sciences. In situ U-Th-Pb ipmt@nalysis of
zircons by transmission and reflection light ansklaplasma mass spectrometer (LA-ICP-MS) was peddrat the State
Key Laboratory of Geological Processes and MinBedources in China University of Geosciences (WuhBine laser
ablation system is GeolLas 2005 and the ICP-MS i&Ag7500a. Zircon ages are calculated using fatgonal standard
zirconium 91500 as the external standard, and douprto Andersen (2002) methodis corrected . Adeutation and
harmonic diagram drawing are mainly completed tgplst program. The detailed analysis process isvehim the
literature ( Liu et al., 2010; Wang et al., 201 dt al., 2018 ).

RESULT AND DISCUSSION
Petrological Characteristics

In this study, the main lithology of rock mass eoted in Tuanjiedaban is granodiorite, quartz mditrde,
monzogranite, diorite, porphyritic monzogranitelaoite diorite, granodiorite porphyry and granitphyry (Zhao et al.,
2015). Among them, the granite diorite have thgdat distribution area (Fig. 1b)which is mainly eged in Tuanjiedaban
and its periphery. The fine-grained diori#() is mostly distributed in the edge of coarse aretlimnm-grained biotite
hornblende granodioriteydK,). There is a gradual influx-intrusive contact tielaship between them. Fine-grained
monzogranitesyK,) and light-grey medium-fine-grained quartz diotifeK;) are mostly distributed as small rock beads,
which are intruded into the Permian Longge Fornmatiad have pulsating intrusive contact with coansglium-grained
biotite hornblende granodioriterdK;).The hypabyssal intrusive rocks are mainly inahgdigranite porphyry »gK,),
monzogranite porphyryyzK,) and granodiorite porphyrydzK,). There are various types of porphyry are mostinv

like intrusive granite diorite rocks. This papelesetwo types of characteristic lithology as fel
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The rock is gray-white, coarse and medium-graineahite and block structure of Coarse and mediurmgca
biotite hornblende dioritey§K1) (Fig2). The rocks are mainly composed of platise, quartz, potassium feldspar,
hornblende, biotite, epidote, apatite, zircon, sighand metal minerals. Quartz, plagioclase, pofsispar, hornblende
and other dark minerals respectly accounts fouaB8 % 43 %, 15 % and 13 % of the total mineral. The sdaon

mineral has much sphene, followed by apatite.

a| N CS e b RS “  _|
Figure 2: Field Photographs(a) and Microphotograph=f the Coarse Medium Grained Biotite Hornblende
Granodiorite(b) (Q- quartz; PI- plagioclase; Kfs- Potassium feldspar; Am- Amphibole; Bi- Biotite; Px-
pyroxene)

The plagioclase is mostly semi-automorphic latle-liig.2b). Most of which have particle sizes 003L.
mmx2.00mm-2.57 mmx3.72mm. Some have length anded@antess than 2.00 mm, but less than 20 % of dked t
plagioclase. Potash feldspar is partly slate-colamd partly heteromorphic (Fig.2b) .The particleesis generally larger
than that of plagioclase. The phenomenon of wraptiiat plagioclase is wrapped or partially wrappedmall number of
Cass double crystals are visible, which are ortisxl Quartz is its crystal. The general particte & 2.00mm-5.00mm.
Some are less than 2.00mm or greater than 5.00rhen.nTaximum particle size is 8.00mm. The amphibslenostly
columnar. Some are irregular (Fig.2b). Most of dodumns are about 2.00 mmx5.00 mm. A few are reh¢be3.00

mmx7.00 mm.

Granodiorite porphyryy9zK,): Field investigation shows that the rock is sgigrweathered. The surface outcrop
is broken (Fig.3a). The rock is grayish-white, pgtcstructure, massive structure, and the matrix haso-crystalline
structure. The rock is composed of phenocryst aattixa The phenocryst accounts for about 38 % efttital volume of
the rock and the matrix accounts for about 62 9%.86). The main characteristics of the rock are tha matrix has a
micro-crystalline structure and the alteration, eesplly strong sericitization. The phenocrysts arainly plagioclase,
followed by quartz, potash feldspar, chlorite hWtand amphibole. Quartz is about 21 % of the tpteénocrysts.
Plagioclase is about 87 % of the total plagiocld&eack mica, hornblende have been chloritizatidncdn see a small
number of visible residual crystal. Matrix is maintomposed of feldspar, quartz, sericite, calcithlorite and etc.

Accessory minerals are titanite and zircon.
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Figure 3: Field Photographs(a) and Microphotograph=of the GranodoriePorphyry(b) (Q-quartzi Kfs-
Potassiumfeldspar; Pl-plagioclase; Am- Amphibole).

Geochemical Characteristics of Rocks
Major Element Analyses

The petrochemistry constant components of intrusbaks in the study area are shown in Table 1CIBW standard

minerals and main parameters are shown in Tablé@ average SiO

Table 1: Analytical Results of Major Elements of Ealy Cretaceous Intrusive Rocks

Sample No. Rock name Si0;, | ALO; | Fe,04 FeO Ca0 | Mg0O | K,0 | Na,0O | TiO, | P,O; | MnO | LOI H,0 Cco,

102 102 102 102 102 102 102 102 102 102 102 102 102 102

PM002-1GS2 quartz diorite 63.50 | 1578 240 256 5.14 20 322 280 | 0529 | 0.143 | 0105 127 0.122 | 0.187
PM002-1GS3 homblende granodiorite 6390 | 1582 240 253 5.00 205 304 290 | 0528 | 0.140 | 0.116 123 0.298 | 0.191
PMO002-2GSI monzogranite 7201 | 1445 119 0.790 222 0562 | 4.60 3.00 | 0222 | 0.068 | 0.054 | 0.810 | 0314 | 0119
PM0024GS1 granite porphyry 7235 | 1349 0.260 0.490 158 0.622 7.05 200 | 0227 | 0119 | 0.019 144 0358 | 0345
PM003-2GS2 | granite porphyrygranite porphyry | 66.79 | 1521 203 182 363 146 4.07 294 | 0438 | 0118 | 0085 107 0410 | 0454
PM003-5GS1 tonalite 6274 | 1586 272 256 548 227 299 293 0522 | 0146 | 0116 130 0302 | 0390
ED306-GS1 diorite 3882 | 16.83 0350 1.82 642 293 8129 212 0478 | 0.142 | 0.068 1.59 0286 | 0573
ED312-GS1 quartz diorite 63.82 | 1536 233 205 5.94 2.14 288 296 | 0513 | 0139 | 0.057 125 0325 | 0233
ED315-GS1 quartz monzodiorite 6461 | 1644 122 248 4.66 152 319 315 0417 | 0105 | 0.054 177 0357 | 0223
GD313-GS1 Amphibole monzodiorite 6336 | 16.10 3.01 229 495 181 288 282 0675 | 0.191 | 0.100 139 0347 | 0138
HD229-GS1 Homblende granodiorite 3756 | 16.03 2384 432 6.14 283 269 274 0.72 0.19 0.16 3.19 029 039
Average 64.50 | 1536 1.887 | 2.1554 | 4.650 18 4.081 276 | 0479 | 0136 | 0.085 | 1.482 | 0328 | 0295

Table 2: CIPW Standard Mineral Calculation and Characteristic Parameters of Early Cretaceous Intrusive
Rocks

CIPW Standard Mineral Content (wt%) Characteristic Parameter

Q C Or Ab An Di(FS) | Di(MS) | Hy(MS) | Hy(FS) | Ol(MS) | OLFS) | Mt il Ap DI AR sI & | AICNK
PMO002-1GS2 | 21.52 | 0.00 |19.738|24.133[ 21364 | 0.771 2.171 4.092 1.667 | 0.00 [ 0.00 |3.544|1.024|0.338 |65.031|0.188 |15402|1.768| 0.90
PMO002-1GS3 | 22.042 | 0.00 |18.255(24.928(21.509 | 0.568 1.657 4.42 1.739 [ 0.00 | 0.00 |3.535|1.018|0.329 |65.225/1.798 | 15867 | 1.688 | 092
PMO002-2GSI |31.726 | 0.668 |27.415(25.597| 10,657 | 0.00 0.00 1412 0.203 | 0.00 | 0.00 1.74 | 0426 | 0.16 |84.738/2.262 | 5.541 | 1.991| 103
PM002-4GS1 | 30.15 | 0.00 |42.425/17.236| 7.133 | 0.008 0.039 1.558 0347 | 000 | 000 |0384|0439| 028 |89.811]4.0007| 5968 [2.791| 098
PMO03-2GS2 |24.543 | 0.00 |24.295|25233|16.516| 0.161 0612 3405 1.03 0.00 000 |2985|0843|0278 |73.171|2.185 |11.850|2.066| 0.96
PMO03-5GS1 |20.115 | 0.00 |17971|25.216|21.651| 0877 315 4289 137 0.00 0.00 401 (1009|0343 |63.302(1.768 | 16852 |1.775| 0.88
ED306-GS1 | 0.055 | 0.00 |49.845|18.252|12.134| 3438 | 12.044 | 1.844 0.604 | 0.00 | 0.00 |0.516[0.923|0.336 |68.161|2.621 |18.891|6.850| 0.70
ED312-GS1 |21.609 | 0.00 |17.297|25.453|21.005| 0971 5398 | 2915 0.601 | 0.00 | 0.00 |3.433| 099 | 0327 |64.359|1.746 | 17.313 | 1.638| 083
ED315-GS1 [21.486| 0.00 |19.265|27.238|21.768 | 0.387 0.568 3.605 2.818 [ 000 | 0.00 |1.808]|0.809|0.248 |67.989/1.859|13.149(1.860| 096
GD313-GS1 [23.353 | 0.00 |17.333|24.302|23.186 | 0.058 0377 | 4416 0.773 | 0.00 | 0.00 |4.445|1.305|0452 |64.988)1.743 | 14.130| 1.596| 096
HD229-GS81 |14.116 | 0.00 |16.523|24.099| 24416 | 1.786 3.076 5.90 393 000 | 000 | 428 |1421|0456 |54.738|1649 |18353[2.025| 086

Average  [0.974 | 0.67 |24.578|23.790|18.304 | 0.820 2.645 3441 1371 [ 000 | 0.00 | 2.79 |0.928 [0.290 $9.228|1.983 | 13.93§8 | 2.368 | 0.89

Sample No.
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Content of intrusive rocks is 64.50 %. The tot&hdilcontent KO + NgO is 6.84 %. The average® / NgO is
1.48. The contents of FeO (2.16 %), MgO (1.84 %) @a0 (4.65 %) are slightly higher. The contentbO; (15.60 %)
is also higher. The content of® (0.14 %) is within the range of typical island amagma (< 0.25 %). Quartz Q appears
in standard minerals and corundum molecule C & fHine CIPW standard mineral assemblage is Q + Ab + Or + Di
+ Hy. The average differentiation index DI is 69.ZBe average consolidation index is 13.94, inthgathat the degree of
crystallization differentiation of magma is highh& average alkalinity AR is 1.93. A/ CNK is mohan 1.1, varying from
1.2 to 1.51, which is metaaluminous with an averaig&.38. The Ritman index is 2.37, belonging to the Pacific calc-
alkaline rock series. In the Si©K,0 diagram of rock mass (Fig.4), the vast majorftgamples fall into the high-K calc-
alkaline rock series. In the A-F-M diagram of gtar(iFig.5), all samples fall into the high-K cal&aline series, which is

consistent with the rock series reflected by thgrfRen index. They are all calc-alkaline series sck

T : Potassic basaltic rock serie
6L - High potassium calcium alkaline series
II: Calcium alkaline series

g [V: Tholeiitic series
2 4} A
M B : A
3L
2L o

- I
1L
L IV
(| eSS I 1 1 1 A I I

40 45 50 55 60 65 70 75 80
Sio,

Figure 4: Diagrams of SiQ-K,0 for Intrusive Rocks in the Study Area (from Peccéillo et al.,1976).

/”,
-

,/

-
//
A

TH: Tholeiitic series
CA: Calcium alkaline series

F M

Figure 5: Diagrams of A-F-M for Intrusive Rocks inthe Study Area (from Papu and Philip,1989).
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Rock Characteristics of Trace and Rare Earth Elemets

The abundance of rare earth elements and traceeetenm the early Cretaceous intrusive rocks instineey area can be
respectively seen in Table 3 and Table 4. Theearth element content of intrusive rocks is medwith an average total
YREE of 152.56x10. LREE / HREE is average of 3.15. It indicates ttia light rare earth has a high fractionation
degreesd Eu is average of 0.28. It has weak negative Eunahg suggesting that the source region has a deginee of

separation and crystallization or plagioclase resa& the source region during partial melting ([Fepet al., 1993).

Table 3: Analytical Results of REE of Samples fronthe Early Cretaceous Intrusive Rocks

sample No. Rare Earth Element Content (10%) Characteristic parameter
La | Ce Pr Nd | 8m | Tb | Gd Eu Dy Ho Er Tm | Yb | Lu | Y | IREE | LREEHREE | 3Eu
PMO02-1XT2 | 282 | 47.0 | 645 | 205 | 387 |064] 369 | 113 | 394 | 082 | 253 | 044 | 281 | 043 | 234 | 14693 2.70 0.299
PMO02-1XT3 | 342 | 67.1 | 658 | 209 378 |064| 366 | 1.14 | 390 | 082 | 246 | 044 | 286 | 041 | 21.0 | 17058 3.60 0.306
PM002-2XTI | 29.0 | 585 | 532 | 154 | 251 |038| 252 | 081 | 217 | 045 | 136 | 023 | 163 | 024 | 135 | 13629| 451 0322
PMO02-4XT1 | 252 | 436 | 477 | 140 [ 238 (033|225 | 106 | 179 | 035 | 104 | 018 | 131 | 018 | 104 | 11024| 473 0458
PMO03-2XT2 | 418 | 966 | 917 | 264 | 438 |065| 423 | 074 | 416 | 083 | 263 | 048 | 345 | 051 | 23.8 [22195| 418 0.168
PM003-5XT1 | 27.7 | 560 | 578 | 18.8 | 344 |058] 331 | 101 | 350 | 071 | 219 | 036 | 235 | 034 | 202 | 14732| 326 0.299
ED306-XT1 | 228 | 442 | 596 | 194 [3.70 |061| 357 | 125 | 378 | 077 | 235 | 041 | 272 | 041 | 197 [13592| 252 0.344
ED312-XT1 | 268 | 463 | 591 | 198 |3.86 (065|363 | 1.13 | 401 | 082 | 246 | 044 | 278 | 042 | 211 | 14147| 276 0.302
ED315-XT1 | 224 | 442 | 534 | 174 328 (055|325 | 105 | 325 | 066 | 337 | 034 | 225 | 033 | 178 [12617| 2388 0.324
GD313-XT1 | 313 | 672 | 738 | 246 | 475 |080| 461 | 135 | 461 | 101 | 492 | 050 |3.18 | 048 | 256 | 18209| 3.0 0.171
HD229-XT1 | 307 | 569 | 625 | 255|454 |070| 470 | 125 | 470 | 077 | 367 | 034 | 296 | 037 | 179 | 15807| 3388 0.152
Average | 291 |57.06| 627 |2025|368 .59 | 166 | 108 | 366 | 073 | 357 | 037 | 258 | 038 |1949|15256| 315 0.286
Table 4: Analytical Results of Trace Elements of Saples from the Early Cretaceous Intrusive Rocks
Sample No. Trace Element Content (10
Rb |Pb |Zn [Cr |Ni |[Co |W | Mo |Bi S |Ba |[Nb [Ta |[Zr |Hf |Sn |Ag |Au U Th
PM002-1WL2 | 424 | 10.1 | 382|348 | 496 | 972 | 0.41 | 039| 0.057 | 416 | 540 | 158 | 194 | 114 | 3.60 | 1.73 | 0.032 | 0.00108 | 10 | 122
PM002-1WL3 | 5.16 | 13.0 | 48.6 | 144 | 470 | 843 | 0.56 | 030 | 0.062 | 419 | 539 | 13.7| 148 | 107 | 3.58 | 136 | 0.036 | 0.00108 | 13 | 12.0
PMO02-2WLI | 742| 13.0 | 283 | 23.5 | 1.67 | 2.92| 044 | 032 0.055 [ 333 | 701 | 170 | 1.66 | 124 | 419 | 1.11| 0.047 | 0.00054 | 22 | 13.
PM002-4WL1 | 160 | 156 | 15.1| 102 | 1.90 | 124 | 2.18 | 044 | 0.074 | 312 | 920 | 576 | 0.70 | 89.4 | 3.66 | 0.51 | 0.063 | 0.00151 | 1.5 | 154
PM003-2WL2 | 327|176 | 282|155 | 244 270 | 2.02 | 083 | 0.15 | 208 | 356 | 172|270 | 110 | 412 | 126 | 0.063 | 0.00211 | 2.5 | 42.0
PM003-SWL1 | 349 | 14.8 | 41.8| 106 | 472 | 10.1| 046 | 031 ] 0.10 | 470 | 594 | 13.8| 137 | 116 | 3.90 | 147 | 0.063 | 0.00155 | 1.76 | 11.1
ED306-WL1 | 744|178 |28.0 | 184 |65 | 422| 146|100 0.18 | 497 | 780 | 9.32 | 0.84 | 104 | 4.10 | 3.12| 0.079 | 0.0178 | 506 | 114
ED312-WL1 | 6.36 | 104 | 21.5 | 264 | 6.00 | 6.62 | 0.56 | 027 | 0.077 | 458 | 448 | 156 | 165 | 127 | 3.72 | 1.26 | 0.054 | 0.00234 | 2.18 | 14.0
ED315-WL1 | 7.68 | 14.1 | 38.8 | 12.8 | 3.97 | 6.50 | 0.57 | 1.04 | 0.074 | 524 | 554 | 11.8 | 1.08 | 135 | 431 | 1.70 | 0.050 | 0.00129 | 2.56 | 10.8
GD313-WL1 | 9.66 | 157 | 46.2 | 947 | 348 | 6.14 | 1.19 | 035 | 0.11 | 421 | 450 | 17.0 | 1.79 | 132 | 430 | 1.84 | 0.056 | 0.00106 | 246 | 12.7
HD?229-WL1 | 107 | 17.1| 432|220 | 943 | 890 | 3.00 | 131 | 0.18 | 450 | 569 | 16.3 | 1.64 | 136 | 4.14 | 341 | 0.051 | 0.019 | 274 | 183
Average 260 | 145|344 | 180 | 452 6.13 | 1.16 | 0.59 | 0.10 | 410 | 586 | 13.9 | 1.51 | 117 | 3.97 | 1.71 | 0.054 | 0.00449 | 2.53 | 158
Rare earth distribution curve show that Fig 6) tlieve tilts to the right. Light rare earth is obwsoof high

fractionation. It belongs to earth enrichment tgbdight rare. Eu in local samples showed negatieegh anomaly and

loss. The heavy rare earth Gd-Lu element is ndlathand the fractionation is unknown.
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Figure 6: REE Distribution Patterns(a) and Spider Dagram of Trace Element Ratio (b) of
Intrusive Rocks in the Study Area (from Sun and Mc®nough, 1989).

It reflected as moderately partial melting or stilgrdifferentiated magmatic products (Wang et 2001). Large

ion lithophile elements Rb, Sr are lower than derirhe abundance of radioactive heating elemeatalao low.

The spider diagram of trace element ratio tiltedhi® right (Fig. 6), showing that Rb, Th, U and Klarge ion
incompatible elements (LILE) are significantly exfiméd The Nb, Ta and Ti of high field strength elatag HFSE) are

significantly depleted. It indicates the charadtéss of island arc magma (Wilson, 1989).
Zircon U-Pb Age

Zircons in granodiorite porphyry are pale yellowestess transparent. Zircon cathodoluminescencg {@age show that(
Fig 7) it is short columnar and high degree of-sbkipe, having typical magmatic shock ring, coratiaastructure and
grain between 100-2Q0m. In addition, residual crystals of gray-blackurohar inherited zircons can be found in some

zircons (Fig 7 b), which indicates that they arggmatic zircons (Bai et al., 2022).
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Figure 7: Cathodolumine Scence Images of Typical &jle-Crystal Zircons from the Granodiorite Porphyry.

In zircon dating, granodiorite porphyry, medium-mabiotite hornblende granodiorite and fine-grdimotite
hornblende diorite respectly have,187 and 11 measuring points. The U-Pb ages of tlee ttypes of rocks are shown in
Table 5, Table 6 and Table 7.

Table 5 shows that the 206Pb / 238U age of gramieliporphyry ranges from 117Ma to 124Ma. In th&RB /
238U-207Pb / 235U age harmonic diagram (Fig 8a&)dath points are distributed on the harmonic liflke weighted
average age is 120.33 0.99Ma (Fig 8b). Therefore, 120Ma can be usedhasctystallization age of granodiorite

porphyry and its formation age is Early Cretaceous.

Table 5: LA-ICP-MS Analytical Results for the U-PbAge Dating of Zircons from the Granodiorite Porphyry

wBA0* Isotopic Ratio Corrected for Ordinary Lead Isotopic Age Corrected for Common Lead Ma

Measuring Point ThU

Pb Th U WPh¥Ph | zle | WPHAFU | zle | MPBARU | le | ¥PhAYPb | zlo | WPHAFU | zlo | MPbARU | tle
PMO02-8TWI1-02 | 194 | 183 | 314 | 038 | 003515 | 0.00407 | 0.13948 | 0.00992 | 0.01880 | 0.00034 417 167 133 9 119 19
PMO02-8TWI-03 | 212 | 217 | 303 | 072 | 0.04914 | 0.00337 | 0.12586 | 0.00840 | 0.01889 | 0.00036 134 156 120 8 120 22
PMO02-8TWI-04 | 163 162 | 261 | 0.62 | 007168 | 0.00341) 017621 | 0.01386 | 0.01826 | 0.00040 976 134 163 12 121 23
PMO02-8TWI-03 | 271 | 262 | 433 | 061 | 003574 | 000333 | 0.14512 | 0.00823 | 0.01920 | 0.00031 443 133 138 7 17 23
PMOO2-8TWI-06 | 124 | 112 | 209 | 034 | 003122 | 000313 | 012631 | 0.01180 | 0.01846 | 0.00043 250 32 121 1 123 19
PMO002-8TW1-07 | 187 186 | 319 | 038 | 005205 | 0.00338 | 0.13815 | 0.00944 | 0.01902 | 0.00033 287 157 131 8 118 27

PMO002-8TWI1-08 | 133 135 | 219 | 061 0.06144 | 0.00486 | 0.15865 | 0.01277 | 0.01881 | 0.00038 634 170 150 1 121 21
PMO002-8TW1-10 | 251 225 | 323 | 070 | 003884 | 000738 | 0.14876 | 0.01647 | 0.01896 | 0.00037 361 276 142 15 120 24
PMO02-8TWI-11 | 117 107 | 182 ) 0.64 | 003826 | 0.00476| 013091 | 0.01193 | 0.01887 | 0.00043 339 130 143 1 120 28
PMO02-8TWI-12 ] 143 131 | 239 | 033 007110 | 0.00495 | 0.18190 | 0.00230 | 0.01893 | 0.00039 961 144 170 1 121 23
PMO02-8TWI-13 | 202 182 | 300 | 061 0.06485 | 0.00486 | 0.17641 | 0.01333 ) 0.01943 | 0.00033 769 133 163 12 124 22
PMO002-8TW1-14 | 211 201 | 308 | 065 0.05929 | 0.00518 | 0.14961 | 0.01119 | 0.01937 | 0.00037 589 195 142 10 124 23
PMO002-8TW1-15 | 197 189 | 296 | 0.64 | 0.05080 | 0.00402 | 0.12992 | 0.00996 | 0.01838 | 0.00034 232 183 124 9 119 21
PMO02-8TW1-16 | 176 175 | 297 | 059 | 006266 | 0.00516 | 0.15593 | 0.01228 | 0.01844 | 0.00035 698 178 147 11 118 22
PMO02-8TWI-17 | 127 128 | 245 | 032 | 005337 | 0.00421) 0.14344 | 0.01076 | 0.01882 | 0.00036 428 166 136 10 120 23
PMO02-8TWI-18 | 164 150 | 250 | 0.60 | 003221 ) 000472 0.12073 | 0.01139 | 0.01842 | 0.00038 203 207 124 10 118 24
PMO02-8TWI-19 | 200 179 | 207 | 060 | 005103 | 0.00497 | 0.12623 | 0.01139 | 0.0189%4 | 0.00039 243 27 121 10 121 23
PMO002-8TW1-20 | 144 143 | 261 | 033 0.04643 | 0.00471 | 0.11710 | 0.001123 | 0.01853 | 0.00034 20 235 112 10 118 21
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Figure 8: The Concordant Diagram of LA-ICP-MS U-PbAges (a) and Histogram of Weighted Ages
(b) of Zirconsfrom the Granodiorite Porphyry.

From Table 6, we can see that the 206Pb / 238Uo&geedium-grained biotite hornblende diorite isvixetn
119Ma and 127Ma. In the 206Pb / 238U-207Pb / 23§& learmonic diagram (Fig 9a), all data points as&iuted on

the harmonic line. The weighted average is 12250 (Fig 9b). Therefore, the crystallization agenwédium-grained
biotite hornblende granodiorite is 122.5 Ma.

Table 6: LA-ICP-MS Analytical Results for the U-Pb Age Dating of Zircons from the Medium Grained
Granodiorite

wB/10* Isotopic Ratio Corrected for Ordinary Lead Isotopic Age Corrected for Common Lead Ma

Measuring Point

Pb Th U | ThU | ¥Pb™Pb | =loc | ¥Pb2U | zlo | ®PB2U | zlo WPhMPb | 2lo | ¥PBENU | 1o | PPWEU | 2o
PMO002-1TW4-01 11 153 | 152 | 101 0.06817 | 0.00503 | 018097 | 0.01574 | 0.01922 | 0.00050 874 149 169 14 123 32
PMO02-1TW4-02 34 126 | 202 | 0.63 005547 | 0.0034% | 014084 | 0.00978 | 0.01364 | 0.00043 432 141 134 ] 119 23
PMO002-1TW4-03 13 111 ] 205 | 034 0.05276 | 0.00361 | 013632 | 0.00966 | 0.01920 | 0.00043 320 162 130 9 123 29
PMO02-1TW4-04 | 8.1 116 | 228 | 031 0.05064 | 0.00344 | 013497 | 0.00937 | 0.01965 | 0.00062 233 157 129 b 125 3.9
PMO02-1TW4-05 | 11.0 158 | 304 | 032 0.04821 | 0.00340 | 012615 | 0.00932 | 0.01968 | 0.00076 109 24 121 8 126 43
PMO02-1TW4-06 | 84 123 | 243 | 031 0.03474 | 0.00310 | 013730 | 0.00787 | 0.01878 | 0.00051 467 93 131 7 120 33
PMO02-1TW4-07 6.1 84 | 182 | 046 003832 | 0.00462 | 015226 | 0.01282 | 0.01%08 | 0.00070 387 168 144 11 122 44
PMO002-1TW4-08 13 103 | 214 | 048 005525 | 0.00357 | 013994 | 0.00918 | 0.01902 | 0.00033 433 144 133 8 121 33
PMO02-1TW4-09 | 153 | 282 | 329 | 0.86 005126 | 0.00347 | 013522 | 0.00923 | 0.01963 | 0.00069 254 183 129 8 125 44

PMO02-1TW4-100 | 42 36 141 | 040 007800 | 0.00607 | 0.19919 | 0.01706 | 0.01988 [ 0.00003 1150 178 184 14 127 6.2

PMOO2-ITWA-11 | 122 180 [ 345 | 032 004324 | 0.00398 | 0.12131 | 0.01002 | 0.01948 [ 0.00131 122 172 116 9 124 33

PMO002-1TW4-12 14 110 | 188 | 0.39 0.05743 | 0.00564 | 013607 | 0.01138 | 0.01928 | 0.00090 309 v 130 10 123 37

PMO002-1TW4-13 bR m 149 | 032 0.06633 | 0.00517 | 017270 | 0.01347 | 0.01937 | 0.00072 817 138 162 12 125 43
PMO02-1TW4-14 | 83 120 | 240 | 034 003914 | 0.00414 | 0.14841 | 0.01130 | 0.01900 [ 0.00073 in 132 141 10 121 43
PMO02-1TW4-13 2.0 1200 | 284 | 042 004364 | 0.00475 | 012321 | 0.01345 | 0.01934 [ 0.00117 132 2135 113 12 125 14
PMO02-1TW4-16 | 6.9 106 | 232 | 043 0.04716 | 0.00431 | 011626 | 0.01163 | 0.01979 | 0.00138 38 204 112 11 126 8.7

PMO02-1TW4-17 19 106 | 230 | 0.46 0.03370 | 0.00521 | 014038 | 0.01531 | 0.01%08 | 0.00113 367 220 134 14 122 12
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Figure 9: The Concordant Diagram of LA-ICP-MS U-PbAges (a) and Histogram of Weighted Ages
(b) of Zircons from the Medium Grained Granodiorite.

Similarly, from Table 7 and the 206Pb / 238U-207PB35U age harmonic diagram of medium-fine biotite

hornblende granodiorite (Fig. 10), its formatioreag 125.7 Ma.

Table 7: LA-ICP-MS Analytical Results for the U-Pb Age Dating of Zircons from the Fine Grained
Hornblende Biotite Granodiorite

wB/10% Isotopic Ratio Corrected for Ordinary Lead Isotopic Age Corrected for Common Lead Ma
Measuring Point
Pb Th U | Th/U | ¥"Pb2Ph xlo ATPp2ET zle 206Pp/ 23T zle WPHREPL | £lo | WPLAU | zlo | WPLAETU | tle
PM002-10TW1-01 | 131 | 199 | 345 | 038 0.05230 0.00342 [ 013779 0.00986 | 0.01937 (0.00063 298 150 131 9 124 40
PMO002-10TW1-02 | 116 | 172 | 301 | 037 0.04763 0.00304 [ 012482 0.00856 [ 001919 (0.00050 83 150 119 8 123 31
PM002-10TW1-03 | 9.9 | 149 | 259 | 0.58 0.03509 | 0.00346 | 0.14193 | 0.00903 | 0.01892 | 0.00045 417 108 135 g 121 29
PMO002-10TW1-04 6.1 57 | 148 | 039 0.08033 0.00700 [ 0.21734 0.02146 | 0.01994 0.00099 1206 168 200 18 127 6.2
PM002-10TW1-05 | 114 | 162 | 335 | 048 0.04930 | 0.00309 | 0.13783 | 0.00985 | 0.02015 | 0.00045 161 146 131 9 129 29
PM002-10TW1-06 | 11.0 | 168 | 258 | 0.65 0.03706 | 0.00364 | 0.13522 | 0.01074 | 0.01967 | 0.00049 494 141 147 9 126 31
PM002-10TW1-07 | 141 | 219 | 358 [ 061 0.03061 0.00290 | 0.13342 | 0.00879 | 0.02018 | 0.00080 233 131 127 8 129 3.0
PMO02-10TW1-08 | 100 | 126 | 261 | 048 0.05936 0.00459 [ 0.16365 001348 [ 002048 0.00055 589 136 154 12 131 35
PMO002-10TW1-09 92 139 | 250 | 0356 0.04796 000355 | 012647 0.01007 | 002018 0.00087 98 167 121 9 129 35
PM002-10TW1-10 47 65 | 181 | 036 (0.06096 001102 [ 012188 0.01209 [ 001964 (0.00194 639 398 117 11 125 123
PMO002-10TW1-11 | &7 | 132|230 | 057 0.07210 | 0.00666 | 0.18801 | 0.01621 | 0.01982 | 0.00074 989 189 175 14 127 46
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Figure 10: The Concordant Diagram of LA-ICP-MS U-Pbages (a) and Histogram of Weighted
Ages (b) of Zircons from the Fine Grained Hornblen@ Biotite Granodiorite.
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The above three groups of rock age data of graniteliporphyry (120 Ma), medium-sized biotite homiude
granodiorite (122.5 Ma) and fine-sized biotite Hiemde granodiorite (125.7 Ma) reflect that the Erm@ment age of

Tuanjiedaban rock mass is Early Cretaceous.
Petrogenesis and Tectonic Environment
Magma Characteristic of Source Region

Incompatible elements have similar distribution fiornts which are not affected by the separatiow crystallization.
The mantle-derived materials only have minimal gjesnin the partial melting process. Therefore, theyoften used to
indicate the characteristics of the source regien( et al., 2021). The large-ion lithophile eletseRb, Th, U and K in
Tuanjiedaban rock mass in the study area are obli@nriched. The highest value of Rb is 160%18nd the average
value is 26.02x18. The high field strength elements Nb and Ta ardoatsly depleted. The distribution characteristés
these trace elements show that the study areahkashfiracteristics of island arc magmatism (Wilst®89). On the
discriminant diagrams of Rb- (Y + Nb), Nb-Y, Ta-¥dmd Rb- (Yb + Ta) tectonic environment (Fig. 11p&Re et
al.,1984; Taylor and McLennan, 1985 ), most samfai#sn island-arc magmatic rock area. Only in tliscrimination of
Ta-Yb tectonic environment, two samples fall on ¢ldge of island arc magma respectively, which mdicate that some

magma formed from the melting of the crust in te Icollision (Defant and Drummond, 1990).
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Figure 11: Rb-(Y+Nb) (Fig 11a), Nb-Y (Fig 11b), Ta¥b (Fig 11c) and Rb-( Yb + Ta) (Fig 11d)
Discriminant Diagrams for the Tuanjiedaban Intrusive (Syn-COLG: Syn-Collision Granites; WPG:
within Plate Granites; ORG: Ocean Ridge Granites; VAG: Volcanic Arc Granites) (from the Pearce et
al.,1984).
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The Th/ Ta ratios in granodiorites range from 8@22.0, much higher than the mantle ratio (1PBIhf and O
'neill, 2014), indicating a clear genetic relatibipsbetween the rocks and the crust. The valuecatés that the Rb / Sr
ratio is small (the highest value is only one sargilout 0.51).Most of which are between 0.01 af@d.0rhe Eu of local
samples shows negative trough anomaly, indicatiatjihagma formation may be involved in mantle niatefPearce et
al.,, 1984; Wu et al.,1997). In addition, the dadkeced mineral inclusions in the intrusion also fioned that a certain

degree of crust-mantle contamination occurred duttie magma formation (Du et al., 1993; Duan et2813).

In summary, Tuanjiedaban intermediate-acid magnratiks have geochemical characteristics of arcartc
rocks. The distribution patterns of trace elemertd rare earths further confirm that the magmahis tegion has the
characteristics of island-arc magma. The plate sciieh leads to the addition of mantle-derived mials, and then crust-

mantle contamination occurs ( Song et al., 2019).
Petrogenesis

Petrochemical analysis of Tuanjieban rock mass shivat SiO2 is 57.56-72.35% (Table 1) with highasstum (KO
content 2.88-7.05%) and B@a+K,O content (content 5.7-10.41%). This high potassimmd alkaline granite O/
N&0(0.97-3.53) is a typical type | granite (Green @um 2002; Thego et al., 2019), which correspdndisland arc
type or post-collision granite. Howeveit may also inherit the environment from the ab®esirrces (Frost and Frost
2008). Apatite crystals and Si@ontent in magma are not affected by oxygen fugeand temperature, but inversely
related (Tollari et al. 2006). The crystallizatitamperature of Tuanjieban rock mass is mainly betwe00C and 950C,
which is the crystallization temperature conditiohintermediate-acid magma. The content gdfin middle rocks is
relatively low and at the same level (Chappell )99¢hich represents the strong crystallizationatiéhtiation of I-type
granite (Chappell and White,2001). In the calc-fleatholeiite series, when P is supersaturatedagmatic hydrothermal
solution, the increase ok®s content can only be caused by the increase ofdeatyre (Tollari et al. 2006). Therefore, the
SiO-P,0s diagram indirectly shows that Tuanjiedaban plusnot a single mantle-derived product of high-tenapure

melting and crystallization differentiation (Fig)12
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Figure 12: Diagrams of SiQ-P,0s, The Red Dotted Line Indicatesisotherm of the
P,Os,(from the Watson, 1982).
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The contents of trace elements Cr, Ni, Co and @uhagh. It accessory minerals are apatite and zir¢he A/
CNK value is mostly greater than 1.1 which belot@geraluminous. The distribution curve of raretieas right-angled
and smooth with weaking Eu negative anomaly. Ibbgsé to weak peraluminous calc-alkaline seriesteglobviously
negative anomalies of trace elements Nb, Ta arah@ipositive correlation between Y and Rb contalhpf which show
that the characteristics of I-type granite (Chabaedl White,2001;Li et al.,2006).

In the KO-N&O genetic discrimination diagram (Fig 13), most pke® of Tuanjiedaban rock
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Figure 13: Genetic Discrimination Diagram of K;0-Na,O, (from the Collins et al., 1982).

Mass fall into I-type granite area. Some of thethifdo S-type granite area. At present, many medelve been
proposed for the genesis of high-potassium calakiak peraluminous I-type granite: partial meltofgntermediate-basic
crust (Roberts and Clemens, 1993), recrystallinato melting of high-potassium basalt (Sisson et 2005), partial
melting of lower crust (Collins et al., 2016), timixture of crustal melt and residual magma melti$et® isotope and trace
element differentiation (Annen et al., 2006), thixtore of mantle and crustal components (Kemp gt24107), partial
melting or recrystallization of neutral igneouske¢Clemens et al., 20%1; Castro, 2018 . The A/CNK of the study area
is 1.0-1.51, which shows the characteristics ohhigtassium felsic Al-saturated I-type granite (&tual., 2020). The
genetic characteristics of this kind of rock maasehbeen confirmed in Bangonghu-Nujiang suture Zaviang et al.,
2021; Li et al., 2016).
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Tectonic Environment and Geological Significance
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Figure 14: Ce/Pb-Ce (Fig 14a), Nb /Th-Nb (Fig 14b)h /Ce-Th/Sm (Fig 14c) and Th/Yb-
Ta/Yb (Fig 14d) Discriminant Diagrams of Tuandabanlsland Arc Type Granite (a,b and d
from Boztug et al.2007; Primitive Mantle from Hofman 1988; Continental Crust,

MORB+O0IB and Island Arc Volcanic Rock from Schmidberger and Henger 1999; ¢ Shows
the Arrow Line Marked with Sediment Melt in the Figure is the Mixing Line between

Sediment Melt and Indian Ocean MORB Mantle, IndianOcean MORB from Rehkamper
and Hofmann 1997; GLOSS from Plank and Langmuir 198; FC and SZ Respectively

Represent Crystallization Separation and SubductiorZone in Fig 14d).

In the discrimination map of trace element tectamwironment (Fig 14), most of the samples falisiand arc
volcanic areas (Fig. 14a, b),which shows that thefigma source areas are consistent with islandr@oanic rocks,
indicating that they are from the partial meltirfigneantle wedge in subduction zone. The A/ CNK vakieostly greater
than 1.1, which belongs to peraluminous. It indisahat may be closely related to the crustal soand some samples
fall on the periphery of the island arc volcano. tha Th /Ce-Th /Sm ratio diagram (Fig 14c), thenfiemlaban rock mass
is mostly distributed along the mixing line of thelian Ocean MORB mantle and sediment melt, whicticates that the
mantle source area is metasomatized by the sedimelbtfrom subduction plate (Du et al., 1993) ane proportion of
sediment melt in the source area of different nmelsses is also different. The value indicatesttieak are two samples of
subduction sediments (GLOSS, Fig 14c) in Tuanjiadatwhose lithology is fine-grained hornblende ogdiarite and
granite porphyry (sample numbers are PM002-2WLIOBRA4WL1,Table 3, Table 4). Their Th contents resipely are
13.9X10-6 and 15.X10-6 . The contents of Sm respectively are X40-6 and 2.3& 10-6. Compared with the global
average of trace elements in subduction sedim@ht$91, Sm-5.78)(Plank and Langmuir,1998), it sholke enrichment
of Th and the loss of Sm.The value indicates thatet are two samples of subduction sediments (GL.®G&S14c) in

Tuanjiedaban, whose lithology is fine-grained héende granodiorite and granite porphyry (sample lpens are PM002-
2WLI/ PM002-4WL1,Table 3, Table 4). Their Th corteenespectively are 13:910° and 15.4<10°. The contents of Sm

respectively are 2.5110-6 and 2.3& 10-6. Compared with the global average of tracenelds in subduction sediments
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(Th-6.91, Sm-5.78) (Plank and Langmuir,1998), ibwh the enrichment of Th and the loss of Sm. Thevatanalysis
shows that in Tuanjiedaban pluton, melting and @mmation of part of the lower crust may result nmagma
crystallization differentiation (Collins et al., 26). Th /Yb-Ta /Yb ratio diagram (Fig 14d) showattthese magma have

the characteristics of continental margin arc. Gitystallization separation is not obvious.

According to the zircon U-Pb age, the formationetiaf Tuanjiedaban pluton is 120-125.7Ma, while npestple
think that the age of Bangonghu Nujiang Tethys @cbalirectional subduction and the late Lhasa-Qiamg plate
collision is 130-110Ma (Li et al., 2011; Duan et al., 2013; Li et al.,201&eng et al., 2020; Wang et al., 2021), which
shows that the activity of Tuanjiedaban rock massitied in the northwest of Qiangtang Basin refldutsclosing process
of Tethys Ocean. Although there is still a big comérsy about the closing time of Bangong Lake-ahgi Tethys Ocean,
the main controversy is the early Cretaceous ophi¢t-128Ma Jueweng ophiolite; Chen et al., 2006), Odstand
(~116Ma Zhongcang Ocean Island anti32Ma Dongcuoyang Island; Fan et al.,2014; Wara).£2016), semi-deep sea

sediments t~118Ma Zhaga Formation; Fan et al.,2015) and magnatiivities related to plate subduction (Wang et
al.,2020; Pan et al., 2020). Another view is tihat ¢losing time of Bangonghu Nujiang Tethys Oceaindm Late Jurassic
to Early Cretaceous, and its evidence is regiomatigraphic contact relationship, change of seditae facies, anatexic

granite and etc. (Kapp et al.,2007; Ma et al.,2017

The continental complex of the first member of Alirars Formation (K2al) of Late Cretaceous distributethe
study area, such as conglomerate and calcareaisdimdstone. It proves that the ocean basin wasctia this period and
entered the stage of intercontinental evolutioris Teature is also confirmed regionally (Wu et24119). The continuous
north-south collision and compression can leadrtestcthickening and local melting (Guynn et al.08(Bong et al.,
2019; Zhao et al.,2019). Granitic magmatic rocks in Tietgn restricted the evolution of Bangonghu-Nujiaudgure
zone in Cretaceous. In the middle and late Earbtd@eous, the Bangonghu Nujiang Tethys Ocean stdnjueduced,
collided and closed to the north. The ocean citistdphere is sank, causing the underplating oftieaterived magma,
accompanied by the melting of some crust. Theretbeetuanjie Daban magma activity was 120-125.7M@vealed the
closing process of Tethys Ocean and the north-galatk compression process.

CONCLUSIONS

« The Tuanjie Daban rock mass is mainly composedeepeormed intermediate-acid intrusive bodies asdall
amount of hypabyssal porphyry. The rock mass islgred by stock, dikes and etc. It has fine-mediuaing
structure, spot structure and block structure. kiisl of rock mass are unconformably covered byahgle of

the first member of the Abushan Formation ( K2&iate Cretaceous.

» Petrogeochemical analysis shows that this settefrirediate-acid intrusive rocks has high silicdoranum and
alkaline. The content of A/ CNK is more than Ib&longing to calc-alkaline series rocks. Trace elats)of Rb,
Th, U and K are significantly enriched. The Nb, dral Ti are significantly depleted. Heavy rare e&@tbbvious
of fractionation. Light rare earth is enriched. Elanomaly negative valley. The above show thatrtick mass

has island arc magmatic characteristics.
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Zircon U-Pb dating shows that the activity timetloé rock mass is 120-125.7 Ma, which belongs tontidzlle
and late Early Cretaceous. The magma source arebaimcterized by arc volcanic rocks, belonginchigh
potassium calc-alkaline per aluminous I-type geanithe Bangonghu Nujiang Tethys Ocean sub ducted an
collided northward. The subsidence of oceanic $iffieere caused the under plating of mantle-derivaginma. At

the same time, the melting of partial crust leth®formation of magma.
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