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Abstract

It remains debated as to whether the Gaoligong Orogen between the Tengchong
and Baoshan blocks in Yunnan, China, is the southward extension of the Tibetan
Bangonghu—Nujiang Suture (BNS). Here we present new geochronological and
petrochemical data for Early Cretaceous magmatic rocks of the Gaoligong Orogen.
The LA-ICP-MS U-Pb dating of zircons from diorites, granodiorites, and granites
yielded weighted mean 2°°Pb/?*®U ages of 120-118, 128-122, and 109-128 Ma,
respectively. For the diorites, the gy(t) values of zircons fall'in a range of +1.2 to
+5.4 with Tpm” ages of 744-979 Ma, for the granodiorites they fall in a range of —9.8
to +2.9 with Tpw© ages of 888—1564 Ma, and for the granites the range is —8.0 to
—1.1 with Tpy® ages of 1101-1488 Ma. They aré magnsian, calc-alkaline, enriched
in LILEs and LREEs, and have strong negative Nb, Ta, P, and Ti anomalies and high
values of Mg”. All these features are indicative of continental arc affinities. The data
suggest that the dioritic and granitic magmas were produced by the mixing of
variable proportions of mantle- and crust-derived magmas at an active continental
margin. The ages and tectonic settings of the diorites, granodiorites, and granites
are similar to rocks found within the BNS. Considering the ophiolitic mélange belt,
the Middle Jurassic basaltic magmatism, and the marine-facies stratigraphic
features of the Gaoligong Orogen are very similar to features in the BNS, we
conclude that the Gaoligong Orogen represents the suture between the Tengchong

and Baoshan blocks, and is the southward extension of the BNS.

Key words: zircon U-Pb geochronology; geochemistry; intermediate and felsic

magmatism; Gaoligong Orogen; Bangonghu—Nujiang Suture.

1. Introduction

The Bangong—Nujiang Suture (BNS) in Tibet runs east—west and forms a major



Tethyan suture on the Tibetan Plateau, separating the Qiangtang Block in the north
from the Lhasa Block in the south (Fig. 1). A discontinuous belt of Jurassic to Early
Cretaceous ophiolitic rocks, calc-alkaline arc magmatic rocks, and high- to
ultrahigh-pressure metamorphic rocks in central Tibet indicate that the Tethyan
oceanic lithosphere was subducted northwards under the South Qiangtang block
during the Middle Triassic to Middle Jurassic (e.g., Coulon et al., 1986; Yin and
Harrison, 2000; Kapp et al., 2003, 2007; Guynn et al., 2006; Zhang et al., 2012,
2014, 2017) and southwards under the North Lhasa block ‘during the Middle
Jurassic to Early Cretaceous (e.g., Hsu et al., 1995; Pan et al., 2006; Zhu et al.,
2009, 2013, 2015; Qi et al., 2011; Fan et al., 2015). However, around the Eastern
Himalayan Syntaxis, the southward extension of the BNS remains debated. Liu et al.
(2016) considered the Myitkyina ophiolite belt in° Myanmar to be the southern
continuation of the Bangonghu—Nujiang Meso-Tethyan suture because of their
similar Middle Jurassic ages (ca. 173 Ma), and they considered the Tengchong
Block in SW Yunnan to be a segment of the Sibumasu Block that is linked with the
Qiangtang Block (e.g., Wopfner, 1996; Liu et al., 2006; Metcalfe, 2013; Metcalfe
and Aung, 2014). However, this contradicts the model of Mitchell (1993), who
proposed that the Myitkyina ophiolite belt represents a truncated northerly extension
of the Kalaymyo ophiolite belt as part of a single suture that connects with the
Yarlung—Tsangpo Suture, and that the Myitkyina ophiolite belt has been offset in the
south by movement on the Sagaing Fault (Fig. 1b). The Early Cretaceous granites
exposed in the eastern part of the Tengchong Block and in Bomi—Chayu are related
to the subduction of the Bangong—Nujiang oceanic lithosphere (e.g., Qi et al., 2011;
Ma et al., 2014; Wang et al., 2014, 2015; Zhu et al., 2015; Xie et al., 2016; Zhao et
al., 2017). Accordingly, others have argued that the Gaoligong tectonic zone is a
suture zone that separates the Tengchong Block in the west from the Baoshan
Block in the east (Fig. 1), and represents the southerly extension of the BNS (e.g.,
Qietal.,, 2011; Xu et al., 2012, 2015; Ma et al., 2014; Wang et al., 2014, 2015; Zhu
et al., 2015; Xie et al., 2016; Zhao et al., 2017). In which case, the Tengchong Block
should be linked with the Lhasa Block rather than the Sibumasu Block (e.g., Shi et



al., 2008; Wopfner and Jin, 2009; Zhang et al., 2013; Liao et al., 2015; Qi et al.,
2015; Xie et al., 2016).

Previous research in the Gaoligong Orogen has focused on the Early Cretaceous
granitic rocks along the eastern margin of the Tengchong Block (Fig. 2), and it has
been suggested that the magmatic belt is related to crustal thickening that resulted
from collision between the Lhasa-Tengchong and Qiangtang -Baoshan blocks
based on the S-type granites with negative zircon g(t) values (e.g., Xu et al., 2012).
However, there are more I-type granites with high-K, calc-alkaline, and positive to
negative zircon g(t) values (e.g., Qi et al., 2011; Zhu et al., 2015; Xie et al., 2016)
and diorites besides S-type granites which bear strong similarities in lithology, ages,
geochemistry to those in the northern Lhasa block(e.g., Zhu et al., 2009, 2011; Qi et
al., 2011; Xu et al., 2012; Xie et al., 2016 ), that the belt represents a continental arc
resulted from southward subduction of the Bangong—Nujiang oceanic slab (e.g.,
Zhu et al., 2009, 2011, 2015; Qi et al., 2011; Zhao et al., 2016; Xie et al., 2016).
Here, we provide the first report on all the Early Cretaceous diorites and granites
along the eastern margin of the Gaoligong Orogen (Fig. 2), using new geochemical
as well as precise LA-ICP-MS U-Pb zircon ages and Hf isotopic compositions. We
then elucidate the relationships between these rocks and subduction and collision,

and trace the southward extent of the Bangonghu—Nujiang Suture.

2. Geologic setting

The Gaoligong Orogen is a N-S trending mountain range that bends in an arcuate
fashion towards the Mogok metamorphic belt in the south, with the Sagaing Fault
defining the tectonic boundary between these two bodies (Figs. 1b, 2). The orogen
comprises a ~400 km long and ~20 km wide high-grade metamorphic belt and Early
Cretaceous magmatic belt in the eastern Tengchong Block. The high-grade
metamorphic belt consists of a sequence of greenschist- and amphibolite-facies

metasedimentary and meta-intrusive rocks, such as orthogneiss, paragneiss, schist,



guartzite and marble. Parts of them have been mylonitized and show a subvertical
foliation and subhorizontal stretching lineation. To the west, the metamorphic belt is
overlain by Neogene clastic deposits, while to the east it is bordered by Paleozoic
and Mesozoic sediments of the Baoshan Block, from which it is separated by the
Lushui—Longling—Ruili dextral shear zone (LLRZ). The rocks of the high-grade
metamorphic belt have yielded zircon U-Pb ages of 518-460 Ma (e.g., Li et al.,
2012; Cai et al., 2013; Eroglu et al., 2013; Wang et al., 2013; Zhao et al., 2016),
whereas the recently recognized and widely distributed granitic plutons of the
orogen have yielded zircon U-Pb ages of 131-114 Ma (e.g., Yang et al., 2006; Chiu
et al., 2009; Ji et al., 2009; Zhu et al., 2009, 2015; Cong et al., 2011; Qi et al., 2011,
Xu et al., 2012; Xie et al., 2016). A belt of tectonic mélange (ca. 130 km long and
3-5 km wide) has been identified within the southeastern margin of the Gaoligong
Orogen (e.g., Tan and Zhan, 1990; Liu et al., 2002; Yin et al., 2012) (Fig. 2), and it
consists of abyssal facies flysch sedimentary rocks with siliceous rock and tectonic
slices of serpentine peridotite, basalt, gabbro/diabase, chert, paragneiss, and
Paleozoic marble and dolomite. Although Chu et al. (2009) considered the
Santaishan slices of serpentine peridotite was derived from old sub-continental
lithospheric mantle (e.g., Zhang, 2014) based on the high initial 8’Sr/*®Sr, low initial
eng and yOs, and Os isotopic model ages (trp=0.97-1.71Ga), it is still an ophiolite
belt representing a suture. The reasons are as fellow: 1) The rock assemblage of
the meélange is consistent with the ophiolite in BNS; 2) These old continental
lithospheric mantle ultrabasic rocks also exists in Tethyan ophiolite belt, such as the
peridotites from the Donggiao ophiolite (trp=1.5-2.2Ga, Shi et al., 2012), peridotites
from the External Liguride in Bangong-Nujiang ophiolite with Sr and Nd model ages
of 2.4 Ga (e.g., Rampone et al., 1995), peridotites from the Yungbwa in Yarlung
Tsangpo ophiolite belt (trp=1.0 Ga, Liu et al., 2012), which were exposed on the sea
floor, had heterogeneous isotope compositions and contained some ancient mantle
domains during the early stages of the opening of the Tethys ocean basin (e.g.,
Rampone et al., 1995; Liu et al., 2012; Shi et al., 2012), or resulted from the

subduction of oceanic crust and overlying sediments into the convective upper



mantle (e.g., Martin, 1994; Blichl et al., 2004).

The Tengchong Block is bordered by the Gaoligong metamorphic belt in the east
and the Myitkyina suture in the west (Fig. 1b). Although the age of ophiolite
(169-171Ma) is consistent with that in the BNS (e.g., Yang et al., 2012; Liu et-al.,
2016), the Myitkyina suture is considered the equivalent of the Yarlung—Tsangpo
Suture, and it separates rocks related to India in the west from rocks related to the
Tengchong (Burma) Block in the east (e.g., Mitchell, 1993; Yang et al., 2012; Xu et
al., 2015), because this Jurassic ophiolites exist also in Yarlung Tsangpo suture,
and the spatial and temporal variations and changing magmatic compositions over
time in the Tengchong block closely resemble those of the Lhasa block and differ
notably from those of the South Qiangtang block (e.g., Zhu et al., 2009, 2011, 2015;
Qi et al., 2011, 2015; Zhao et al., 2016; Xie et al., 2016) . The Tengchong Block is
therefore thought to continue northwards into the Lhasa Block, which was bent
around the eastern Himalayan syntaxis (e.g., Searle et al., 2007). Rocks of the
Tengchong Block comprise greenschist- and amphibolite- facies gneiss, weakly
metamorphosed upper Paleozoic sediments, and upper Mesozoic to lower
Cenozoic granites and mafic dikes. In the last 5.5 Myr, a number of active basaltic
and andesitic volcanoes eruptions had occurred in the Tengchong Block (e.g., Zhu
et al., 1983; Wang et al., 2007; Zhou et al., 2012).

The Baoshan Block is the northward continuation of the Sibumasu Block, which was
detached from the northern margin of Gondwana during the Sakmarian (e.g.,
Metcalfe, 2002). Following the closure of the Paleo-Tethys, the block was welded to
the Indochina Block along the Lancangjiang Suture during the Triassic (e.qg.,
Metcalfe, 2002) (Fig. 1), but the correlation of the Baoshan and Tengchong blocks
during late Mesozoic is debated. The Baoshan Block consists of Cambrian to
Jurassic marine deposits (metamorphosed to low—medium grades), Permian
volcanics, and Quaternary conglomerates and sandstones. The Carboniferous
deposits are mainly glacio-marine diamictites in the lower parts and siltstones in the
upper part. The early Permian Woniusi Basalts (basalts and basaltic volcaniclastics)

are thought to be related to the rifting of the Sibumasu Block from Gondwana (e.g.,



Ali et al., 2013; Liao et al., 2015).

3. Samples and petrography

The samples analyzed in this study were collected from 10 plutons (diorites,
granodiorites, and granites) that were emplaced during the Early Cretaceous (Fig.
2). The diorite samples (861 and &,) are sampled from the western Lushui and
southern Lianghe, respectively. The 3; is a long elliptical body, about 4km long,
1.5km wide and approximately 5km?in extent, and intrudes-into the mylonitional
gneiss. The &, is also a long elliptical intrusion, about 5km long, 2km wide and
approximately 7km?in area, and shows intrusive contacts with Gaoligong formation
metamorphic rock.The three plutons of granodiorite (yd; to yd3) are located to the
north and west of Longling, and to the northeast of Ruili. They are all long strip
intrusions, about 10-12km long, 1-2km wide, and approximately 8-13km?in extend,
and shows intrusive contacts with the mylonitional gneiss. The five granite plutons
(y1to ys) occur at the Gaoligong ductile shear zone, they are all long strip intrusions,
with 3-12km long, 0.5-1.5km wide and approximately 1-10km?in area, and were

emplaced within.the high-grade metamorphic rocks.

3.1. Diorites

The diorites, reported here for the first time, are divided into monzodiorite (6;) and
gabbroic diorite (52). The monzodiorite is a fine-grained rutile-bearing metadiorite
with a gneissic structure. The dominant minerals are biotite (30%), hornblende
(20%), plagioclase (31%), and K-feldspar (15%), together with accessory titanite
(3%), rutile (1%), and minor zircon. Plagioclase and K-feldspar occur generally as
subhedral to euhedral laths. The hornblende occurs as anhedral laths, and it
exhibits a pleochroism from yellowish-green to a deep blue—green. Titanite and

rutile occur either as euhedral granular inclusions in hornblende and biotite, or as



interstitial aggregates of small granular grains. The weak foliation is defined by the
orientation of biotite and hornblende. The gabbroic diorite is coarse-grained, and
the dominant minerals are hornblende (50%), plagioclase (42%), and K-feldspar
(8%). Accessory phases are magnetite, zircon, and apatite. The plagioclase and
K-feldspar occur generally as subhedral to anhedral laths that have been weakly
altered to sericite and kaolinite, respectively. Hornblende occurs as anhedral prisms
that exhibit a pleochroism from yellowish-green to deep blue—green. Most of the

hornblende grains have residual cores of pyroxene (Fig. 3a, b).

3.2. Granodiorites

The three plutons of granodiorite (yd; to yd3) are medium- to coarse-grained and
gneissose. The dominant minerals are plagioclase (30%-35%), K-feldspar
(20%—30%), quartz (25%—30%), hornblende (4%—-25%), and biotite (5%—-12%), and
the accessory phases are magnetite, zircon, allanite, and titanite. Plagioclase and
K-feldspar occur generally as subhedral to anhedral laths, and have been partly
altered to sericite and kaolinite, respectively. Quartz occurs as anhedral grains or as
interstitial fine-grained granular aggregates. The hornblende forms subhedral to
anhedral prisms that are pleochroic from yellowish-green to deep blue—green. The
biotite is anhedral and pleochroic from yellowish-green to brownish color. Allanite
occurs as euhedral prisms, but only in samples 15QML-57 to -61, and these
samples also contain 2% to 3% more titanite than other samples. The weak foliation
is defined by the orientation of biotite, hornblende, and feldspar. Mafic microgranular
enclaves (MMESs) occur in these granodiorites, and are randomly distributed. Their
shapes vary from irregular to ellipsoidal or round, and their sizes range from 5 to 20
cm. The MMEs have transitional contact zones with their host granodiorite, and they
have halos of felsic leucosome up to 1 cm thick (Fig. 3c). The MMEs are dark green,
equigranular, and fine-grained, and have typical igneous textures without cumulate
textures (Fig. 3d). The main phases in the MMEs are hornblende (45%), K-feldspar

(20%), plagioclase (30%), and spinel (5%), and the accessory phases are



magnetite, zircon, and titanite. The minerals in the MMEs are much smaller (0.2 to

0.3 mm) than those in the host granodiorite (1.0 to 2.0 mm).

3.3. Granites

The five granite plutons (y1 to ys) consist of medium- to coarse-grained
biotite-bearing porphyritic granites with a gneissic structure. The dominant minerals
are plagioclase (20%—-32%), K-feldspar (25%—30%), quartz (30%-40%), and biotite
(8%—12%), and the accessory phases are zircon, titanite, and garnet. Plagioclase
and K-feldspar occur generally as subhedral to anhedral laths, and some of the
grains form relatively coarse (1-2 cm) phenocrysts. Quartz occurs as anhedral
grains or as interstitial fine-grained granular aggregates. The biotite is anhedral and
pleochroic from yellowish-green to a brownish color. The foliation is defined by the
orientation of biotite and feldspar in the groundmass. Garnet was observed only in

samples 15QML-5 to -9, where it forms euhedral grains.

4. Analytical methods

Whole-rock major and trace elements were analyzed at the National Research
Center for Geoanalysis (NRCG), CAGS. Major element oxides were determined
using ICP-AES (PE8300). The analytical uncertainty was <0.5%. The trace
elements and the rare earth elements (REE) were analyzed by ICP-MS (PE300D).
The analytical uncertainties were 1%-5% for abundances greater than 1 ppm, and
5%—-10% for abundances less than 1 ppm. The effective digit for the trace elements
and rare earth elements is 3 bits.

The zircons were separated from whole-rock samples by a combination of density
techniques and handpicking under an electron microscope. The grains were
mounted in epoxy, polished to about half of their thickness, and photographed in

transmitted and reflected light. Cathodoluminescence (CL) imaging of the zircon



grains was carried out using scanning electron microprobes at the Beijing SHRIMP
Center of the Chinese Academy of Geological Sciences (CAGS). The U-Pb dating
of the zircons was performed by laser ablation—inductively coupled plasma—mass
spectrometry (LA-ICP-MS), and the zircon Lu—Hf isotope analyses were carried
out in situ by using a new wave UP213 laser—ablation microprobe, attached to a
Neptune multi-collector ICP—MS at the State Key Laboratory of Geological
Processes and Mineral Resources, Faculty of Earth Sciences, China University of
Geosciences (Wuhan). The analytical methods and procedures have been

described by Hu et al. (2012) and Qi et al. (2012).

5. Results

5.1. Whole-rock major and trace element geochemistry

5.1.1. Diorites

The gabbroic-diorites and monzodiorites (Fig. 4a) are characterized by low contents
of SiO; (50.95-54.16 wt.%) and K,O (0.54-2.34 wt.%), and high contents of CaO
(7.01-9.60 wt.%) (Table 1). The Al,O3 contents vary from 15.21 to 16.71 wt.%, and
A/NK ratios [A/CNK = molecular Al,O3/(Na,O + K,0)] and A/CNK ratios [A/CNK =
molecular Al;O3/(CaO + Na,O + K,0)] range from 2.04 to 3.22 and 0.70 to 0.77
respectively, indicating the rocks are metaluminous. The values of Mg” [Mg” = 100 x
molar Mg?*/(Mg®* + total Fe?")] range from 52.9 to 69.5. The Na,O + K,0O vs. SiO,,
FeO/(FeO+MgO) vs. SiO,, Na,O + K,0-CaO vs. SiO, and K,0 vs. SiO, diagrams
(Fig. 4) show all samples are subalkaline and belong to the magnesian, calcic to
alkali-calcic series (e.g., Arculus, 2003; Frost et al., 2001). The TiO, contents for
samples 15QLP-39 to -43 range from 2.24 to 2.30 wt.%, higher than in samples
15QML-65 to -69 (0.80-1.44 wt.%); these variable contents can be related to the
high contents of titanite (3%) and rutile (1%) in the monzodiorites.

The chondrite-normalized rare earth element (REE) patterns (Fig. 5a) indicate that

the two dioritic plutons are weakly enriched (LREE/HREE ratios = 3.54-6.57) with a



weak fractionation of LREEs over HREEs and with (La/Sm)y = 1.95-2.25 [where N
denotes normalization to the chondrite values of Sun and McDonough (1989)].
Negative Eu anomalies (Eu/Eu* = 0.79-0.94) are weak or lacking.
Primitive-mantle-normalized spider diagrams (Fig. 5b) show that the rocks are
enriched in large ion lithophile elements (LILES) such as Th, U, Ba, K, and Rb, and
LREEs, including La and Ce, relative to primitive mantle. The monzodiorites and
gabbroic diorites respectively show weak to strong negative anomalies of Nb, Ta, P,

and Ti.

5.1.2. Granodiorites

The three granodiorites are characterized by SiO, contents of 63.54—70.85 wt.%,
K>0O contents of 1.58 to 4.85 wt.%, Na,O of 3.03 to 4.37 wt.%, and CaO of 3.11 to
4.58 wt.% (Table 1). The Al,O3 contents vary from 15.20 to 17.00 wt.%, and A/NK
ratios and A/CNK ratios range from 1.58 to 2.06 and 0.93 to 1.10, respectively,
indicating metaluminous compositions. The values of Mg” ranges from 38.3 to 52.3.
The Na,O + K;0 vs. SiO, , FeO/(FeO+MgO) vs. SiO,, Na,O + K,0-CaO vs. SiO;
and K;0 vs. SiO, diagrams show all samples belong to the magnesian, medium- to
high-K calc-alkaline series (Fig. 4), and they have Cordilleran-type magmatic
features (e.g., Frost et al., 2001).

The chondrite-normalized REE patterns and primitive-mantle-normalized spider
diagram show that the granodiorites have significantly fractionated LREE and
relatively flat HREE patterns with weak to moderate negative Eu anomalies (Eu/Eu*
= 0.49-0.86, except for two samples of 1.04 to 1.17) (Fig. 5c), strong enrichments in
Ba, K, Rb, and LREEs, including La and Ce, relative to primitive mantle, and
significantly negative anomalies of Ba, Nb, Ta, P, and Ti relative to neighboring
elements. Sr also displays negative anomalies except in samples 15QML-57 to -61,
which show positive anomalies (Fig. 5d) due to the high contents of titanite

(2%—3%).



5.1.3. Granites

The granitic intrusions have relatively high contents of SiO, (69.62—-76.49 wt.%),
relatively low Al,O3 contents (12.46-15.77 wt.%), CaO/Na,O ratios of 0.36 to 0.98
(average 0.58), K,O contents of 3.27 to 5.60 wt.%, and Na,O contents of 2.29 to
3.36 wt.% (Table 1). Samples 15QML-5 to -9 have A/NK ratios of 1.11-1.25, A/ICNK
ratios of 1.28 to 1.55, and are peraluminous, but the other granitic samples have
metaluminous compositions with A/NK ratios and A/CNK ratios ranging from 1.36 to
1.61 and 0.97 to 1.08, respectively. The values of Mg” range from 35.9 to 51.3. The
NayO + K,0 vs. SiO, , FeO/(FeO+MgO) vs. SiO,, NaxO + K,0O-CaO vs. SiO, and
K20 vs. SiO, diagrams (Fig. 4) show all samples belong to the magnsian, high-K
calc-alkaline series, and they have Cordilleran-type magmatic features (e.g., Frost
et al., 2001).

The chondrite-normalized REE patterns are characterized by an enrichment in
LREEs relative to HREEs with (La/Sm)y varying from 3.72 to 6.53, and strong
negative Eu anomalies with- Eu/Eu* varying from 0.27 to 0.54 (Fig. 5e). The
primitive-mantle-normalized spider diagrams (Fig. 5f) show that relative to primitive
mantle these rocks are characterized by strong enrichments in LILEs such as Rb,
Ba, and K, radiogenic product-heat elements (RHES) such as U and Th, and LREEs,
and the diagrams display distinct negative anomalies in Ba, Sr, Nb, Ta, P, and Ti

relative to neighboring elements.

5.2. Zircon geochronology

The U-Pb and Lu—Hf isotope data for the zircons from the 10 intrusions are listed in
Tables 2 and 3, and representative CL images of the zircons are shown in Fig. 6.
The zircons display well-developed short euhedral prismatic forms. Zircons from the
diorites have average crystal lengths of 80 to 100 um and length-to-width ratios of
1.0 to 1.5, while those from the granitoids are 100—-200 pm long with length-to-width

ratios of 1.5-2.0. All grains from the diorites have indistinct fine oscillatory zoning,



with no indication of resorption or inherited cores, and most of the grains from the
granitoids show clearly developed oscillatory zoning with no indication of resorption
or inherited cores, except for the zircons from sample 15QQML-83.

The zircons from the diorites, granodiorites, and granites show relatively wide
ranges of U (178-5444, 185-5414, and 228-3983 ppm, respectively) and Th
(193-11300, 180-2956, and 140-7982 ppm, respectively) contents. The Th/U
ratios of all the zircons are greater than 0.1. These ratios and the observed
magmatic zoning indicate that the zircons are of magmatic origin (e.g., Hoskin and
Schaltegger, 2003). Their U-Pb ages therefore represent the timing of

crystallization of the zircons in the granitoid and diorite magmas.

5.2.1. Diorites

Samples 15QLP-9 and 15QML-65 were collected from the monzodiorite (3;) and
gabbroic diorite (52) (Fig. 2), respectively. Twenty-two analyses of 22 zircons from
sample 15QLP-9 form a cluster on the concordia curve (Fig. 7a) with a weighted
mean 2°°Pb/?8U age of 118 + 2.1 Ma (MSWD = 8.5). Two grains yielded older
208pp 238y ages of 373 + 3.1 and 129 + 2.1 Ma (Table 2), and these data were
rejected from the age calculations. Twenty analyses of 20 zircons from 15QML-65
were conducted. Among these analyses, three (spots 1, 2, and 3) are strongly
discordant, thus setting them apart from the cluster on the concordia curve. The
other 17 analyses yield a weighted mean ?°°Pb/?®®U age of 120 + 2.0 Ma (MSWD =
3.5) (Fig. 7b), and we interpret this to be the crystallization age of the monzodiorite

and gabbroic diorite.

5.2.2. Granodiorites
Samples 15QMH-1, 15QLL-21, and 15QML-57 were collected from the granodiorite
plutons yd;, y&2, and yd3 (Fig. 2). Twenty-two analyses of 22 zircons from sample

15QMH-1 were conducted. One discordant zircon was rejected from the age



calculation. The other 21 concordant analyses form a tight cluster on the concordia
curve with a weighted mean ?°°Pb/**®U age of 122 + 1.9 Ma (MSWD = 4.7) (Fig. 7c).
Twenty-two analyses on 22 zircons from sample 15QLL-21 were conducted.
Among these, one analysis (spot 19) yielded an age at 144 + 3.1 Ma, and another
(spot 14) yielded an age of 114 + 3.1 Ma (Table 2). These two ages are slightly
older and younger than those of the main zircon population, respectively, and they
were therefore excluded from the age calculation. The other 20 analyses yielded a
weighted mean ?°°Pb/**®U age of 128 + 1.9 Ma (MSWD = 4.1) (Fig. 7d). Twenty
analyses of zircons from sample 15QML-57 were concordant and yielded a
weighted mean °°Pb/**®U age of 122 + 1.7 Ma (MSWD = 2.8) (Fig. 7e). We
interpret these weighted mean °°Pb/**8U ages of 122 + 1.9, 128 + 1.9, and 122 +

1.7 Ma to represent the crystallization ages of the three granodiorites.

5.2.3. Granites

Samples 10QTG-42, 15QML-5, 15QML-83, 15QLR-4, and 15QLM-37 were
collected from the granitic plutons y; to ys (Fig. 2). Twenty analyses on 20 zircons
from sample 10QTG-42 are concordant. Three grains yielded slightly older
208pp 238y ages of 132 + 1.6, 133 + 1.6, and 134 + 1.3 Ma (Table 2), setting them
apart from the cluster on the concordia curve. The other 17 analyses yield a
weighted mean 2°°Pb/**8U age of 121 + 2.0 Ma (MSWD = 8.9) (Fig. 7f). The U-Pb
data for 26 zircons from sample 15QML-5 are concordant, forming a tight cluster on
the concordia curve with a weighted mean 2°°Pb/>*®U age of 128 + 1.9 Ma (MSWD =
4.3) (Fig. 7g). Twenty analyses were conducted on 20 zircons from sample
15QML-83. Among these, spots 16 and 21 were measured on the anhedral gray
core domains (Fig. 7h), and they yield older *°°Pb/**8U ages of 192 + 2.0 and 381 +
8.2 Ma (Table 2), which might represent the ages of inherited xenocrysts. A group of
five relatively old zircons with ?°°Pb/?%®U ages of 115 + 1.2 to 118 + 1.3 Ma (spots 2,
7, 8, 15, and 18) (Table 2) are concordant, forming a tight cluster on the concordia

curve (Fig. 7h) with a weighted mean 2°°Pb/?®*U age of 117 + 1.2 Ma (MSWD = 4.3),



and these ages may represent crystallization in a magma chamber before the
magma ascended to form the pluton in its present position. The other 13 analyses
are concordant and yield a weighted mean 2°°Pb/>*®U age of 109 + 1.1 Ma (Fig. 7h),
and we interpret this as the crystallization age of sample 15QML-83 in the present
position of the granitic pluton. Twenty-six analyses of 26 zircons from sample
15QLR-4 are concordant. A group of four very young zircons with *®Pb/?*®U ages of
31 +£05to 76 + 1.5 Ma (spots 7, 9, 17, and 23) (Table 2) are possibly related to
Cenozoic strike-slip shearing that resulted in metamictization of the zircons and a
resetting of the U-Pb system. Three grains vyield slightly older **°Pb/?*®U ages of
129 + 2.0 to 136 = 3.7 Ma (Fig. 7i), and these data were rejected from the age
calculation. The other 19 spots are concordant and yield a weighted mean
20%pp238Y age of 119 + 2.1 Ma (MSWD = 8.2) (Fig. 7i). Twenty-two analyses of 22
zircons from sample 15QLM-37 were conducted. Four discordant zircons (spots 8,
10, 11, and 17) yield ?°°Pb/?®*U ages of 111 + 1.7, 128 + 3.1, 132 + 1.7, and 137 +
1.8 Ma (Table 2), and were excluded from the age calculation. Eighteen spots are
concordant and yield a weighted mean ?®°Pb/?**U age of 122 + 2.2 Ma (MSWD =
8.1) (Fig. 7j). We interpret these weighted mean ?°°Pb/?%®U ages of 121 + 2.0, 128 +
19,109 +£1.1,119 + 2.1, and 122 + 2.2 Ma as the crystallization ages of the five
granite samples (10QTG-42, 15QML-5, 15QML-83, 15QLR-4, and 15QLM-37,
respectively). These ages are consistent with those obtained for the diorites and
granodiorites in the Gaoligong Orogen, which suggest all these intrusions were

more-or-less coeval and formed in the same tectonic setting.

5.3. Zircon Lu-Hf isotopes

Zircons from these eight samples (15QLP-9 and 15QML-5 were not considered)
were analyzed for Lu—Hf isotopes on domains with the same or similar structure to
those used for U-Pb dating. The results are listed in Table 3. The *"Lu/*"’Hf ratios
for all the zircons are less than 0.003, showing a low radiogenetic growth of *"®Hf.

The values of &?, Tom, and Tow© were calculated for their respective U-Pb ages.



For gabbroic diorite sample 15QML-65 we performed 17 analyses on 17 zircons.
The analytical results show similar Hf isotope compositions, with gy(t) values of
+1.2 to +5.4 (Table 3), and the weighted average ey(t) value is +3.7 £ 0.5 (Fig. 8a),
corresponding to single-stage Hf model ages (Tpwm) of 567-764 Ma and crustal
model ages (Tpm") of 744-979 Ma. The exception was spot 14 which gave a &(t)
value of +10.3 (+ 1.5) and a Tpm" age of 467 Ma (Fig. 8b).

With the exception of two spots (15QLL-21-18 and 15QML-57-11) with anomalous
enr(t) values of +4.4 + 3.7 and -1.6 £ 8.4, the zircons from granodiorite samples
15QMH-1, 15QLL-21, and 15QML-57 show negative to positive ey(t) values,
ranging from —9.8 to +2.9, and crustal Hf model ages (Tpm") of 888 to 1564 Ma
(Table 3). The weighted average eui(t) value of 56 spots is —3.8 + 0.7 (Fig. 8c),
corresponding to crustal Hf model ages (Tpw") of 1000 to 1400 Ma (Fig. 8d).

With the exception of two spots (15QML-83-11 and 15QML-83-17) with anomalous
enr(t) values, the zircons from granite samples 10QTG-42, 15QML-83, 15QLR-4,
and 15QLM-37 show negative ey(t) values of —8.0 to —1.1 with crustal Hf model
ages (Tpw©) of 1101 to 1488 Ma (Table 3). The average exi(t) value for 66 spots is
—4.4 + 0.4 (Fig. 8e), corresponding to crustal Hf model ages (Ton®) of 1150 to 1420
Ma (Fig. 8f).

6. Discussion

6.1. Petrogenesis of the intrusions

6.1.1. Diorites

Lu—Hf zircon data of dated zircons are the most reliable kind of data for tracing the
various factors involved in the generation of basic and acid magmas. The egu(t)
values of all the concordant zircons from the Early Cretaceous plutons in the
Gaoligong Orogen are listed in Table 3.

The gabbroic diorite (8,) from our study area displays remarkably restricted initial

Y81/ ""Hf and *"®Lu/*"Hf values (0.28273-0.28285 and 0.00092—0.00212), and a



narrow range of zircon g(t) values (+1.2 to +5.4, with a total variation of ca. 4 €y
units) with Hf crustal model ages (Tom®) ranging from 744 to 979 Ma except for one
anomalous spot (467 Ma) (Table 3). As shown in Fig. 9a, all the data plot in the
region between the chondritic Hf evolution (CHUR) and the depleted mantle (DM)
lines. This relatively uniform initial Hf isotope signature of the gabbroic diorite
reveals the widespread presence of metasomatized subcontinental lithospheric
mantle beneath the Gaoligong region, which acted as the source of the mafic
magma or as a significant contaminant in asthenospheric mantle magma. These
enr(t) values are less than that of recent Atlantic MORB (+8 to +21; Chauvel and
Blichert-Toft, 2001). It is possible that primitive -mantle-wedge magma was
contaminated by minor amounts of crustal material during its migration upwards to a
magma chamber.

The contamination of primitive mantle-wedge magma with minor amounts of crustal
material is also suggested by the following petrological and geochemical data. (1)
The hornblendes in the gabbroic diorite occur as anhedral laths, and some have
residual pyroxene cores (Fig. 3a, b), which suggests the amphiboles represent a
post-magmatic assemblage that replaced pyroxene crystals at lower temperatures
(e.g., Weissman et al., 2013). Furthermore, the dominant mineral assemblage of
hornblende with residual pyroxene cores, plagioclase, and K-feldspar shows that
this gabbroic diorite is similar to a gabbro. (2) On the diagram of SiO, vs. Mg#, most
of the samples plot close to the field of mantle melts and Quaternary basalts (Fig.
10), indicating the gabbro—dioritic magmas are characterized by mantle-derived
magmas contaminated by minor amounts of crust-derived material (e.g., Wilson,
1989). The dioritic rocks display linear relationships when plotted on the Th/Yb vs.
Ba/La and Th/Yb vs. Sr/Nd diagrams (Fig. 11), and this provides evidence that the
initial magmas were enriched in Ba and Sr, which would have come from the
slab-derived fluids that enriched the mantle wedge (e.g., Woodhead et al., 2001;
Peytcheva et al., 2008; Qi et al.,, 2016). These data make the metasomatized
mantle wedge the best candidate for the primary magma source. (3) Experimental

data suggest that calc-alkaline andesites can be generated by the direct partial



melting of hydrous upper mantle at 1.2—2.2 GPa and 1175-1500 °C (e.g., Kushiro,
1974; Parman and Grove, 2004) or by the partial melting of basaltic rocks (e.g.,
Rapp and Watson, 1995). However, the geochemical characteristics of the gabbroic
diorite with its high Al,O3 (15.21-16.71 wt.%), Na,O (2.68-2.77 wt.%), TiO;
(0.79-1.44 wt.%), CaO (9.12-9.61 wt.%), and MgO (6.08-7.25 wt.%) contents, Mg#
values ranging from 58.1 to 69.5 (Table 1), E-MORB-like chondrite-normalized REE
patterns with weak fractionation of LREEs over HREESs, a lack of conspicuous
negative Eu anomalies (Fig. 4a), and strongly negative Nb, Ta, and Ti anomalies,
show that it was more likely formed from metasomatized mantle melts with partial
contributions from crustal materials (e.g., Arevalo and McDonough, 2009; Jiang et
al., 2010; Qi et al., 2012, 2016; Sarjoughian et al.,; 2012; Kananian et al., 2014).

The monzodiorite (31), which has variable and. sometimes high TiO, and K,O
contents, relatively low MgO contents, weak negative Eu and Sr anomalies, and a
lack of Nb and Ta anomalies, differs from the gabbroic diorite. On the diagram of
SiO, vs. Mg#, all samples fall in the field of basalts (Fig. 10), which indicates the
monzodioritic magmas were-derived from the partial melting of basaltic rocks.
Experimental studies have shown that partial melting of both oceanic and basaltic
lower crust can produce dioritic melts (e.g., Castro et al., 2010; Qian and Hermann,
2013). The monzodiorites are characterized by low Sr (280-405 ppm) contents,
high Yb (3.2—3.9) contents, and low Sr/Y ratios (8-11) (Table 1), and are notably
different from adakitic rocks that form from the partial melting of oceanic crust (e.g.,
Defant and Drummond, 1990). We consider, therefore, that the monzodiorite was
more likely to have been derived from a basaltic lower crust than an oceanic crust,
although more isotopic data (Lu—Hf and Sm-Nd) are required to confirm this

possibility.

6.1.2. Granodiorites and granites
As shown on Fig. 4, the granodioritic and granitic rocks in the Gaoligong Orogen

belong to the medium- to high-K calc-alkaline series. Three general processes are



thought to contribute to the origin of calc-alkaline granitoids. (1) Fractional
crystallization of mantle-derived magma (which may have been similar in
composition to the mafic xenoliths) producing intermediate and felsic magmas (e.g.,
DePaolo, 1981; Be’eri—Shlevin et al., 2010; Weissman et al., 2013). (2) Melting of
crustal rocks by the emplacement of mantle-derived basaltic magmas in the
presence of various amounts of water (e.g., Beard and Lofgren, 1989; Weissman et
al., 2013). (3) Mixing between mafic and felsic magmas (e.g., DePaolo, 1981;
Bergantz, 1989; Roberts and Clemens, 1993; Droop et al., 2003). The dioritic rocks
comprise less than 2% of the exposed Early Cretaceous igneous rocks (Fig. 2), they
show no cumulate textures, and there are no clear correlations between the major
elements and SiO2, Rb and Y, or Sr and Ba, either within the dioritic rocks or
between the dioritic and granitic rocks (Fig: 12). Therefore, the first petrogenetic
model can be excluded. With the exception of two anomalous spot analyses, the
granodiorite samples display a wide range of zircon gyi(t) values (—9.8 to +2.9, with
a total variation of ca. 13 €47 units) and Tpm" ages of 888 to 1564 Ma, and they plot
in a region near the CHUR line in a diagram of gy(t) versus U-Pb age of zircon (Fig.
9a). This indicates a heterogeneous source, possibly produced by the mixing of
different proportions of juvenile material and ancient crust (e.g., Kinny and Maas,
2003; Jiang et al.,, 2009) rather than by the fractional crystallization of
mantle-derived basaltic parents or by the partial melting of crustal rocks only. This
deduction is consistent with the following lines of evidence. (1) The numerous
MMEs in the granodiorite display irregular, ellipsoidal, or round shapes, have
transitional zones at their contacts with the host rock, show a halo of felsic
leucosome 0.5 to 1 cm wide (Fig. 3c), and have typical igneous textures without
cumulate textures (Fig. 3d). In addition, the U-Pb ages of zircons from the MMEs
are similar to those of zircons from the host granodiorite (e.g., Zou et al., 2013).
These observations indicate that the MMEs are globules of a more mafic magma
that was injected into and mingled with the host felsic magma. They are not restites
or xenoliths, because restites and xenoliths typically have metamorphic or residual

sedimentary fabrics (e.g., White et al., 1999; He et al., 2016; Zhao et al., 2016;



Suzano et al., 2017). (2) The plagioclases (Pl) found as inclusions in K-feldspar (Kf)
occur as subhedral to anhedral laths with resorbed borders, and they exhibit a
pattern of cores with compositions of Anys_og, mantles with compositions of Anz;_»»,
and rims stabilized at Anj_4 together with quartz (Fig. 3e, f). The presence of
compositional zoning suggests that the inclusions first grew calcic An-rich cores,
and then re-equilibrated at later stages of crystallization after magma mixing, which
would indicate they were mechanically transferred from injected mafic magma into
the granitic magma (e.g., Suzano et al., 2017). (3) The unique geochemical
character of the granodiorites, such as their calc-alkaline and metaluminous
characteristics, their high TiO,, Na,O, and MgO contents, their high values of Mg#,
the fact that all samples fall in the region above the field of crustal partial melts on
the Mg# vs. SiO, diagram (Fig. 10), and the presence of hornblende, reflects the
contribution of mantle-derived material in the granodioritic parent magma.

Some of the granites are characterized by their calc-alkaline and peraluminous
compositions and the presence of garnet, and they are considered to be S-types
derived by the melting of metasedimentary crust (e.g., Chappell et al., 1987), but
the other granites are calc-alkaline and metaluminous, and considered to be I-types
derived by the melting of meta-igneous rocks or by the mixing of mafic and felsic
magmas (e.g., Clemens et al., 2011; Weissman et al., 2013; Oliveira et al., 2015;
Wang et al., 2015). As shown in Fig. 8, all the zircons from our granitic samples,
except for two anomalous spot analyses, show negative gu(t) values (-8.0 to —1.1,
with an average at —4.4) and Tpu" values of 1101 to 1488 Ma, and they fall in the
region below the line of CHUR, suggesting an ancient crustal source (Fig. 9).
However, the large scatter in g(t) values, and the fact they plot close to the line of
CHUR, suggests the magmas originated mainly from a crustal source that was
contaminated with small amounts of mantle-derived components (rather than from
meta-igneous rocks), and they might reflect lesser degrees of homogenization of
the crust-derived magma after mixing with the mantle-derived magma (e.qg.,
Peytcheva et al., 2008; Jiang et al., 2009; Zhu et al., 2009; Shelinutt et al., 2011).

Furthermore, the granites have a wide range of Mg# values (35.9-51.3) and Sr



contents (91-207 ppm) that are mostly higher than those found in pure crustal
partial melts (Fig. 10). Moreover, there is no clear correlation between Ba and Sr or
Rb and Y (Fig. 12), and in the study area, significant contributions of mantle-derived
magma are recorded in the dioritic group by the positive g(t) values. To revealthe
initial magma evolutionary paths of these granitoids, application of rhyolite-MELTS
(e.g., Gualda et al., 2012; Gardner et al., 2014), using compositions that vary from
granodiorite to granite, shows that: 1) the granodioritic magma derived from the
lower crust (LC), and the concentrations of SiO, increase with inceasing pressure
from 0.8 to 2.0Gpa (Fig. 13a-c). Obviously, it is not in accordance with the depth of
crust in continental margin, and the magnesian features (e.g., Huang and He, 2010;
Murphy et al., 2018); 2) the granitic magma derived from the partial melting of the
middle to upper crust, the SiO, contents: and K;O/Na,O ratios increase with
decreasing pressure, but they are not exactly consistent with the pressure curve
also (Fig. 13a-c). On the other hand, it probably indicates that the sampled rocks
are not pure the crust-derived compositions but rather represent mixtures of crust-
and mantle- derived magmas. The binary mixing modeling based on the major
oxides, trace elements and radiogenic isotope signatures had been used to show
the degrees of mixing of mafic and felsic melts (e.g., Langmuir et al., 1978;
Patino-Douce, 1999; Rudnick and Gao, 2003; Healy et al., 2004; Wang et al, 2015;
Ghaffari et al., 2015; Stouraiti et al., 2018). In the Na,O/CaO vs. MgO/Al,O3 diagram
(Fig.13d), the data plots with the plutonic compositions close to the binary mixing
curve, show that the hybrid of magma of the diorite, granodiorite and granite were
generated by 65 to 85%, 10 to 25 % and 5 to 15 % mafic melts, and 15 to 35%, 65
to 75 and 85 to 95 felsic melts, respectively. We infer, therefore, that the
granodioritic and granitic magmas originated mainly from the partial melting of
ancient upper crustal materials, and these melts were mixed with variable amounts

of mantle-derived magma.

6.2. Tectonic setting



The Early Cretaceous magmatic rocks in the Gaoligong Orogen are dominantly
I-type, and composed mainly of diorite, granodiorite, and granite. Even though the
geochemical characteristics of the magmatic rocks, such as their metaluminous and
calc-alkaline compositions, their enrichment in LILEs (Th, U, Ba, K, and Rb) and
LREEs, and their strong negative Nb, Ta, P, and Ti anomalies (Fig. 5d, f), are
typical of calc-alkaline magmatism, this magmatism could possibly have been
generated in subduction, syn-collisional, or post-collisional tectonic settings.
Peraluminous granites traditionally considered to be formed 'in_collision-related
setting rather than subduction—related and rift setting (e.g., Pearce et al., 1984,
Sylvester, 1998; Barbarin, 1999, Xu et al., 2012). The:-magmatic rocks derived from
the crustal melting and mixing by influx of mantle-derived magma are common in
subduction-related setting, but rare intracrustal setting (e.g., Xu et al., 2012). The
Early Cretaceous magmatic rocks in the Gaoligong Orogen form a belt or linear
distribution, and this precludes the possibility of post-collisional magmatism
throughout such a large region. The assemblage of diorite, granodiorite, and granite,
characteristerized by a wide range in SiO, content (50.95 to 76.49%), and epx(t)
values (-9.8 to +54), high Mg”, magnesian affinity and absence of
muscovite-bearing leucogranite and syenogranite also excludes the possibility of a
syn-collisional setting (e.g., Harris et al., 1990; Harrison et al., 1998; Frost et al.,
2001). Furthermore, as mentioned earlier, the dioritic magmas were derived from
melts of metasomatized mantle, with the melts contaminated with small amounts of
crustal material, and the granodioritic and granitic magmas originated mainly from
the partial melting of ancient upper crustal materials, with the melts mixed with
variable amounts of mantle-derived magma. In other words, there was a significant
contribution of mantle-derived material to the magmas, and the magmatism was
related to subduction rather than collision. We propose, therefore, that these
calc-alkaline magmatic rocks were generated in a subduction-related tectonic
setting (e.g., Kelemen et al., 1990; Stolz et al., 1996; Barbarin, 1999; Sheth et al.,
2002; Castillo et al., 2007; Munteanu and Wilson, 2009; Dong et al., 2012; Qi et al.,
2012, 2014, 2016; Ashwal et al., 2013; Sreejith and Ravindra, 2013; Collins et al.,



2016). This finding is supported by tectonic discrimination diagrams, as for example
in the Hf—3*Ta—Rb/30 and Rb vs. Y + Nb tectonic discrimination diagrams (Fig. 14a,
b), where all the granitoid samples fall within the field of volcanic arc (and
syn-collisional) granites. This is also demonstrated by the Al,O;—MgO-FeO; and
La/Yb vs. Th/Yb tectonic discrimination diagrams, where all the dioritic samples fall
within the continental margin-arc or island arc fields (Fig. 14c, d), and where the
granitic samples fall in the continental margin-arc field (Fig. 14d). In addition, the
strata in the BNS and the Gaoligong Orogen were deposited under marine
conditions until at least ~118 Ma (even until 115-100 Ma), and the Upper
Cretaceous nonmarine clastic sediments with basal conglomerates (75-90 Ma) in
the Baingoin area unconformably overlie Early Cretaceous marine sediments (e.g.,
Yunnan Bureau Geological Mineral Resource, 1991; Kapp et al., 2005, 2007; Chen
et al., 2017; Zhu et al., 2017), indicating that the subducted Bangong — Nujiang
oceanic slab was still active between the Tengchong - Lhasa and
Baoshan—Qiangtang blocks until at least ~118 Ma. The mélange belt along the
southeastern margin of the Gaoligong Orogen (Fig. 2) is mainly composed of
abyssal facies flysch sedimentary rocks with siliceous rock (Upper Triassic to
Jurassic) and slices of serpentine peridotite, basalt, gabbro / diabase. The
serpentine peridotite contains dunite and harzburquite (F,=89-92), chromite
(Cr'=72-88, Mg*=19-39). The SiO,, Al,Os; and FeO; contents vary from 39.66 to
40.97 wt.%, 0.34 to 0.42 wt.% and 7.45 to 9.33 wt.% (unpublished), respectively.
This features resembles the Upper Triassic to Jurassic ophiolitic mélange belt in the
BNS (e.g., Tan and Zhan, 1990; Liu et al., 2002; Yin et al., 2012), and it gives clear
evidence for a subduction-related setting. Furthermore, besides I-type granites,
there are some S-type granites in Gaoligong Orygen, with high Sr isotopic ratios
and negative eng and gy(t) values (-2 to -12), showing a significantly crustal sources
(e.g., Xu et al., 2012). It is reasonable, therefore, to conclude that all these plutons,
including the diorites, granodiorites, and granites, were generated along an active
continental margin within a subduction-related tectonic setting during the

transformation of subduction into collision. The fluids released from the subducted



slab and overlying sediments as a result of multistage dehydration would have
migrated upwards through the overlying mantle wedge, resulting in metasomatism
and melting of the wedge (e.g., Iwamori,1998, 2007; Nakamura and lwamori, 2009;
Zhu et al., 2010; Qi et al., 2014). The mantle-derived magma was injected into the
overlying crust, resulting in the partial melting of crustal rocks to produce granitic
magma. The mafic magmas mixed with the crustal melts in different proportions to
produce various dioritic and granitoid magmas (Fig. 15). The mélange was formed

due to the tectonic mixing of materials from the oceanic and continental crusts.

6.3. Connection of the Gaoligong and Bangonghu—Nujiang sutures

The Early Cretaceous intermediate to acidic magmatic belt of the Gaoligong Orogen
runs southwards towards the Mogok belt in Myanmar (e.g., Chen et al., 2016) and
northwards towards Bomi—Chayu in Tibet (e.g., Chiu et al., 2009; Zhu et al., 2009)
and towards the BNS that marks the boundary between the Lhasa and Qiangtang
blocks (e.g., Zhu et al., 2011, 2015; Xu et al., 2012; Zhang et al., 2017). A
comparison of the Early Cretaceous magmatic rocks of Bomi—Chayu and the BNS
with those from the Gaoligong Orogen shows that they share many similarities in
rock assemblages, emplacement ages, major and trace elemental compositions,
and isotopic data (Fig. 9), indicating that the Early Cretaceous magmatic belt in the
Gaoligong Orogen was linked with that in Bomi—Chayu and the BNS. More
importantly, the ophiolitic mélange belt, the Middle Jurassic basaltic magmatism,
and the marine-facies paleontological and stratigraphic features of the Gaoligong
Orogen are very similar to features in the BNS (e.g., Tibet Geological Survey
Institute, 2001; Yunnan Geological Survey Institute, 2011) (Fig. 2). This
resemblance implies that the Gaoligong Orogen and BNS had similar
tectonomagmatic histories in the Mesozoic. Furthermore, the following lines of
evidence show that the Tengchong Block should be linked with the Lhasa Block. (1)
The Tengchong Block records magmatic activity in the Cambrian—Ordovician,

Triassic, Early Cretaceous, Late Cretaceous, and Paleocene—Eocene, and the



spatial and temporal distributions of these magmatic rocks, as well as their
petrological and geochemical features, closely resemble those in the Lhasa Block,
but differ significantly from those in the Baoshan and Western Qiangtang blocks
(e.g., Zhu et al., 2009, 2011; Qi et al., 2011, 2015; Xu et al., 2012; Xie et al., 2016;
Zhao et al., 2016). (2) Liao et al. (2015) preferred the idea that the Tengchong Block
was an individual tectonic unit located to the northeast of the Lhasa Block between
the Sibumasu Block and northern Australian Gondwana, rather than it being part of
the Sibumasu Block, since the Tengchong Block shares similar Permian
paleontological and stratigraphic features to the Lhasa Block. (3) Latest study has
suggested that the significant Nankinella-Chusenella fusuline assemblage occurs in
the Lhasa and Tengchong Blocks, and lacks in either the South Qiangtang Block or
the Gondwanan margin, indicating that the Lhasa and Tengchong blocks were
isolated from both the South Qiangtang Block and the northern Gondwanan margin
during the Middle Permian (e.g., Zhang et al., 2018). In addition, Early Permian
plume-derived basalts are absent in the Lhasa and Tengchong blocks, which
illustrates the considerable differences between these two blocks and the Sibumasu
Block (e.g., Wopfner, 1996; Shi et al., 2008; Zhang et al., 2013; Liao et al., 2015).

We argue, therefore, that the Tengchong Block should be linked with the Lhasa
Block and that the Gaoligong Orogen represents the suture between the Tengchong
and Baoshan blocks, and that it is the southward extension of the BNS around the

Eastern Himalayan Syntaxis.

7. Conclusions

The dioritic, granodioritic, and granitic rocks in the Gaoligong Orogen, south of the
Eastern Himalayan Syntaxis, belong to the medium- to high-K calc-alkaline series.
LA-ICP-MS U-Pb dating of the zircons from these rocks reveal Early Cretaceous
emplacement ages (128-109 Ma).

Zircons from the dioritic rocks have g(t) values of +1.2 to +5.4 with Tpy"~ ages of



744 to 979 Ma, those from the granodiorites have gy(t) values of —9.8 to +2.9 with
Tom® ages of 888 to 1564 Ma, while those from the granites have e(t) values of
—8.0 to —1.1 with Tpm® ages of 1101 to 1488 Ma. The hornblendes in the dioritic
rocks contain residual pyroxene cores, and the granodiorites contain mafic
microgranular enclaves (MMES). In combination with their general geochemical
characteristics and their locations on tectonic discrimination diagrams, these
features suggest that the dioritic and granitic magmas were produced by the mixing
of variable proportions of mantle- and crust-derived magmas along an active
continental margin within a subduction-related (continental-arc) tectonic setting.

The ages and tectonic settings of the intermediate and felsic rocks are similar to
those of rocks in the Bangong—Nujiang Suture (BNS) to the north of the Lhasa
Block, and to the north of the Eastern Himalayan Syntaxis, indicating a similar
history and a synchronous episode of crustal growth/recycling during the Early
Cretaceous. The Tengchong Block in SW Yunnan (south of the Eastern Himalayan
Syntaxis) has early Permian paleontological and stratigraphic features in common
with the Lhasa Block, but these features differ from those of the Sibumasu Block,
which implies that the Tengchong Block was linked to the Lhasa Block rather than
the Sibumasu Block. The evidence therefore leads us to propose that the Gaoligong
Orogen represents the suture between the Tengchong and Baoshan blocks, and
that it is-the southward extension of the BNS around the Eastern Himalayan

Syntaxis.
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Figure captions

Fig. 1. Simplified geological map of the Transhimalayan magmatic belt in the
Himalaya—Tibet tectonic realm (modified from Ji et al., 2009, Wang et al., 2013, and
Xu et al., 2015). Inset shows the location of Fig. 2 in the Himalaya—Tibet tectonic
realm. MBT = Main Boundary Thrust; YTS = Yarlung—Tsangpo Suture; BNS =
Bangong—Nujiang Suture; IBS = Indo—Burma Suture; MK = Myitkyina Suture; KY =
Kalaymyo Suture; SL, CL, NL = South, Central, North Lhasa blocks; GLG =
Gaoligong Orogen.

Fig. 2. Geological map of the Gaoligong Orogen showing the major geologic units,
sample localities, new U—Pb zircon age data of this study (black circles), and other
age data (white circles, from Yang et al., 2006, Cong et al., 2011, Qi et al., 2011, Xu
et al., 2012, Yin et al., 2012, and Xie et al., 2016). The map was modified after Qi et
al. (2015). DYJF = Dayingjiang Fault; LCJF = Longchuanjiang Fault; LLRF =
Lushui-Longling—Ruili Fault.

Fig. 3. Representative field photographs and photomicrographs of rocks from the

plutons in the Gaoligong Orogen. (a) and (b) Anhedral laths of hornblende (Hb) in



the gabbroic diorite, some of which have residual pyroxene (Py) cores. (c) Example
of an MME hosted within the granodiorite, with a transitional and leucocratic zone at
the contact. (d) Right side shows an MME with typical igneous textures and without
cumulate textures. Left side shows the coarse-grained granodiorite. (e) and (f)
Subhedral to anhedral laths of plagioclase (PI) that occur as inclusions in K-feldspar

(Kf). The plagioclase laths have compositional zoning and resorbed borders.

Fig. 4. (a) TAS classification and (b) K,O vs. SiO, diagrams (e.g., Le Maitre et al.,
1989). The shaded bands are the fields with boundary lines of Peccerillo and Taylor
(1976). (c) Na O + K,0O-CaO vs. SiO; and (d) FeO/(FeO + MgO) vs. SiO, diagrams
(e.g., Frost et I., 2001).

Fig. 5. Chondrite-normalized REE patterns and primitive-mantle-normalized trace
element spider diagrams for the plutonic rocks of the Gaoligong Orogen. Chondrite

and primitive mantle values are from Sun and McDonough (1989).

Fig. 6. CL-images and U-Pb ages of analytical spots in zircons from the plutonic
rocks. of the Gaoligong Orogen. The scale bar is 100 um. (a) and (b) are from

diorites; (c)—(e) are from granodiorites; (f)—(j) are from granites.

Fig. 7. U-Pb concordia diagrams for zircons from the plutonic rocks in the
Gaoligong Orogen. The red lines in (f), (i), and (j) are not calculated, and (h) is

calculated alone.

Fig. 8. Histograms of g(t) values and Tpm" ages for zircons from plutonic rocks of



the Gaoligong Orogen.

Fig. 9. (a) Plots of gui(t) versus U-Pb ages for zircons from plutonic rocks in the

Gaoligong Orogen. (b) Histogram of Tpy®

ages. Reference line representing
chondritic Hf evolution (CHUR) is from Blichert—Toft and Albarede (1997). Data for

the Bangonghu—Nujiang Suture (BNS) are from Zhu et al. (2016).

Fig. 10. Mg” vs SiO, diagram the plutonic rocks in the Gaoligong Orogen. Fields
shown are as follows: pure crustal partial melts obtained in experimental studies by
dehydration melting of low-K basaltic rocks at 8-16 kbar and 1000-1050 °C (e.g.,
Rapp and Watson, 1995); pure crustal melts obtained in experimental studies by
the moderately hydrous (1.7-2.3 wt.% H,0) melting of medium- to high-K basaltic
rocks at 7 kbar and 825-950 °C (e.g., Sisson et al., 2005); mantle melts (basalts);
and Quaternary volcanic rocks from the Andean southern volcanic zone (e.g.,
Lopez-Escobar et al., 1993). The curve for mantle AFC was calculated following
Depaolo (1981) with a mass assimilation/fractionation ratio of r = 2, reflecting a
relatively hot-mantle wedge, and 80% amphibole + 20% clinopyroxene as the

fractionating phases (e.g., Stern and Kilian, 1996).

Fig. 11. Th/Yb vs. Ba/La and Th/Yb vs. Sr/Nd discrimination diagrams for the

plutonic rocks in the Gaoligong Orogen.

Fig. 12. Variation diagrams for the plutonic rocks in the Gaoligong Orogen.

Fig. 13 Initial magma evolutionary paths of the granitoids by rhyolite-MELTS (a-c)



and Binary mixing model based on Na,O/CaO vs. MgO/Al,O3 (d). (a), (b) and (c)
The initial magma evolutionary paths of the granitoids by rhyolite-MELTS based on
the average geochemical compositions of the lower-, middle-, and upper crust from
Rudnick and Gao (2003). (d) The mixing line was calculated assuming a pure
crustal melt from S type granitic sample (15QML-5) and a pure mantle-derived melt

represented by early Cretaceous basalt from Bangong-Nujiang suture.

Fig. 14. Discrimination diagrams for the tectonic settings of the plutons. (a) and (b)
from Pearce et al. (1984), (c) from Pearce et al. (1977), and (d) from Harris et al.
(1986). VAG = volcanic arc granites, S-COLG = syn-collisional granites, P-COLG =
post-collisional granites, WPG = within-plate granites, ORG = oceanic ridge

granites, and A-ORG = abnormal oceanic ridge granites.

Fig. 15. Schematic model of the evolution of magmas in relation to subduction of
oceanic lithosphere. The fluids released from the subducted slab and overlying
sediments as a result of multistage dehydration migrated upwards through the
overlying mantle wedge, resulting in metasomatism and melting of the mantle
wedge. The mantle-derived magma was injected into the overlying crust, resulting
in the partial melting of crustal rocks to produce granitic magma. The mafic magmas
mixed with the crustal melts in different proportions to produce various dioritic and
granitoid magmas. The mélange was formed due to the tectonic mixing of materials

from the oceanic and continental crusts.

Table captions

Table 1. Major and trace element compositions of the plutonic rocks in the

Gaoligong Orogen.



Note: Mg” = 100 x molecular Mg®*/(Mg* + Fe** + Fe®*"); AINK=molecular Al,O3/
(Na,O+K,0), A/ICNK=molecular Al,O3/ (CaO+Na,O+K,0), show the Al saturation;
REE = rare earth element; EU/Eu* = Eun/(Smy + Gdn)2, shows the change of the
anomaly, with the subscript N denoting a normalization to chrondrite (e.g., Sun and

McDonough, 1989); (La/Sm)y represents the degree of light REE fractionation.

Table 2. Zircon LA-ICP-MS U—Pb data for plutonic rocks of the Gaoligong Orogen.

Table 3. Zircon LA-ICP-MS Lu—Hf isotope data for plutonic rocks of the Gaoligong

Orogen.
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Highlights
» Early Cretaceous diorites are identified for the first time in the Gaoligong

Orogen.

» Therocks were produced by mixing of the mantle- and crust-derived melts
in an arc setting.

» The Gaoligong orogen is the southward extension of the Bangonghu-Nujiang

suture.



Table 1

Rocks Monzodiorite (8,) (25°58'59"N,98°42'26"E) gabbric diorite (§) (24°31’ 37" N,98°12’ 11" E)
Sample 15QLP-39  15QLP-40  15QLP-42 15QLP-43  15QML-65  15QML-66  15QML-67  15QML-68  15QML-69
Major element (%)
SiO, 51.53 51.56 50.95 51.92 52.19 53.25 54.16 53.31 54.11
TiO, 2.30 2.26 2.30 2.24 1.44 0.80 0.85 0.96 0.79
Al,O3 15.99 15.79 15.85 15.80 15.21 16.71 15.44 15.67 16.31
Fe,O3 2.19 2.00 2.03 2.66 3.37 2.05 2.22 2.90 2.72
FeO 7.35 7.60 7.73 6.96 6.30 4.63 5.18 5.26 4.27
MnO 0.16 0.16 0.16 0.16 0.17 0.13 0.14 0.16 0.14
MgO 5.29 5.36 5.53 5.24 6.08 6.84 7.25 6.52 7.03
CaO 7.17 7.05 7.22 7.01 9.12 9.60 9.33 9.61 9.56
Na,O 3.26 3.17 3.16 3.20 2.72 2.72 2.68 2.77 2.72
KO 2.20 2.34 2.32 2.29 0.84 0.87 0.61 0.66 0.54
P05 0.23 0.24 0.22 0.25 0.06 0.08 0.09 0.08 0.10
CO, 0.10 0.10 0.15 0.10 0.15 0.10 0.20 0.30 0.4
H,O" 1.46 2.02 1.46 1.48 1.42 1.52 1.62 1.42 1.60
LOI 0.66 0.61 0.65 0.58 0.95 1.21 1.22 1.02 1.21
A/NK 2.06 2.04 2.06 2.04 2.82 3.08 3.05 2.97 3.22
A/CNK 0.77 0.77 0.76 0.77 0.69 0.73 0.70 0.69 0.73
Mg* 53.1 52.9 53.3 53.4 58.1 68.7 67.7 63.9 69.5
REE(ppm)
La 25.4 22.4 22.1 25.9 10.4 9.83 10.0 10.3 9.76
Ce 65.2 57.5 57.6 63.9 23.7 24.0 22.4 24.8 22.6
Pr 8.49 7.74 6.93 7.87 3.01 2.66 2.79 3.00 2.73
Nd 35.0 33.2 30.4 33.3 14.6 11.7 13.3 12.9 12.8
Sm 8.12 7.43 6.80 7.43 3.44 3.04 3.01 3.35 2.97
Eu 2.26 2.03 1.90 1.97 1.15 0.98 1.00 1.07 0.91
Gd 8.91 7.69 7.69 7.66 4.07 3.63 3.52 4.22 3.33
Th 1.43 1.35 1.22 1.29 0.72 0.60 0.61 0.66 0.60
Dy 8.21 7.37 7.06 7.17 4.45 3.83 3.80 4.12 3.72
Ho 1.57 1.48 1.29 1.35 0.92 0.72 0.78 0.79 0.77
Er 4.34 3.80 3.68 3.67 2.61 2.12 2.09 2.29 2.10
Tm 0.60 0.57 0.52 0.54 0.36 0.31 0.31 0.36 0.28
Yb 3.86 3.55 3.18 3.46 2.41 2.01 2.10 2.11 1.89
Lu 0.59 0.50 0.49 0.48 0.35 0.30 0.29 0.31 0.30
>REE 174 157 151 166 72 66 66 70 65
LREE/
4.90 4.95 5.00 5.48 3.54 3.86 3.89 3.73 3.99
HREE
Eu/Eu* 0.81 0.81 0.80 0.79 0.94 0.90 0.94 0.87 0.88
(La/Sm)y 2.02 1.95 2.10 2.25 1.95 2.09 2.14 1.98 2.12




Trace element (ppm)

Rb 110 138 161 96.1 40.9 41.9 29.0 29.1 24.4
Ba 292 263 261 274 233 172 221 179 144
Th 5.63 5.22 4.64 5.91 2.66 2.87 2.63 2.85 3.08
U 0.77 0.74 0.66 0.75 0.48 0.41 0.39 0.47 0.41
Nb 20.3 18.1 18.6 20.0 3.63 2.74 3.05 2.88 2.85
Ta 1.30 1.18 1.09 1.20 0.25 0.20 0.20 0.24 0:20
Sr 405 321 351 331 214 220 210 216 241
Zr 194 203 188 208 108 86.1 85.5 80.9 84.6
Hf 6.17 6.2 5.42 6.05 3.13 2.55 2.53 2.49 2.34
Y 36.8 33.7 34.8 34.4 225 17.5 19.3 20.4 20.2
Ni 69.1 61.2 65.9 60.6 34.2 67.3 47.3 27.3 54.2
Sc 247 21.3 21.3 214 36.2 29.4 30.9 354 32.3

Continuous Table 1

Rocks granodiorite (y8;) (24°38'1"N,98°31'15"E) granodiorite (y8;) (24°14'41"N,98°0'33"E)
Sample 15QMH-1 15QMH-2 15QMH-3 15QMH-4 15QMH-5 15QLL-21 15QLL-22 15QLL-23 15QLL-24 15QLL-25
Major element (%)
SiO; 65.50 64.30 64.23 63.54 63.90 65.39 66.32 66.01 64.15 66.33
TiO, 0.55 0.63 0.58 0.58 0.59 0.64 0.60 0.62 0.70 0.62
Al,O3 15.45 15.79 15.80 16.20 15.20 15.94 15.64 15.89 16.20 15.66
Fe,03 4.53 4.73 4.21 4.23 4.40 2.43 2.49 1.42 1.27 2.03
FeO 3.38 3.21 2.64 2.73 2.75 2.08 1.64 1.94 2.58 2.27
MnO 0.07 0.09 0.07 0.08 0.08 0.07 0.07 0.06 0.07 0.07
MgO 1.89 2.30 2.07 2.08 2.04 1.34 1.25 1.37 1.59 1.35
CaO 3.22 4.49 3.70 4.58 4.47 3.67 3.81 3.44 3.42 3.87
Na,O 3.74 3.57 3.38 3.59 3.19 3.57 3.51 3.26 3.03 3.52
K0 1.87 1.65 3.00 2.46 2.80 2.77 2.58 3.98 4.85 2.46
P05 0.14 0.16 0.15 0.15 0.15 0.15 0.15 0.23 0.25 0.15
CO, 0.55 0.32 0.45 0.70 0.86 0.10 0.10 0.10 0.10 0.10
H,O* 2.36 1.64 2.34 1.94 2.12 0.94 1.04 0.86 0.96 0.86
LOI 0.77 1.16 1.27 1.19 1.34 0.76 0.80 0.73 0.77 0.66
A/NK 1.89 2.06 1.79 1.89 1.84 1.80 1.83 1.64 1.58 1.85
A/CNK 1.10 1.00 1.02 0.96 0.93 1.03 1.01 1.00 0.98 1.01
Mg"t 38.3 43.4 44.9 44.5 435 42.9 44.7 48.6 47.4 43.1
REE(ppm)
La 36.3 43.7 28.1 21.3 46.8 30.2 39.5 87.4 94.7 36.5
Ce 54.3 73.9 46.8 41.7 72.2 65.5 80.7 163.0 196.0 77.3
Pr 6.08 9.23 6.00 5.87 7.98 7.20 8.33 16.10 18.70 8.48
Nd 22.9 38.70 27.2 25.9 31.0 26.8 31.8 55.7 69.2 34.6
Sm 3.17 7.04 4.56 5.11 5.01 5.10 5.95 8.04 11.80 6.44
Eu 0.83 1.23 1.08 1.14 1.14 1.20 1.30 1.28 1.76 1.26




Gd 2.59 6.20 3.94 4.61 4.22 4.77 5.26 5.78 9.50 591
Tbh 0.31 0.84 0.55 0.66 0.59 0.86 0.93 1.05 1.63 1.03
Dy 1.62 4.72 3.29 3.82 3.18 4.60 5.14 5.09 8.41 5.79
Ho 0.34 0.91 0.69 0.77 0.66 0.88 0.99 0.92 1.53 1.10
Er 0.94 2.46 1.91 2.29 1.89 2.43 2.75 2.70 4.22 3.31
Tm 0.14 0.32 0.28 0.32 0.27 0.37 0.44 0.37 0.56 0.46
Yb 0.90 2.09 1.83 2.13 1.82 2.24 2.68 2.33 3.59 2.84
Lu 0.14 0.29 0.28 0.32 0.28 0.32 0.38 0.32 0.50 0.39
YREE 131 192 127 116 177 152 186 350 422 185
LREE/
17.70 9.75 8.91 6.77 12.71 8.26 9.02 17.86 13.10 7.90
HREE
Eu/Eu* 0.86 0.56 0.76 0.70 0.74 0.73 0.70 0.55 0.49 0.61
(La/Sm)y 7.39 4.01 3.98 2.69 6.03 3.82 4.29 7.02 5.18 3.66
Trace element (ppm)
Rb 78.7 62.0 143 90.9 158 130 133 184 186 119
Ba 278 475 646 555 601 564 554 900 1164 497
Th 16.7 12.2 10.5 14.4 19.2 12.8 14.0 37.6 41.0 19.2
U 1.93 1.5 2.04 2.29 2.76 1.69 1.57 2.24 2.48 2.26
Nb 7.75 11 9.33 9.45 9.2 18.5 14.5 17.7 23.9 20.7
Ta 0.52 0.88 0.78 0.84 0.81 1.06 1.09 1.09 1.7 1.21
Sr 309 374 374 429 423 256 265 371 355 288
Zr 147 128 122 132 113 217 192 248 361 211
Hf 4.25 4.56 4.18 4.33 3.83 6.26 6.05 7.75 11.1 6.24
Y 9.90 23.0 18.4 21.4 18.2 23.0 23.5 23.6 36.6 29.3
Ni 11.9 13.2 10.7 12.7 11.8 4.1 4.92 10.4 8.83 4.74
Sc 6.40 16.0 9.80 11.3 10.2 9.03 9.61 6.85 10.1 9.81
Continuous Table 1
Rocks granodiorite (yds) (24°31'6"N,98°17'10"E) granite (y1) (24°52'56"N,98°42'43"E)
Sample | 15QML-57 15QML-58 15QML-59 15QML-60 15QML-61 10QTG-38 10QTG-39  10QTG-40  10QTG-41
Major element (%)
SiO; 66.08 66.65 70.85 70.28 68.77 70.31 71.88 69.62 70.33
TiO, 0.60 0.53 0.36 0.37 0.44 0.36 0.32 0.30 0.32
Al,O3 17.00 16.14 15.20 15.71 15.99 14.58 14.25 15.77 14.84
Fe,03 1.25 1.65 0.69 0.78 1.51 0.39 0.35 0.41 0.44
FeO 2.18 2.34 1.46 1.39 1.72 2.10 1.83 1.69 1.83
MnO 0.07 0.08 0.06 0.05 0.07 0.08 0.06 0.06 0.07
MgO 1.59 1.65 1.00 1.07 1.12 0.80 0.70 0.62 0.72
CaO 4.19 3.80 3.11 3.38 3.71 2.16 2.30 2.08 2.19
Na,O 4.37 3.99 3.86 4.11 4.34 3.16 3.36 3.26 3.26
K20 1.68 1.88 2.39 2.09 1.58 491 3.94 4.98 4.85
P05 0.24 0.16 0.08 0.13 0.13 0.08 0.07 0.06 0.07




CO,
H0"
LOI
A/NK
A/CNK
Mg*
REE(ppm)
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
™™
Yb
Lu
YREE
LREE/
HREE
Eu/Eu*
(La/Sm)y
Trace elem
Rb
Ba
Th
u
Nb
Ta
Sr
Zr
Hf
Y
Ni
Sc

0.10
0.86
0.44
1.89
1.02
50.8

11.7
24.5
2.68
12.2
2.52
0.98
2.53
0.48
2.54
0.51
1.33
0.16
0.88
0.14

63

6.37

1.17
3.00
ent (ppm)
80.0
327
2.04
1.03
2.64
0.42
285
155
4.29
12.6
8.58
12.2

0.10
0.82
0.51
1.88
1.04
48.8

29.2
60.1
5.96
21.8
4.21
1.09
4.07
0.60
3.27
0.55
1.45
0.18
1.01
0.16

134

10.84

0.79
4.48

100
337
7.50
0.73
5.57
0.58
428
190
5.48
14.3
8.73
11.7

0.10
0.78
0.58
1.70
1.04
50.2

21.2
44.0
4.35
16.7
3.46
0.92
3.15
0.50
2.95
0.53
1.47
0.19
1.12
0.16

101

9.00

0.84
3.96

93.0

553
7.89
1.01
6.00
0.54
440

119
4.12
13.1
8.59
454

0.10
0.74
0.56
1.74
1.04
52.3

171
32.9
3.46
13.6
3.00
1.02
2.93
0.49
2.42
0.46
1.12
0.12
0.73
0.10

79

8.49

1.04
3.68

81.9

530
4.10
1.34
4.20
0.35

487

114
3.67
11.0
10.7
8.20

0.10
0.76
0.51
1.81
1.03
45.4

39.2
79.1
7.54
28.1
5.16
0.83
4.69
0.76
4.23
0.77
2.00
0.27
1.67
0.24

175

10.93

0.51
4.90

72.1

311
15.0
2.01
7.13
0.73

441

158
4.77
18.2
4.53
3.15

0.44
0.17
0.33
1.39
1.01
38.5

36.0
66.6
7.43
26.5
4.78
0.84
4.56
0.80
4.91
0.99
3.08
0.45
3.02
0.44

160

7.79

0.54
4.86

223
453
21.2
2.85
12.7
1.40
159
115
3.25
29.9
291
7.31

0.36
0.26
0.42
1.45
1.02
38.6

48.4
86.2
9.81
34.1
6.27
0.90
5.50
0.98
5.89
1.22
3.85
0.54
3.66
0.50

208

8.39

0.46
4.98

198

373
385
5.16
13.2
1.67

167
94.5
2.87
33.9
3.08
5.77

0.40
0.17
0.50
1.47
1.08
37.1

42.7
77.5
9.95
354
6.51
0.84
5.37
0.88
5.02
0.98
3.19
0.45
2.88
0.43

192

9.01

0.42
4.23

240
590
27.4
291
11.6
1.20
188
151
3.97
29.0
2.99
5.09

0.44
0.17
0.45
1.40
1.02
38.8

42.8
79.3
9.19
32.0
6.33
0.91
5.72
1.04
6.58
131
4.20
0.57
3.83
0.56

194

7.16

0.45
4.36

238
501
33.2
3.42
14.3
1.62
191
118
3.32
39.3
3.27
6.47

Continuous Table 1

Rocks

granite (y2) (24°26'33"N,98°23'14"E)

granite (ys) (24°27'45"N,98°16'8"E)




Sample | 15QML-5  15QML-6  15QML-7  15QML-8  15QML-9  15QML-83 15QML-84 15QML-85 15QML-86  15QML-87
Major element (%)
SiO, 74.48 76.19 76.28 72.18 76.49 73.16 74.29 74.41 74.05 74.87
TiO; 0.18 0.11 0.12 0.24 0.12 0.22 0.21 0.22 0.17 0.20
Al,O3 13.18 12.64 12.87 14.33 12.80 13.96 13.23 13.14 13.69 13.15
Fe,0; 0.44 0.12 0.19 0.34 0.16 1.00 1.08 1.19 0.98 1.13
FeO 1.65 0.90 0.82 2.29 0.70 0.73 0.51 0.50 0.43 0.44
MnO 0.06 0.03 0.02 0.11 0.02 0.04 0.03 0.04 0.03 0.04
MgO 0.50 0.23 0.24 0.53 0.20 0.37 0.33 0.35 0.28 0.32
Cao 0.89 0.84 0.85 1.45 0.87 1.69 151 1.56 1.64 1.48
Na,O 241 2.29 2.37 2.66 2.39 3.16 2.96 2.95 3.14 2.95
K20 4.61 5.66 5.61 4.51 5.60 4.28 4.42 418 4.25 4.45
P,0s 0.03 0.03 0.03 0.04 0.03 0.05 0.05 0.05 0.04 0.05
CO; 0.10 0.10 0.14 0.10 0.10 0.15 0.10 0.10 0.10 0.10
H,O" 1.26 0.66 0.76 0.94 1.06 0.78 0.70 0.78 0.62 0.62
LOI 1.22 0.75 0.72 1.06 0.54 0.78 0.72 0.72 0.78 0.67
A/NK 1.47 1.28 1.29 1.55 1.28 1.42 1.37 1.40 1.40 1.36
A/CNK 1.25 1.11 1.12 1.20 1.11 1.08 1.07 1.08 1.07 1.06
Mg* 325 30.1 321 27.9 31.6 35.9 37.1 37.6 36.4 37.6
REE(ppm)
La 55.5 40.7 41.0 79.1 40.1 32.9 32.9 30.7 41.3 24.2
Ce 126 94.9 88.5 168 90.6 68.2 68.8 63.6 88.5 49.8
Pr 12.6 9.81 9.52 17.8 9.90 7.52 7.26 6.45 8.59 5.24
Nd 44.8 37.1 38.6 65.8 37.0 25.6 25.3 23.1 31.8 19.7
Sm 8.91 7.04 6.50 11.8 6.96 4.96 5.10 4.35 5.68 3.87
Eu 0.77 0.65 0.73 0.99 0.76 0.58 0.57 0.63 0.63 0.57
Gd 8.02 5.68 5.36 10.3 5.77 4.93 4.95 3.82 4.26 3.55
Tb 1.27 0.93 0.92 1.84 0.91 0.73 0.79 0.64 0.77 0.56
Dy 7.73 5.08 4.70 9.33 4.45 4.04 4.09 3.58 3.89 3.29
Ho 143 1.03 0.93 1.94 0.81 0.69 0.69 0.62 0.72 0.59
Er 4.35 3.28 2.97 5.47 2.29 1.96 1.85 1.74 1.96 1.73
m 0.71 0.51 0.45 0.85 0.33 0.27 0.25 0.25 0.28 0.25
Yb 4.75 3.40 2.97 6.35 2.23 1.63 1.57 1.50 1.86 1.59
Lu 0.75 0.58 0.46 0.88 0.33 0.25 0.23 0.23 0.27 0.25
>REE 278 211 204 380 202 154 154 141 191 115
LREE/
8.57 9.28 9.85 9.29 10.82 9.64 9.70 10.41 12.60 8.75
HREE
E/EU* 0.27 0.30 0.37 0.27 0.36 0.35 0.34 0.46 0.16 0.46
(La/Sm)y 4.02 3.73 4.07 4.33 3.72 4.28 4.16 4.56 3.60 4.04
Trace element (ppm)
Rb 137 171 163 163 179 202 204 182 182 195
Ba 538 326 393 531 350 449 435 407 400 384
Th 43.8 36.8 35.4 54.1 34.5 31.6 28.3 31.7 43.7 27.5
U 2.97 3.16 3.21 3.53 3.01 1.8 1.61 1.7 2.25 1.72




Nb 10.5 5.68 5.75 12.7 5.42 12.9 12.3 8.36 6.91 8.02
Ta 0.53 0.39 0.41 0.65 0.38 0.71 0.78 0.68 0.74 0.71
Sr 69.7 60.2 57.8 70.2 57.2 98.4 90.7 97.8 94.5 91.6
Zr 158 119 117 295 146 123 117 123 99 126
Hf 6.03 4.94 4.94 10.8 5.82 4.14 3.82 4.2 3.85 4.39
Y 36.7 25.9 23.5 43.2 20.4 19.2 18.9 17.7 17.8 17.4
Ni 1.54 0.6 0.87 1.88 1.89 1.42 1.21 1.96 1.51 2.03
Sc 6.18 3.07 3 9.12 2.31 4.49 4.47 4.35 3.22 4.10
Continuous Table 1
Rocks granite (ys) (24°3'57"N,97°50"14"E) granite (ys) (22°57'39"N,103°11'8"E)
Sample | 15QLR-5 15QLR-6  15QLR-7 15QLR-8  16QLM-1  16QLM-2  16QLM-3 < 16QLM-4  16QLM-5
Major element (%)
SiO; 70.97 70.93 69.82 70.68 75.63 74.85 74.11 74.09 72.51
TiO, 0.40 0.36 0.43 0.39 0.20 0.19 0.21 0.25 0.28
Al,O3 14.36 14.25 14.48 14.19 12.46 13.79 13.49 13.41 13.88
Fe,O3 0.55 0.67 1.02 0.82 0.42 0.46 0.84 0.66 1.15
FeO 2.26 1.94 2.08 2.07 0.88 0.88 0.56 0.99 0.74
MnO 0.07 0.08 0.09 0.08 0.04 0.04 0.03 0.05 0.04
MgO 1.36 1.22 1.50 1.36 0.39 0.41 0.40 0.49 0.53
CaO 3.00 2.85 3.24 3.00 1.30 1.47 1.50 1.55 1.55
Na,O 3.25 3.18 3.32 3.12 2.68 3.20 3.00 2.96 3.05
K0 3.32 3.74 3.27 3.59 461 4.56 4.79 4.61 4.92
P,Os 0.10 0.09 0.10 0.10 0.04 0.05 0.05 0.05 0.06
CO, 0.10 0.12 0.10 0.10 0.17 0.17 0.17 0.17 0.17
H,O" 0.62 0.66 0.64 0.60 0.69 0.41 0.57 0.28 0.86
LOI 0.33 0.43 0.33 0.43 0.52 0.53 0.67 0.33 0.76
A/NK 1.61 1.54 1.61 1.57 1.33 1.35 1.33 1.36 1.34
AJCNK 1.00 0.99 0.97 0.98 1.06 1.07 1.05 1.06 1.05
Mg# 49.2 49.2 51.3 49.9 394 40.2 43.2 40.4 42.9
REE(ppm)
La 43.9 31.3 48.2 55.1 42.6 25.2 25.7 38.7 28.9
Ce 85.0 64.2 97.0 107.0 80.5 475 51.3 75.3 57.9
Pr 8.20 6.26 8.88 10.5 8.39 5.07 5.82 8.18 6.62
Nd 29.6 21.7 30.80 32.10 27.9 17.2 20.6 27.5 23.6
Sm 4.65 4.07 5.91 5.45 4.63 3.17 4.29 5.07 4.97
Eu 0.75 0.61 0.85 0.85 0.55 0.56 0.55 0.64 0.66
Gd 4.00 3.46 5.83 4.66 4.27 3.03 4.24 4.80 4.93
Tb 0.77 0.72 1.02 0.95 0.66 0.47 0.71 0.79 0.83
Dy 4.74 4.24 6.72 5.43 4.19 291 4.61 5.17 5.52
Ho 0.95 0.92 1.36 121 0.87 0.62 1.01 1.09 1.19
Er 3.21 3.13 4.50 3.56 2.84 1.95 3.25 3.51 3.88




™™
Yb
Lu
YREE
LREE/
HREE
Eu/Eu*
(La/Sm)y
Trace elem
Rb
Ba
Th
u
Nb
Ta
Sr
Zr
Hf
Y
Ni
Sc

0.53
3.84
0.63

191

9.22

0.52
6.09
ent (ppm)
236
389
29.8
6.16
18.5
3.08
207
146
5.33
29.7
7.35
7.04

0.53
3.98
0.65

146

7.27

0.48
4.96

240
386
31.2
8.8
20.6
3.16
206
114
4.03
29.1
6.64
8.11

0.83
5.64
0.91

218

7.15

0.44
5.27

214
380
35.8
8.21
22.7
4.98
200
127
4.95
39.1
7.42
8.65

0.62
4.69
0.68

233

9.68

0.50
6.53

231
455
34.6
5.72
17.6
2.63
199
117
4.39
33.7
7.48
8.84

0.44
3.15
0.49

181

9.73

0.37
5.94

244

218
35.6
3.57
13.4
1.88

108
69.5
3.03
25.4
1.33
4.41

0.31
2.11
0.34

110

8.41

0.54
5.13

236
416
27.8
3.38
9.45
11
163
73.6
3.1
17.6
1.39
4.53

0.52
3.85
0.60

127

5.76

0.39
3.87

259
286
335
4.02
15.4
181
121
825
3.56
29.1
1.41
4.1

0.55
3.89
0.60

176

7.62

0.39
4.93

246
304
38.4
4.2
15.8
2.08
122
89.3
3.85
30.8
1.58
4.93

0.63
4.41
0.69

145

5.55

0.40
3.75

280
302
40.0
4.92
18.2
2.47
122
113
4.86
34.5
1.59
55




Table 2

Pb Th U age (Ma)

Spot Thi  *"Pb/ 27pp 206ppy/
10 10 10 206ppy/

No. ppm u 206pp 1235 8y 20 10
15QLP-9(5,)
1 141 1542 1420 1.1 0.04902 0.00272 0.12501 0.00659 0.01883 0.00025 120 1.6
2 228 2678 2421 11 0.05095 0.00223 0.12508 0.00548 0.01782 0.00021 - 114 1.3
3 137 279 1459 0.2 0.06204 0.00202 0.51179 0.01648 0.05957 0.00051 ~ 373 3.1
4 38 252 701 0.4 004857 0.00298 0.13015 0.00772 0.01965 0.00029 = 125 1.9
5 57 520 1121 05 0.04980 0.00468 0.11756 0.01109 0.01730-°0.00032 111 2.0
6 32 251 847 0.3 005151 0.00437 0.12592 0.00987 0.01817  0.00043 116 2.7
7 147 1518 1176 1.3 0.05049 0.00358 0.13863 0.00966 0.01981 0.00031 126 2.0
8 139 1402 1826 0.8 0.05146 0.00236 0.13652 0.00634  0.01927 0.00025 123 16
9 261 3148 2287 1.4 0.04747 0.00170 0.11757 0.00444 0.01801 0.00024 115 1.5
10 183 2116 1758 1.2 0.04807 0.00205 0.12200 0.00558 0.01833 0.00026 117 16
11 902 11300 5444 2.1  0.04778 0.00132 0.11803 0.00343 0.01794 0.00024 115 15
12 620 8008 4217 19 004808 0.00144 ©.11756 0.00368 0.01761 0.00019 113 1.2
13 314 3515 2359 15 0.05033 0.00198 0.13171 0.00515 0.01893 0.00022 121 1.4
14 484 5785 3314 1.7 0.04804 0.00172  0.12419 0.00442 0.01874 0.00025 120 1.6
15 188 1988 2193 0.9 0.04750- 0.00202 0.12330 0.00539 0.01877 0.00021 120 1.4
16 341 3948 2930 1.3 0.05106 0.00190 0.12625 0.00438 0.01802 0.00018 115 1.1
17 279 3063 2215 1.4 .0.04721° 0.00188 0.12405 0.00515 0.01902 0.00027 121 1.7
18 569 6822 3450 2.0 0.04796 0.00155 0.12054 0.00391 0.01817 0.00019 116 1.2
19 618 7418 4104 1.8 0.04849 0.00180 0.13053 0.00542 0.01935 0.00026 124 16
20 110 1060 1255 0.8 0.04950 0.00246 0.12911 0.00633 0.01897 0.00027 121 1.7
21 147 1529 1346 1.1 0.04821 0.00255 0.13446 0.00738 0.02019 0.00033 129 2.1
22 25 193 521 0.4 0.05605 0.00565 0.13423 0.01242 0.01831 0.00048 117 3.0
15QML-65(52)
1 23 ..246 178 1.4 013903 001718 0.31150 0.03046 0.01922 0.00061 123 3.9
2 42 419 328 13 008319 000610 0.24530 0.02157 0.02036 0.00056 130 3.5
3 42 438 262 1.7 010495 0.01279 0.22321 0.01690 0.01798 0.00046 115 2.9
4 97 969 545 1.8 0.05175 0.00370 0.13438 0.00961 0.01907 0.00035 122 2.2
5 117 1316 761 1.7 0.05293 0.00396 0.13010 0.00906 0.01867 0.00031 119 2.0
6 162 1619 781 2.1 0.05584 0.00332 0.15124 0.00907 0.01989 0.00033 127 2.1
7 287 3022 1342 2.3 0.04963 0.00249 0.12762 0.00605 0.01905 0.00026 122 1.7
8 95 1061 579 1.8 0.05587 0.00530 0.13131 0.01217 0.01738 0.00038 111 2.4
9 74 718 590 1.2 0.06569 0.00424 0.16535 0.01032 0.01856 0.00032 119 2.0
10 282 2897 1274 2.3 0.05469 0.00290 0.14266 0.00717 0.01926 0.00025 123 16
11 89 894 551 16 0.06789 0.00457 0.17148 0.01149 0.01875 0.00035 120 2.2
12 49 549 319 1.7 0.07802 0.00620 0.19621 0.01456 0.01853 0.00045 118 2.8
13 34 351 311 11 0.06224 0.00661 0.14623 0.01464 0.01779 0.00052 114 33
14 47 511 325 1.6 0.08325 0.00723 0.19478 0.01501 0.01857 0.00042 119 2.7
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128
92
169
221
76
87

49
20
26
67
62
36
16
42
22
31
87
16
29
22
34
35
40
25
27
21
23
41

226
114
149
111
142
141
197
382
106
256
75

234
83

88

1404
997
1656
2432
782
867

504
193
220
620
617
362
147
445
180
320
815
158
260
193
319
354
412
250
259
207
217
365

1501
881
1158
856
1066
1011
1536
2956
813
1817
573
2153
649
706

807
576
832
1054
602
485

407
219
520
590
626
397
218
470
259
338
826
185
278
250
347
375
379
282
277
241
339
323

3249
1322
1298
1225
1343
1914
1921
5414
957

4444
962

3395
850

1413

17
17
2.0
2.3
13
18

12
0.9
0.4
11
1.0
0.9
0.7
0.9
0.7
0.9
1.0
0.9
0.9
0.8
0.9
0.9
11
0.9
0.9
0.9
0.6
11

0.5
0.7
0.9
0.7
0.8
0.5
0.8
0.5
0.8
0.4
0.6
0.6
0.8
0.5

0.05491
0.05330
0.05248
0.04855
0.05473
0.08114

0.04914
0.06130
0.05303
0.05015
0.04896
0.04876
0.05490
0.04816
0.06290
0.04673
0.04580
0.04735
0.05051
0.05610
0.05417
0.04909
0.05066
0.05207
0.05488
0.05534
0.05525
0.05184

0.05066
0.05362
0.05212
0.05146
0.05225
0.04883
0.04780
0.05047
0.05454
0.04958
0.05177
0.04900
0.05222
0.05120

0.00371
0.00431
0.00451
0.00301
0.00429
0.00558

0.00280
0.00353
0.00342
0.00230
0.00219
0.00276
0.00507
0.00263
0.00424
0.00380
0.00197
0.00377
0.00360
0.00420
0.00337
0.00294
0.00302
0.00439
0.00360
0.00447
0.00343
0.00287

0.00212
0.00265
0.00289
0.00261
0.00259
0.00209
0.00205
0.00155
0.00295
0.00155
0.00317
0.00166
0.00341
0.00270

0.13408
0.13535
0.13911
0.12207
0.13385
0.21182

0.12710
0.15841
0.13768
0.13691
0.13040
0.12348
0.13727
0.12775
0.16174
0.11830
0.12634
0.12959
0.13024
0.15242
0.14257
0.12539
0.13020
0.12989
0.14768
0.12923
0.13480
0.14069

0.14002
0.14635
0.13834
0.14954
0.14999
0.13630
0.13164
0.13237
0.15680
0.13828
0.14141
0.13014
0.13972
0.12283

0.00869
0.01059
0.01149
0.00726
0.00963
0.01376

0.00696
0.00896
0.00900
0.00615
0.00578
0.00697
0.01078
0.00652
0.01041
0.00780
0.00466
0.01005
0.00822
0.01020
0.00821
0.00705
0.00760
0.01031
0.00974
0.00961
0.00825
0.00736

0.00574
0.00699
0.00777
0.00757
0.00724
0.00587
0.00573
0.00409
0.00865
0.00423
0.00844
0.00489
0.00867
0.00612

0.01816
0.01875
0.01982
0.01838
0.01847
0.01967

0.01903
0.01917
0.01883
0.01987
0.01923
0.01831
0.01915
0.01913
0.01863
0.01911
0.01968
0.01990
0.01964
0.02052
0.01975
0.01876
0.01861
0.01848
0.01952
0.01754
0.01804
0.02008

0.02026
0.02035
0.01961
0.02116
0.02113
0.02063
0.02015
0.01912
0.02092
0.02030
0.02028
0.01915
0.01993
0.01789

0.00029
0.00040
0.00040
0.00027
0.00033
0.00035

0.00030
0.00034
0.00031
0.00027
0.00023
0.00025
0.00036
0.00028
0.00034
0.00028
0.00024
0.00037
0.00035
0.00035
0.00032
0.00026
0.00028
0.00040
0.00031
0.00041
0.00030
0.00032

0.00033
0.00040
0.00039
0.00032
0.00033
0.00038
0.00033
0.00030
0.00031
0.00029
0.00033
0.00028
0.00036
0.00032

116
120
127
117
118
126

122
122
120
127
123
117
122
122
119
122
126
127
125
131
126
120
119
118
125
112
115
128

129
130
125
135
135
132
129
122
133
130
129
122
127
114

18
2.5
2.5
17
2.1
2.2

1.9
21
1.9
17
1.4
1.6
2.3
1.8
2.1
1.8
15
2.3
2.2
2.2
2.0
17
1.8
2.5
1.9
2.6
1.9
2.0

2.1
2.5
2.5
2.0
2.1
2.4
2.1
1.9
2.0
1.8
2.1
1.8
2.3
2.0



15 135 1110
16 108 928
17 120 1019
18 58 470
19 34 237
20 158 1288
21 183 1381
22 119 913
15QML-57 (y55)

1 30 243
2 212 1933
3 45 417
4 90 931
5 42 426
6 66 645
7 52 475
8 a7 456
9 74 77
10 126 1297
11 48 446
12 90 934
13 36 353
14 65 612
15 71 705
16 79 788
17 53 525
18 32 293
19 32 307

20 55 501
10QTG-42(y1)

1 64 1385
2 16 375
3 30 828
4 7 204
5 6 140
6 10 773
7 20 696
8 22 606
9 14 609
10 10 334
11 14 620
12 13 485
13 10 389
14 18 617

1560
1247
1155
702

561

1749
1186
1574

318
2410
350
759
505
624
343
511
718
960
512
834
444
716
719
707
609
371
446
489

2646
656
1234
265
228
298
689
825
563
370
512
509
362
680

0.7
0.7
0.9
0.7
0.4
0.7
12
0.6

0.8
0.8
1.2
12
0.8
1.0
14
0.9
11
14
0.9
11
0.8
0.9
1.0
1.1
0.9
0.8
0.7
1.0

0.5
0.6
0.7
0.8
0.6
2.6
1.0
0.7
11
0.9
1.2
1.0
11
0.9

0.05048
0.04778
0.05280
0.05197
0.05569
0.04830
0.05429
0.04812

0.08319
0.04995
0.06965
0.05363
0.05884
0.05668
0.07539
0.06336
0.05620
0.05468
0.05712
0.05265
0.06705
0.04651
0.05376
0.04967
0.05007
0.06998
0.04913
0.05697

0.04933
0.04910
0.04830
0.05261
0.05338
0.04712
0.05401
0.04933
0.05338
0.05759
0.05209
0.05284
0.04649
0.05522

0.00231
0.00269
0.00274
0.00319
0.00373
0.00188
0.00283
0.00232

0.01147
0.00185
0.00715
0.00350
0.00518
0.00360
0.00795
0.00510
0.00509
0.00412
0.00758
0.00307
0.00518
0.00319
0.00348
0.00339
0.00427
0.00557
0.00398
0.00485

0.00130
0.00165
0.00166
0.00279
0.00271
0.00420
0.00248
0.00154
0.00218
0.00294
0.00262
0.00188
0.00205
0.00226

0.14107
0.12215
0.14031
0.14206
0.16935
0.13376
0.15200
0.12876

0.20507
0.13817
0.17504
0.13775
0.14526
0.14738
0.20314
0.16027
0.14233
0.14273
0.13425
0.13279
0.16900
0.12036
0.14240
0.12764
0.12193
0.18318
0.12461
0.14265

0.13383
0.12961
0.12632
0.13574
0.13712
0.11410
0.14662
0.14056
0.13141
0.14801
0.13746
0.13343
0.12270
0.15049

0.00648
0.00676
0.00720
0.00883
0.01107
0.00571
0.00789
0.00642

0.02163
0.00514
0.01619
0.00861
0.01165
0.00884
0.01895
0.01306
0.01261
0.01093
0.01564
0.00756
0.01301
0.00839
0.00904
0.00901
0.01021
0.01384
0.00989
0.01116

0.00366
0.00433
0.00412
0.00728
0.00668
0.00976
0.00662
0.00445
0.00526
0.00713
0.00690
0.00464
0.00524
0.00647

0.02041
0.01886
0.01948
0.02002
0.02259
0.01995
0.02044
0.01942

0.01949
0.01999
0.01918
0.01893
0.01913
0.01939
0.02052
0.01888
0.01855
0.01928
0.01807
0.01877
0.01850
0.01888
0.01936
0.01850
0.01827
0.01912
0.01871
0.01938

0.01950
0.01904
0.01893
0.01874
0.01881
0.01790
0.01964
0.02065
0.01790
0.01883
0.01903
0.01839
0.01931
0.01955

0.00030
0.00035
0.00036
0.00032
0.00049
0.00025
0.00036
0.00033

0.00052
0.00022
0.00060
0.00036
0.00051
0.00032
0.00056
0.00039
0.00035
0.00027
0.00042
0.00032
0.00034
0.00033
0.00027
0.00034
0.00029
0.00040
0.00032
0.00038

0.00018
0.00018
0.00019
0.00026
0.00028
0.00032
0.00021
0.00026
0.00018
0.00023
0.00020
0.00018
0.00022
0.00022

130
120
124
128
144
127
130
124

124
128
122
121
122
124
131
121
118
123
115
120
118
121
124
118
117
122
120
124

124
122
121
120
120
114
125
132
114
120
122
117
123
125

1.9
2.2
2.3
2.0
3.1
1.6
2.3
21

3.3
1.4
3.8
2.3
3.2
2.0
3.6
2.5
2.2
17
2.7
2.0
2.2
2.1
17
2.1
1.8
2.5
2.0
2.4

11
11
1.2
1.6
1.8
2.0
13
1.6
11
1.4
13
11
14
14



15 19 599
16 33 1098
17 1 349
18 6 250
19 14 570
20 19 504
15QML-5(y2)

1 78 547
2 71 437
3 99 680
4 104 680
5 973 7982
6 76 425
7 73 477
8 111 673
9 63 444
10 265 1983
11 195 1277
12 95 624
13 54 360
14 159 1305
15 274 1950
16 100 763
17 178 1443
18 78 547
19 205 1712
20 111 942
21 164 1421
22 56 479
23 72 609
24 81 661
25 85 760

26 .98 762
15QML-83 (y3)

1 179 1790
2 152 1709
3 222 2372
4 310 3868
5 170 1693
6 122 1177
7 75 783

8 82 847

9 134 1219
10 203 2452

672
1232
426
236
532
719

733
722
1025
1588
5413
1222
625
1163
767
1351
3005
1054
486
1156
2894
862
1298
1043
2211
1089
1276
543
656
889
770
850

3085
1486
3602
2685
2677
2764
1262
1524
2315
2729

0.9
0.9
0.8
11
11
0.7

0.7
0.6
0.7
0.4
15
0.3
0.8
0.6
0.6
15
0.4
0.6
0.7
11
0.7
0.9
11
0.5
0.8
0.9
11
0.9
0.9
0.7
1.0
0.9

0.6
11
0.7
14
0.6
0.4
0.6
0.6
0.5
0.9

0.05222
0.05292
0.05121
0.05259
0.05016
0.04937

0.05568
0.04919
0.05592
0.05017
0.04971
0.05063
0.04940
0.04995
0.05471
0.05045
0.04902
0.05697
0.06170
0.05017
0.05417
0.05454
0.05180
0.05423
0.05003
0.04923
0.05365
0.06584
0.05762
0.05702
0.04898
0.05038

0.04733
0.04771
0.04735
0.04647
0.04685
0.04814
0.04725
0.04924
0.04714
0.04599

0.00189
0.00152
0.00209
0.00381
0.00212
0.00175

0.00347
0.00365
0.00296
0.00308
0.00176
0.00313
0.00383
0.00305
0.00389
0.00247
0.00195
0.00377
0.00808
0.00291
0.00216
0.00343
0.00274
0.00291
0.00201
0.00293
0.00289
0.00611
0.00583
0.00477
0.00319
0.00338

0.00109
0.00141
0.00102
0.00117
0.00119
0.00123
0.00158
0.00155
0.00123
0.00113

0.15046
0.14469
0.13135
0.12887
0.12503
0.14321

0.15320
0.14398
0.15595
0.13490
0.12889
0.13793
0.13537
0.13752
0.14188
0.13700
0.14695
0.15132
0.16407
0.13377
0.15823
0.14874
0.14138
0.14625
0.13206
0.13277
0.14390
0.15846
0.15799
0.14416
0.13222
0.14511

0.11207
0.12197
0.11333
0.10844
0.11344
0.11196
0.11915
0.12399
0.11298
0.10633

0.00555
0.00426
0.00536
0.00935
0.00518
0.00522

0.00914
0.01089
0.00825
0.00769
0.00414
0.00823
0.01009
0.00865
0.00957
0.00675
0.00596
0.00881
0.02093
0.00728
0.00663
0.00858
0.00724
0.00727
0.00521
0.00767
0.00755
0.01260
0.01446
0.01189
0.00867
0.00904

0.00268
0.00371
0.00256
0.00275
0.00296
0.00287
0.00407
0.00402
0.00287
0.00263

0.02086
0.01974
0.01859
0.01779
0.01805
0.02095

0.02066
0.02105
0.02046
0.01987
0.01909
0.02036
0.02028
0.02069
0.01926
0.01977
0.02166
0.02005
0.01977
0.01971
0.02088
0.02065
0.01992
0.02005
0.01919
0.01966
0.01963
0.01908
0.02116
0.01900
0.01973
0.02157

0.01703
0.01844
0.01722
0.01683
0.01748
0.01681
0.01821
0.01825
0.01731
0.01668

0.00026
0.00018
0.00021
0.00031
0.00020
0.00020

0.00046
0.00047
0.00037
0.00037
0.00035
0.00043
0.00044
0.00058
0.00045
0.00038
0.00037
0.00046
0.00062
0.00032
0.00033
0.00039
0.00026
0.00032
0.00022
0.00029
0.00028
0.00047
0.00058
0.00039
0.00033
0.00033

0.00018
0.00021
0.00016
0.00015
0.00018
0.00017
0.00023
0.00022
0.00015
0.00016

133
126
119
114
115
134

132
134
131
127
122
130
129
132
123
126
138
128
126
126
133
132
127
128
123
126
125
122
135
121
126
138

109
118
110
108
112
107
116
117
111
107

1.6
11
13
2.0
1.2
13

2.9
2.9
2.3
2.3
2.2
2.7
2.8
3.7
2.9
2.4
2.3
2.9
3.9
2.0
2.1
2.5
17
2.0
1.4
1.8
1.8
2.9
3.7
2.5
2.1
2.1

11
13
1.0
0.9
11
11
15
14
1.0
1.0



11
12
13
14
15
16
17
18
19
20

222
254
74
176
76
32
230
72
111
162

15QLR-4(y4)
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23

24
25
26

15QLM-37(ys)

1

2
3
4
5

116
86
185
85
193
103
21
195
168
49
190
90
117
110
355
126
51
68
96
107
103
126

224

129
124
82

99
72
125
166
133

2468
2914
829
1591
692
76.4
2502
729
1038
417

1214
874
1880
897
1904
1078
190
2255
1755
500
1894
886
1164
1102
4382
1326
435
707
951
1187
1055
1395

1990

1361
1306
723

885
597
1190
1723
1253

4376
3379
1201
4696
1856
1104
4989
1208
2737
635

1165
1064
2175
1180
1560
1196
4550
1738
4242
831

2421
937

1268
1331
2070
1264
3983
800

1068
1281
1059
1138
1163

1066
1339
601

1297
1110
1482
1139
2019

0.6
0.9
0.7
0.3
0.4
0.1
0.5
0.6
0.4
0.7

1.0
0.8
0.9
0.8
12
0.9
0.0
13
0.4
0.6
0.8
0.9
0.9
0.8
2.1
1.0
0.1
0.9
0.9
0.9
1.0
1.2

0.2

13
1.0
1.2

0.7
0.5
0.8
15
0.6

0.04695
0.04643
0.04813
0.04808
0.04773
0.04973
0.04525
0.04784
0.04665
0.05633

0.04965
0.05360
0.04615
0.04931
0.05091
0.04991
0.04881
0.04792
0.04788
0.04705
0.05204
0.05226
0.05221
0.05286
0.05257
0.04827
0.04906
0.05059
0.05383
0.04918
0.05304
0.04989

0.04793

0.05039
0.05039
0.05503

0.0480
0.0520
0.0496
0.0460
0.0483

0.00103
0.00108
0.00150
0.00120
0.00146
0.00143
0.00099
0.00162
0.00122
0.00142

0.00270
0.00261
0.00171
0.00260
0.00242
0.00239
0.00263
0.00215
0.00185
0.00303
0.00184
0.00267
0.00262
0.00244
0.00217
0.00263
0.00338
0.00327
0.00273
0.00223
0.00283
0.00251

0.00129

0.00274
0.00235
0.00618

0.0025
0.0026
0.0024
0.0027
0.0021

0.10957
0.11074
0.11600
0.11766
0.12080
0.20831
0.10648
0.11964
0.11153
0.48045

0.12570
0.13316
0.12879
0.12217
0.13755
0.12304
0.03135
0.12000
0.07982
0.12009
0.14750
0.13854
0.13404
0.13797
0.13106
0.12323
0.03782
0.12812
0.14073
0.11356
0.14531
0.12120

0.06714

0.13085
0.12765
0.15003

0.1284
0.1369
0.1308
0.1206
0.1207

0.00235
0.00261
0.00344
0.00300
0.00380
0.00582
0.00228
0.00406
0.00290
0.01611

0.00671
0.00655
0.00493
0.00620
0.00642
0.00562
0.00154
0.00520
0.00350
0.00757
0.00555
0.00657
0.00669
0.00633
0.00520
0.00676
0.00259
0.00844
0.00723
0.00544
0.00845
0.00597

0.00187

0.00670
0.00568
0.01513

0.0065
0.0068
0.0063
0.0068
0.0053

0.01683
0.01719
0.01747
0.01761
0.01821
0.03023
0.01692
0.01807
0.01721
0.06084

0.01851
0.01818
0.02024
0.01812
0.01959
0.01795
0.00478
0.01821
0.01185
0.01874
0.02046
0.01959
0.01848
0.01900
0.01811
0.01853
0.00556
0.01872
0.01887
0.01675
0.01954
0.01765

0.01014

0.01932
0.01861
0.02131

0.0197
0.0191
0.0192
0.0191
0.0180

0.00014
0.00017
0.00018
0.00020
0.00022
0.00032
0.00014
0.00019
0.00015
0.00135

0.00025
0.00030
0.00032
0.00022
0.00021
0.00021
0.00008
0.00023
0.00024
0.00028
0.00032
0.00029
0.00023
0.00026
0.00020
0.00026
0.00010
0.00029
0.00024
0.00032
0.00033
0.00021

0.00012

0.00034
0.00022
0.00058

0.0003
0.0003
0.0002
0.0003
0.0002

108
110
112
113
116
192
108
115
110
381

118
116
129
116
125
115
31
116
76
120
131
125
118
121
116
118
36
120
121
107
125
113

65

123
119
136

126
122
122
122
115

0.9
11
11
1.2
1.4
2.0
0.9
12
0.9
8.2

1.6
1.9
2.0
1.4
13
13
0.5
15
15
1.8
2.0
1.8
1.4
1.6
13
1.6
0.6
1.8
15
2.0
2.1
13

0.8

2.1
1.4
3.7

1.8

1.7

15

13



© 0o ~N O

11
12
13
14
15
16
17
18
19
20
21
22

181
150
143
216
66.0
27.8
88
126
241
51.1
127
119
126
277
166
83
7

1656
1493
886
2444
668
258
847
1167
2277
339
1268
1022
1287
3043
1310
804
695

1860
1363
1045
1664
905
317
969
1483
2837
683
1419
1315
871
1371
2822
989
1078

0.9
11
0.8
15
0.7
0.8
0.9
0.8
0.8
0.5
0.9
0.8
15
2.2
0.5
0.8
0.6

0.0502
0.0496
0.0828
0.0523
0.0542
0.0856
0.0483
0.0461
0.0502
0.0561
0.0489
0.0538
0.0538
0.0495
0.0481
0.0539
0.0464

0.0020
0.0026
0.0056
0.0028
0.0038
0.0070
0.0029
0.0026
0.0017
0.0051
0.0024
0.0024
0.0040
0.0025
0.0019
0.0047
0.0026

0.1366
0.1320
0.2461
0.1312
0.1297
0.2258
0.1301
0.1213
0.1298
0.1485
0.1241
0.1534
0.1329
0.1291
0.1255
0.1324
0.1200

0.0051
0.0070
0.0178
0.0070
0.0088
0.0179
0.0083
0.0066
0.0044
0.0113
0.0060
0.0069
0.0098
0.0065
0.0050
0.0110
0.0066

0.0200
0.0193
0.0214
0.0183
0.0174
0.0200
0.0196
0.0193
0.0186
0.0202
0.0187
0.0208
0.0180
0.0191
0.0189
0.0182
0.0189

0.0003
0.0003
0.0003
0.0002
0.0003
0.0005
0.0003
0.0002
0.0002
0.0003
0.0002
0.0003
0.0003
0.0003
0.0002
0.0003
0.0003

128
123
137
117
111
128
125
123
119
129
120
132
115
122
121
117
121

1.6
1.9
18
14
17
3.1
1.9
15
12
2.2
15
17
2.1
17
1.2
2.1
1.6
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Table 3

S’\Ipom YO HE 10 T8 M HE 1o 1oy b/ HE 10 eHf(t) 10 Tom  Tom®

15QML-65
4 0.28279 0.00003  0.00130 0.00001  0.04782 0.00037 3.1 11 664 873
5 0.28279 0.00003  0.00127 0.00001  0.04372 0.00032 3.1 1.1 661 869
6 0.28279 0.00003  0.00194 0.00002  0.06754 0.00052 3.1 1.3 674 874
7 0.28280 0.00003  0.00188 0.00002  0.06013 0.00051 3.3 12 662 858
8 0.28279 0.00002  0.00128 0.00002  0.03827 0.00058 3.1 0.9 663 871
9 0.28283 0.00003  0.00107 0.00000  0.03619 0.00027 4.6 1.3 599 787
10 0.28280 0.00003  0.00204 0.00002  0.06465 0.00126 3.6 12 655 845
11 0.28282 0.00002  0.00112 0.00003  0.03456 0.00091 4.2 1.0 617 811
12 0.28285 0.00003  0.00092 0.00002  0.03367 0.00108 = 54 10 567 744
13 0.28284 0.00005  0.00113 0.00002  0.03983 0.00066. 5.0 1.8 584 766
14 0.28299 0.00004  0.00076 0.00002  0.02738 0.00071 10.3 1.5 367 467
15 0.28281 0.00002  0.00212 0.00005  0.07700 0.00207 3.9 10 641 825
16 0.28285 0.00002  0.00112 0.00000  .0.03589 0.00030 5.3 1.0 573 750
17 0.28284 0.00002  0.00176 0.00002 - 0.06403 0.00075 49 09 596 771
18 0.28273 0.00006  0.00160 0.00001  0.06234 0.00066 1.2 22 746 979
19 0.28277 0.00003  0.00102 .0.00001  0.03556 0.00031 2.4 1.0 686 909
20 0.28276 0.00003  0.00126  0.00002  0.04758 0.00094 2.1 1.0 703 928

15QMH-1
1 0.28261 0.00002 0.00129 0.00001  0.04492 0.00114 -3.4 0.8 920 1229
2 0.28266 0.00002  0.00080 0.00002  0.02417 0.00038 -1.5 0.8 834 1122
3 0.28264 0.00002  0.00090 0.00002  0.02718 0.00082 -22 0.8 865 1163
4 0.28260 °0.00002  0.00125 0.00003  0.03664 0.00072 -35 0.9 925 1237
5 0.28255 < 0.00003  0.00120 0.00002  0.03600 0.00055 -52 1.0 992 1331
6 0.28267  0.00002  0.00172 0.00002  0.05529 0.00060 -1.1 0.8 836 1101
7 0.28243 0.00002  0.00104 0.00001  0.02898 0.00035 -9.4 1.0 1156 1564
8 0.28257 0.00002  0.00110 0.00002  0.02903 0.00050 -45 1.0 965 1295
9 0.28254 0.00001  0.00063 0.00002  0.02199 0.00091 -57 0.7 1000 1359
10 0.28252 0.00002  0.00105 0.00001  0.02941 0.00136 -6.4 0.8 1039 1399
11 0.28246 0.00002  0.00123 0.00002  0.04220 0.00082 -8.4 0.8 1124 1512
12 0.28271  0.00002  0.00070 0.00000  0.02202 0.00030 0.2 0.8 768 1031
13 0.28253 0.00003  0.00089 0.00001  0.02780 0.00066 -5.8 1.1 1012 1367
14 0.28254 0.00002  0.00084 0.00001  0.02458 0.00030 -5.7 0.9 1004 1358
15 0.28260 0.00002  0.00132 0.00002  0.04922 0.00136 -3.6 0.8 932 1242
16 0.28261 0.00002  0.00144 0.00001  0.04640 0.00063 -3.3 0.9 926 1230
17 0.28248 0.00002  0.00136 0.00001  0.04188 0.00040 -7.9 0.9 1108 1484
18 0.28257 0.00002  0.00086 0.00003  0.02269 0.00065 -46 0.8 963 1300
19 0.28255 0.00003  0.00120 0.00003  0.03529 0.00097 -5.1 1.2 992 1330
20 0.28245 0.00002  0.00091 0.00002  0.02770 0.00041 -87 0.9 1126 1526



21 0.28253
22 0.28242
15QLL-21
1 0.28260
2 0.28258
3 0.28261
4 0.28256
5 0.28278
6 0.28250
7 0.28257
8 0.28253
9 0.28257
10 0.28255
11 0.28258
12 0.28264
13 0.28260
14 0.28256
15 0.28260
16 0.28260
17 0.28259
18 0.28282
15QML-57
2 0.28277
3 0.28272
4 0.28265
5 0.28263
6 0.28266
7 0.28265
8 0.28261
9 0.28267
10 0.28273
1 0.28266
12 0.28267
13 0.28270
14 0.28262
15 0.28270
16 0.28268
17 0.28266
10QTG-42
1 0.28260
2 0.28258
3 0.28258
6 0.28263
7 0.28259

0.00003
0.00007

0.00002
0.00002
0.00002
0.00002
0.00006
0.00002
0.00002
0.00002
0.00002
0.00002
0.00002
0.00002
0.00002
0.00002
0.00002
0.00002
0.00002
0.00010

0.00003
0.00004
0.00003
0.00004
0.00003
0.00003
0.00004
0.00006
0.00005
0.00024
0.00002
0.00002
0.00001
0.00003
0.00002
0.00005

0.00002
0.00001
0.00002
0.00002
0.00002

0.00100
0.00194

0.00133
0.00098
0.00131
0.00092
0.00143
0.00135
0.00163
0.00093
0.00160
0.00098
0.00101
0.00082
0.00121
0.00105
0.00159
0.00061
0.00167
0.00145

0.00122
0.00097
0.00073
0.00077
0.00158
0.00049
0.00236
0.00132
0.00110
0.00229
0.00088
0.00121
0.00157
0.00151
0.00102
0.00180

0.00224
0.00146
0.00158
0.00092
0.00140

0.00002
0.00003

0.00001
0.00000
0.00004
0.00001
0.00003
0.00004
0.00002
0.00001
0.00002
0.00001
0.00001
0.00000
0.00004
0.00002
0.00003
0.00001
0.00002
0.00004

0.00003
0.00007
0.00002
0.00002
0.00001
0.00001
0.00005
0.00001
0.00001
0.00002
0.00000
0.00005
0.00001
0.00001
0.00002
0.00002

0.00003
0.00001
0.00001
0.00005
0.00001

0.02586
0.04996

0.04764
0.03395
0.04599
0.03380
0.05354
0.04738
0.05931
0.03228
0.05539
0.03362
0.03386
0.02747
0.04082
0.03537
0.05260
0.02092
0.06025
0.05534

0.03360
0.03569
0.02360
0.02290
0.04587
0.01405
0.07374
0.04240
0.03694
0.07209
0.02781
0.03836
0.04944
0.04641
0.03239
0.05475

0.06927
0.04359
0.04637
0.03121
0.04494

0.00061
0.00356

0.00047
0.00034
0.00156
0.00035
0.00239
0.00174
0.00102
0.00024
0.00066
0.00036
0.00039
0.00029
0.00111
0.00065
0.00058
0.00060
0.00041
0.00346

0.00081
0.00229
0.00092
0.00062
0.00030
0.00040
0.00188
0.00129
0.00079
0.00078
0.00029
0.00233
0.00025
0.00090
0.00101
0.00123

0.00106
0.00025
0.00046
0.00208
0.00042

-5.8
-9.8

-35
-4.2
31
-4.7
2.9
-6.9
-45
5.7
43
5.3
4.1
1.9
-3.4
-4.7
-3.4
-3.2
-3.8
4.4

2.7
0.8
-1.9
-2.3
-1.6
-1.5
-3.3
-1.1
11
-1.6
-1.0
-0.1
-3.0
0.1
-0.5
-1.5

-3.6
-4.2
-4.2
-2.4
-3.9

1.1
2.5

0.8
0.9
0.8
0.8
2.2
0.9
0.8
0.9
0.8
0.8
0.8
0.9
1.0
0.9
0.9
0.8
0.8
3.7

1.2
15
1.0
1.4
1.1
1.2
1.4
2.0
1.7
8.4
1.0
0.9
0.7
1.3
1.0
1.8

0.8
0.7
0.8
0.9
0.8

1015
1200

934
957
921
976
679
1072
981
1015
975
998
951
861
927
978
939
910
954
620

680
752
853
871
858
835
946
834
743
875
821
790
916
790
805
861

952
956
960
875
945

1368
1588

1243
1285
1225
1313
888
1433
1298
1368
1291
1343
1276
1155
1237
1313
1241
1230
1260
807

896
1001
1150
1173
1132
1130
1230
1106

986
1136
1100
1049
1212
1041
1074
1131

1243
1273
1275
1177
1260



8 0.28262
9 0.28255
10 0.28258
11 0.28264
12 0.28257
13 0.28262
14 0.28267
15 0.28260
16 0.28261
17 0.28259
18 0.28253
19 0.28259
20 0.28256

15QML-83
1 0.28260
2 0.28260
3 0.28261
4 0.28260
5 0.28263
6 0.28267
7 0.28263
8 0.28266
9 0.28256
10 0.28261
11 0.28267
12 0.28262
13 0.28257
14 0.28265
15 0.28260
16 0.28261
17 0.28277
18 0.28263

15QLR-4
1 0.28248
2 0.28254
5 0.28255
6 0.28252
8 0.28259
10 0.28248
12 0.28257
13 0.28255
15 0.28254
16 0.28248
18 0.28259

0.00001
0.00002
0.00002
0.00002
0.00002
0.00001
0.00002
0.00002
0.00002
0.00002
0.00001
0.00002
0.00001

0.00003
0.00002
0.00002
0.00002
0.00003
0.00002
0.00003
0.00003
0.00002
0.00004
0.00009
0.00003
0.00002
0.00003
0.00006
0.00003
0.00009
0.00003

0.00003
0.00002
0.00003
0.00003
0.00003
0.00003
0.00003
0.00003
0.00003
0.00002
0.00004

0.00135
0.00112
0.00108
0.00128
0.00099
0.00101
0.00128
0.00231
0.00190
0.00123
0.00079
0.00129
0.00142

0.00254
0.00236
0.00228
0.00246
0.00241
0.00220
0.00205
0.00192
0.00175
0.00192
0.00379
0.00237
0.00107
0.00301
0.00265
0.00327
0.00280
0.00277

0.00114
0.00091
0.00090
0.00095
0.00112
0.00100
0.00119
0.00107
0.00158
0.00119
0.00075

0.00001
0.00001
0.00000
0.00001
0.00001
0.00001
0.00001
0.00005
0.00007
0.00001
0.00001
0.00001
0.00001

0.00004
0.00004
0.00003
0.00006
0.00004
0.00003
0.00002
0.00006
0.00003
0.00004
0.00011
0.00002
0.00001
0.00006
0.00004
0.00003
0.00005
0.00005

0.00002
0.00001
0.00002
0.00001
0.00002
0.00001
0.00009
0.00002
0.00003
0.00001
0.00002

0.03842
0.03355
0.03376
0.04153
0.03378
0.03291
0.04133
0.06248
0.05182
0.03729
0.02564
0.04131
0.04460

0.09195
0.07995
0.08389
0.08820
0.07640
0.06875
0.07014
0.05601
0.05719
0.05958
0.12160
0.07819
0.03208
0.09508
0.08080
0.10860
0.09304
0.08938

0.03523
0.02699
0.02714
0.03004
0.03331
0.02951
0.03363
0.03260
0.04608
0.03762
0.02233

0.00042
0.00037
0.00025
0.00050
0.00075
0.00058
0.00030
0.00079
0.00163
0.00039
0.00018
0.00052
0.00047

0.00251
0.00124
0.00196
0.00165
0.00109
0.00104
0.00053
0.00147
0.00146
0.00194
0.00530
0.00088
0.00055
0.00152
0.00128
0.00172
0.00218
0.00166

0.00090
0.00023
0.00061
0.00018
0.00115
0.00041
0.00225
0.00076
0.00103
0.00053
0.00061

-3.0
-5.4
-4.3
-2.3
-4.5
-2.7
-1.1
-3.6
-3.3
-4.0
-6.0
-3.9
5.1

-3.6
-3.8
-3.2
-3.8
-2.6
-1.1
-2.5
-15
-5.2
-3.2
-1.2
-2.9
-4.5
-1.9
-3.6
-3.3
2.3
-2.6

-7.8
-5.8
-5.2
-6.6
-3.9
-1.7
-4.6
-5.2
-5.7
-7.8
-3.9

0.7
0.8
0.9
0.8
0.8
0.7
0.8
0.8
0.8
0.8
0.7
0.8
0.7

1.1
1.0
1.0
1.0
1.2
0.8
1.2
1.0
0.8
1.7
3.2
1.2
1.0
1.1
2.1
1.3
3.2
1.3

1.1
0.9
1.1
1.1
1.1
1.1
1.1
1.2
1.3
1.0
1.4

907
999
952
878
959
889
828
952
929
946
1013
941
992

958
962
937
966
913
847
901
858
1004
927
883
926
960
898
963
965
718
923

1097
1011
985
1041
939
1087
970
992
1022
1096
932

1209
1344
1279
1170
1292
1193
1101
1241
1222
1266
1374
1258
1324

1242
1253
1221
1254
1185
1103
1180
1125
1329
1218
1106
1203
1291
1148
1245
1228
915
1188

1478
1366
1331
1407
1259
1470
1301
1334
1360
1475
1260



19 0.28252
21 0.28253
22 0.28247
24 0.28250
25 0.28255
15QLM-37

1 0.28253
2 0.28254
3 0.28254
5 0.28253
9 0.28261
10 0.28252
13 0.28254
14 0.28257
15 0.28255
16 0.28259
17 0.28255
18 0.28265
19 0.28259
20 0.28255
21 0.28253

0.00003
0.00003
0.00002
0.00002
0.00003

0.00003
0.00002
0.00003
0.00002
0.00006
0.00002
0.00003
0.00002
0.00002
0.00003
0.00003
0.00004
0.00003
0.00002
0.00003

0.00119
0.00109
0.00103
0.00157
0.00105

0.00122
0.00088
0.00099
0.00096
0.00141
0.00079
0.00114
0.00152
0.00083
0.00124
0.00119
0.00190
0.00183
0.00099
0.00133

0.00001
0.00001
0.00001
0.00003
0.00001

0.00001
0.00001
0.00000
0.00000
0.00013
0.00001
0.00001
0.00012
0.00001
0.00001
0.00001
0.00001
0.00003
0.00001
0.00002

0.04097
0.03306
0.03011
0.05322
0.03470

0.05070
0.03626
0.04324
0.03782
0.04950
0.03051
0.04369
0.05989
0.03356
0.04183
0.04346
0.06699
0.06751
0.03692
0.04338

0.00066
0.00049
0.00041
0.00096
0.00040

0.00072
0.00037
0.00064
0.00055
0.00465
0.00085
0.00046
0.00457
0.00031
0.00056
0.00040
0.00082
0.00092
0.00099
0.00064

-6.4
-6.2
-8.0
-7.1
-5.5

5.9
55
55
-6.0
31
-6.3
56
-4.6
5.1
-3.8
5.2
1.7
-4.0
5.4
-6.0

1.1
11
0.9
1.0
1.2

11
0.9
11
0.9
2.2
0.9
13
0.9
0.9
11
11
1.4
1.0
1.0
1.2

1042
1029
1101
1079
1001

1023
1001
1003
1020
916
1027
1008
979
983
940
996
867
961
1000
1031

1400
1385
1488
1438
1348

1372
1353
1352
1376
1217
1392
1353
1301
1328
1256
1335
1137
1267
1347
1379




