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Multi-Scale Scratch Analysis in Qinghai-Tibet Plateau and its Geological Implications

YANYUN SUN,"2 WENCAI ‘IANG,3 and CHANGQING Yo

Abstract—Multi-scale scratch analysis on a regional gravity
field is a new data processing system for depicting three-dimen-
sional density structures and tectonic features. It comprises four
modules including the spectral analysis of potential fields, multi-
scale wavelet analysis, density distribution inversion, and scratch
analysis. The multi-scale scratch analysis method was applied to
regional gravity data to extract information about the deformation
belts in the Qinghai-Tibet Plateau, which can help reveal variations
of the deformation belts and plane distribution features from the
upper crust to the lower crust, provide evidence for the study of
I i i crustal and define distribution of

belts and mass Results show the variation
of deformation belts from the upper crust to the lower crust. The
deformation belts vary from dense and thin in the upper crust to
coarse and thick in the lower crust, demonstrating that vertical
distribution of deformation belts resembles a tree with a coarse and
thick trunk in the lower part and dense and thin branches at the top.
The dense and thin deformation areas in the upper crust correspond
to crustal shortening areas, while the thick and continuous defor-
mation belts in the lower crust indicate the structural framework of
the plateau. Additionally, the lower crustal deformation belts rec-
ognized by the multi-scale scratch analysis coincide approximately
with the crustal ion belts ized using single-scal
scratch analysis. However, deformation belts recognized by the
latter are somewhat rough while multi-scale scratch analysis can
provide more detailed and accurate results.

Key words: Qinghai-Tibet Plateau, regional gravity field,
multi-scale scratch analysis, crustal deformation belts, crust
shortening.

1. Introduction

The Qinghai-Tibet Plateau typifies continent col-
lision and is one of the regions that underwent violent
lithosphere tectonic deformation. Unique structures

and geophysical conditions make the Qinghai-Tibet
Plateau a critical region for the study of orogenic
belts and continental dynamics. Examination of the
crustal density structure and the deformation belts
can improve our understanding of matter distribution,
deformation features, and crustal structure. However,
even though numerous studies investigating the
crustal structures in Qinghai-Tibet Plateau have been
performed (e.g., HeLene and Peter 1983; Kino ez al.
2002; ZuanG et al. 2004), few have focused on the
three-dimensional density structures and distributions
of deformation belts (Fenc and Xu 1997; Ke et al.
2009).

It has become one of the main directions in
regional geophysical studies that geoscientists apply
regional gravity data to reveal three-dimensional
density structures and tectonic patterns because the
gravity field contains information about the crustal
density with low observation cost and high efficiency.
After years of research, we have developed a sys-
tematic and sophisticated gravity data processing
procedure by combining four techniques: multi-scale
wavelet analysis, spectral analysis of potential fields,
geophysical inversion, and scratch analysis. We refer
to the data processing system as multi-scale scratch
analysis, which can produce crustal three-dimen-
sional density images, images of deformation belts,
and auto-divided images of continental tectonic units
with clearly defined depths. OQur previous two papers
(YanG et al. 2015a, b) introduced the method of
multi-scale scratch analysis using Qinghai-Tibet as an

ple, and di d the three-di ional density
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Three Dimensional Crustal Density Structure
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Abstracts

This paper introduces the scale-depth law of multi-scale wavelet
analysis for regional gravity data processing. and presents the results of
its application to Central Asia for computation of the 3D crustal density
structures. The wavelet analysis method is applied for characterizing 3D
crustal density structure, producing five maps of density disturbance cor-
responding to different depths of equivalent layers in the crust. The re-
sults provide important evidence for the study of crustal structures and
mass movement in Central Asia: (i) the small-scale and intensive linear
density disturbances in the upper crust indicate Phanerozoic orogenic
Dbelts: (ii) there exists a horseshoe-shaped low-density belt in the middle
crust coinciding with the Kazakhstan orocline: (iii) there is a very low
density zone in the lower crust, extending from western Kunlun to Tian-
shan. probably indicating a lower-crust flow: (iv) there are a few low-
density spots in the middle crust. which might be caused by low-density
mass squeezing upward from the lower crust flows.

Key words: Central Asia. multi-scale wavelet analysis. density disturb-
ance. lower-crust flows, orocline.
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Testing set No. QT2016028

M3 45 2R

Chemical Analysis Report

Reprot No GDBQT 16028

Specimen No J¥1-B
Analysis No Q]‘ 16028001
$i0,(%) 64. 33
AL0, (%) 17. 37
Ca0 (%) 0.73
TFe,04 (%) 6. 60
K0 (%) 3.34
Mg0 (%) 2.28
Mn0 (%) 0.09
Na,0 (%) 1. 04
P,05 (%) 0.13
Ti0,(%) 0. 74
LOI (%) 3.13
Li(ug/g) above 1112
Rb(wg/g) 150
Cs(ug/) 131
Be(ug/g) 2.38
Sr(ug/g) 75.5
Ba( 1 g/g) 342
Ga(ng/p) 25.3
As(ng/g) 0. 40

IW3-] JW4-A
QT16028002 QT16028003
73. 66 61.33
14. 65 18. 24
0.82 1. 11
0.93 6. 92
4.94 3.52
0.18 2.53
0.03 0.11
3.23 1.56
0.17 0.14
0.07 0.80
0.79 3.61
granitdd above8ds
306 186
51.0 138
8.65 2.44
38.7 107
70.8 400
20.2 25.1
0. 89 9.38

JW6-D
QT16028004
65. 34
16. 00
0.91
6. 89
3.35
2. 64
0.09
1. 24
0.15
0. 68
2.23
242
173
20.0
4.24
82.5
329
22.3
0. 36

JW6-C IN6-E
QT16028005 QT16028006
66, 88 65. 36
16. 39 15. 99
1.03 0.78
5. 94 7.01
0. 05 3. 44
2.23 2. 68
0.17 0.07
.72 1.15
0.06 0.16
0. 58 0. 67
1.34 2.26
75.4 153
2 79 eneathl,ls
1.50 19.9
17.6 0.76
67.3 77.6
11.5 330
19.8 20.9
0.77 0.23

7K
QT16028007
83. 61
10,73
0.13
0.55
0.84
0.05

0. 20
2.21
0.06
0.01
0.68
ore5154
270
52.2
4.42
4.68
8.98
26.3
0.98
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