
VU Research Portal

Metamorphic evolution and tectonic implications of the metamorphic rock series in the
Xilinhot-Linxi area, Inner Mongolia
Li, Y.

2011

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Li, Y. (2011). Metamorphic evolution and tectonic implications of the metamorphic rock series in the Xilinhot-
Linxi area, Inner Mongolia. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/1337f29d-87fe-45a6-9343-38cf6f82b1db


 

31 

Chapter 2 
Analytical methods 

 

 

§2.1 Thin section preparation and EPMA 
 

Polished thin sections of the rock samples were prepared in the Thin Section 

Preparation Laboratory of China University of Geosciences (Wuhan). The thin sections 

were described at the Microscope Laboratory of the Faculty of Earth Sciences, China 

University of Geosciences (Wuhan), using an Olympus BH2 polarizing microscope. 

Electron probe micro-analysis (EPMA) was carried out at State Key Laboratory of 

Geological Processes and Mineral Resources, China University of Geosciences (Wuhan). 

A JEOL JCXA-733 electron probe micro-analyzer was used with an accelerating voltage 

of 15 kV, a beam current of 20 nA and a probe diameter of 2 μm. Both observation and 

EPMA of the thin sections were carried out by the author. 

 

§2.2 Major and trace element geochemistry 
 

Fresh rocks without alteration or veining were selected for whole-rock geochemistry. 

Weathered surfaces and inhomogeneous parts of some samples were cut off. The 

samples were processed by coarse crushing and secondary crushing, followed by sample 

splitting to ensure samples were homogeneous and representative. A small aliquot 

(20-30 g) of each sample was then ground to a grain size below 200 micron using a 

corundum vibrating mill. The powdered samples were stored in clean plastic bottles. 

Pollution from other samples or used vessels was strictly avoided by careful cleaning 

between samples.  

The major element concentrations of the samples were determined by X-ray 

fluorescence (XRF) using a Rigaku 3080E1 spectrometer on fused glass disks at Wuhan 

Rock and Mineral Analysis Center, Ministry of Land and Resources Research. This 

method has advantages of simple sample preparation, fast analysis, highly reproducible 

results and high accuracy. The ferrous iron content was analyzed by wet chemistry. A 

small number of samples were analyzed using a Rigaku RIX 2000 XRF spectrometer on 

fused glass disks at the Department of Geosciences, National Taiwan University. The 

analytical precision and accuracy are generally better than 5% for most elements.
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Trace element concentrations were analyzed by the author using an Agilent 7500a 

ICP-MS housed at the State Key Laboratory of Geological Processes and Mineral 

Resources, China University of Geosciences (Wuhan). Sample preparation and analysis 

procedures are as follows: 

(1) Teflon Savillex beaker cleaning: Using diluted HCL and diluted HNO3 soak the 

teflon beakers at 80°C for 96 hours or longer. Cleaning was finished by washing with 

distilled water, drying and storing the closed beakers. 

(2) Sample weighing: Weighing 50 mg of each sample by analytical balance (the 

error is ±0.05 mg), then transferring into the clean and dry teflon beaker, recording the 

weight of each sample. 

(3) Sample dissolution: Several drops of highly purified distilled water are added to 

the teflon beaker containing the sample powder, followed by 1 ml HNO3 and 1 ml HF. 

The beaker is closed, put in an airtight stainless steel vessel, and then put in a drying oven, 

which is gradually heated to 190°C, where it is kept for at least 48 hours to break Si-O 

bonds. Vessels are taken out of the oven and left to cool. The beakers are then opened and 

put on a hot plate at 115°C. After drying, 1 ml HNO3 is added to the teflon beakers again 

to further disrupt Si-O bonds, followed by drying on a hot plate at 115°C. 

(4) Three ml 30% HNO3 is added to the beakers to dissolve the solid residual sample, 

which is closed and then heated on the hot plate at 190°C for 12 hours. 

(5) Constant volume: The dissolved sample is diluted to 80 ± 1 ml by 2% HNO3 and 

transferred into a single-use polyethylene beaker for analysis. 

(6) The 80 ml of solution is analyzed using ICP-MS, followed by data processing 

and analysis. 

Through sample preparation and analysis the blank was analyzed at the beginning 

and bracketing sets of 10 samples. Depending on the lithology of samples, international 

standard samples AGV-2 (Andesite), BHVO-2 (Basalt), BCR-2 (Basalt), G-2 (Granite) 

were used as internal standard. The analytical precision and accuracy are generally better 

than 5% for most elements. 

 

§2.3 LA-ICPMS U-Pb zircon dating 
 

Samples selected for zircon separation weigh about 10 kg and are fresh. Sample 

processing for zircon separation involved crushing, initial heavy liquid and subsequent 

magnetic separation. Representative zircons were hand-picked and mounted on adhesive 

tape, embedded in epoxy resin, polished to about half their size and photographed in 

reflected and transmitted light (cf. Song et al., 2002). Zircon structure and origin were 
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studied by cathode luminescence (CL) imaging of zircon grains using a MonoCL3+ 

instrument mounted on a Quanta 400 FEG scanning electron microscope at the State Key 

Laboratory of Continental Dynamics, Northwestern University, Xi’an, China. All zircon 

samples were prepared and mounted by the author. 

U-Pb dating and trace element analyses were conducted synchronously by 

LA-ICP-MS at the State Key Laboratory of Geological Processes and Mineral Resources, 

China University of Geosciences, Wuhan. Detailed operating conditions for the laser 

ablation system and the ICP-MS instrument and data reduction are the same as 

description by Liu et al. (2008; 2010a; 2010b). Laser sampling was performed using a 

GeoLas 2005. An Agilent 7500a ICP-MS instrument was used to acquire ion-signal 

intensities. Helium was applied as a carrier gas. Argon was used as the make-up gas and 

mixed with the carrier gas via a T-connector before entering the ICP. Nitrogen was added 

into the central gas flow (Ar + He) of the Ar plasma to decrease the detection limit and 

improve precision (Hu et al., 2008). Each analysis incorporated a background acquisition 

of approximately 20-30 s (gas blank) followed by 50 s data acquisition from the sample. 

The Agilent Chemstation was utilized for the acquisition of each individual analysis. 

Off-line selection and integration of background and analyte signals, and time-drift 

correction and quantitative calibration for trace element analyses and U-Pb dating were 

performed by ICPMSDataCal (Liu et al., 2008; 2010a).  

Zircon 91500 was used as external standard for U-Pb dating, and was analyzed twice 

every 5 analyses. Time-dependent drifts of U-Th-Pb isotopic ratios were corrected using a 

linear interpolation (with time) for every five analyses according to the variations of 

91500 (i.e., 2 zircon 91500 + 5 samples + 2 zircon 91500) (Liu et al., 2010a). Preferred 

U-Th-Pb isotopic ratios used for 91500 are from Wiedenbeck et al. (1995). Uncertainty of 

preferred values for the external standard 91500 was propagated to the ultimate results of 

the samples. Concordia diagrams and weighted mean calculations were made using 

Isoplot/Ex_ver3 (Ludwig, 2003). Trace element compositions of zircons were 

calibrated against multiple-reference materials (BCR-2G, BIR-1G and GSE-1G) 

combined with internal standardization (Liu et al., 2010a). The preferred values of 

element concentrations for the USGS reference glasses are from the GeoReM database 

(http://georem.mpch-mainz.gwdg.de/). The analyses were performed by the author. 

 

§2.4 Hornblende and biotite 40Ar-39Ar dating 
 

Samples selected for separation of hornblende or biotite weigh about 15 kg. The 

samples were processed by crushing in a stainless steel mortar, initial heavy liquid and 
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subsequent magnetic separation. Single hornblende or biotite crystals were separated by 

hand picking under a binocular and then cleaned in an ultrasonic bath with de-ionized 

water for 15 minutes. The purity of samples is higher than 99%. The pure minerals were 

rinsed once with HNO3 and three times using purified water, then air-dried. 

The 40Ar/39Ar experiments were performed by laser stepwise heating using a 

GV-5400 mass spectrometer in the Key Laboratory of Isotope Geochronology and 

Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences. The 

mass resolution of the instrument is 460-470, the sensitivity of the channeltron electron 

multiplier is 1.64×10-15 mol/mV, and the escalating rate of 40Ar is 1.866×10-17 mol/min.  

In order to obtain J-values for the samples, the monitor DRA-1 with an assumed age 

of 25.26 ± 0.07 Ma (Wijbrans et al., 1995) was packed between every four samples in 

quartz tubes, each tube containing 4 packets of DRA-1. Based on the J-values and the 

positions of DRA-1 in the sample tube, a regression line was obtained for each sample 

tube, and then the J-values of the samples were calculated by interpolation from the 

regression line. The J-value uncertainty of 0.15% (1σ) was propagated into the age 

calculations. Correction factors for interference of argon isotopes derived from 

atmosphere, Ca, and K are (38Ar/36Ar)a=0.1869, (38Ar/37Ar)Ca=0, (36Ar/37Ar)Ca= 

2.673×10-4, (39Ar/Ar37)Ca=8.984×10-4, (Ar40/Ar39)K=5.97×10-3, (Ar38/Ar39)K=1.211×10-2.  

The experimental procedure is semi-automatic. The detailed procedures of laser 

heating are outlined by Jiang et al. (2006). The optical maser is a MIR10-50W, the laser 

energy output is 100% and the energy is 25 W when the beam arrives through the window 

at the sample disk. The aluminum sample disk was heated by the laser for 60 s, and the 

heat background is 1 mV. The maximum reception by the channeltron electron multiplier 

is 60 mV, and the sample signal is commonly controlled to exceed 20 mV. Some samples 

yield up to 100-500 mV, in which case a Faraday cup is used to receive the signal. The 

background is thus less than 5% of the sample signal. To keep the laser energy density as 

low as possible, a maximum spot diameter of 3 mm is used to heat samples for 60 s, 

including the initial 10 s of slow heating. The data are processed by software ArArCALC 

ver2.2c (Koppers A A P., 2002), and the reference age of biotite standard ZBH2506 is 

132.50 ± 0.50 Ma. 

  

 

 

 

 

 


