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Working Approach for Surface Substrate Survey of Black Soil:

A Case Study of Wuchang City
XU Liming"**, GAO Xiaoqi"*, JIANG Ping"**, JIA Liming"*, WANG Jiuyi"*, SUN Yanfeng"*
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, Chinas
2. Key Laboratory of Natural Resource Coupling Process and Effects, Beijing 100055, China;
3. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,
Harbin 150086, China)

Abstract: As the first layer of the classification model of natural resources, the surface substrate layer is
the basic material that supports various natural resources such as forests, grasslands, water and wetlands on
the earth’s surface. As an important cultivated soil resource, it is necessary to systematically identify the
present situation of the surface substrate of black soil, so as to provide basic references for the rational
utilization and scientific management of black land. Based on the theory of earth systems science and natural
resources science, combined with pedology, forestry and grass science, agriculture and other related fields,
and in accordance with the deployment principles of focusing on surface substrate, considering the surface,
zoning (urban space, agricultural space, ecological space), classification (surface substrate type), and
hierarchy (shallow layer 0 ~2m, middle layer 2 ~5m, deep layer 5~50m), establish multidisciplinary, multi
means, multi methods of multi—dimensional joint investigation and research. As the first layer of the three—
dimensional model of natural resources, the surface substrate layer involves rock, soil, gravel, mud and other
substrate types. The working methods include combining field survey with data modification, and combining
geological, geophysical, geochemical and other survey methods to prepare the surface substrate plan of
Wuchang City, exploring the expression forms of surface substrate results, such as profile maps and evaluation
maps. Summarize the formation of a conceptual framework for surface substrate support services for natural
resource management in the Wuchang region with “one layer centered and two points supported”.

Key words: surface substrate; element; structure; Wuchang Region
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Analysis of Spatiotemporal Evolution Characteristics of Land Use and

Land Cover in North Shanxi Province
WEI Xiaoyong"?, ZHOU Chuanfang"?", ZHENG Jilin"?, GUO Xiaoyu"?, SUN Yanfeng"?, JIA Liming"?
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China;

2. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,

Harbin 150086, China)

Abstract: Using remote sensing images in 1990, 2000, 2013 and 2019, the land use information in
northern Shanxi was extracted by supervised classification. By applying a transition matrix to analyze the
conversion relationships of land use types, calculating change indices to measure the degree of change, and
utilizing an information entropy model to assess the uncertainty and complexity of the system, we are able to
comprehensively reveal the spatio—temporal patterns of land use change in northern Shanxi. The results show
that the average annual reduction rate of cultivated land and grassland are 0. 49% and 0. 26%, and the
average annual increase rate of garden land, woodland, water area and artificial land are 6. 13%, 0. 19%,
0.55% and 3. 06%, respectively. The information entropy and equilibrium of land use structure have been
continuously improved. During the study period, obvious changes have taken place in the structure of land use
types in northern Shanxi, which provides substantial data support for territorial spatial planning and ecological
environment protection in northern Shanxi.

Key words: LUCC; transfer matrix; change index; information entropy; North Shanxi Province
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Study on the Spatial Distribution Characteristics and Physicochemical
Properties of the Surface Substrate Layer in the Wudalianchi—Nenjiang

Area of the Northern Songnen Plain
ZHAO Guogiang"?, LIANG Zhongkai"**, HAN Shoude"?, ZHANG Ming"?,
REN Guangzhi"?, LI Zhuang"?, WANG Xu"?
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China;

2. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,

Harbin 150086, China)

Abstract: To better serve natural resource management and territorial spatial planning, the concept of
surface substrate was first proposed by the Ministry of Natural Resources in 2020. By studying the spatial
distribution characteristics of the surface substrate layer, it is possible to effectively establish the correlation
between underground bedrock and above—ground vegetation, which is of great significance for the scientific
management of natural resources. This paper selects the Wudalianchi—Nenjiang area in the northern part of
the Songnen Plain as the research area. Using tools such as Luoyang shovels, backpack drills, and car drills,
field investigations and sampling were conducted on the vertical structure of the surface substrate layer at
depths of 2m, 5m, and 20m. A total of 1236 survey points were completed, and 1174 samples were collected.
The soil sample bulk density, organic carbon, particle size, and pH indicators were determined using ring
knife method, potassium dichromate oxidation — external heating method, Kjeldahl nitrogen determination
method, X-ray fluorescence spectrometry (XRF'), and glass electrode method respectively. The results show
that the study area is divided into 2 primary surface substrate zones, 6 secondary surface substrate zones, 7
tertiary surface substrate zones, and 18 types of surface substrate configurations. The average bulk density
obtained is 1. 16g/cm’; the average organic matter content is 49. 27g/kg; the average pH value of the topsoil
is 5. 88, with an average pH value of 5. 89 at 0. 5m, 5. 88 at 1m, 5. 87 at 1. 5m, 5. 86 at 2m, and 6. 06 at
5m, all belonging to a slightly acidic level; the average organic carbon density of the topsoil is 6. 32kg/m’,
and the total organic carbon storage is 145. 02Tg. The research results can provide a reference for natural
resource management, land protection, and development and utilization in this region to a certain extent.

Key words: Songnen Plain; surface substrate layer; surface substrate configuration; shysicochemical

properties; organic carbon storage
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Analysis of the Types and Characteristics of the Surface Substrate in

Bayan County, Heilongjiang Province
ZHANG Haicheng"?, ZHAO Honggiang"*", DUAN Mingxin"?, ZHAO Xidong"?,

ZHANG Jiajun"?, HAN Shoude"?, LIU Xue"’
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China;

2. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,

Harbin 150086, China)

Abstract: The surface substrate layer, as an important part of the earth’s surface system, covers various
types such as rock, gravel, soil, and mud, and serves as the cornerstone for maintaining the balance of the
ecosystem and ensuring the functions of ecological services. Bayan County is an important distribution area of
black soil in China. Identifying the distribution characteristics of the surface substrate of black soil in this
area is of great guiding significance for the protection and utilization of black soil, the planning of territorial
space, and agricultural development in this region. Through field surveys and summary analysis, this paper
divides the surface substrate of Bayan County into 2 first—level zones, 4 second—level zones, and 5 third-level
zones, and identifies 6 surface substrate configurations, including loam+loam, loam+-clay, loam+sand, loam+
andesite, loam + diorite, and loam + granite. By combining high — density geophysical prospecting and
microtremor exploration measurements, analyzing the borehole data, and summarizing the spatial distribution
characteristics of the surface substrate within different zones.

Key words: surface substrate; Bayan County; distribution characteristics
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Study on Green Exploration Practice and Application of Geology and

Ineral Resources in Shallow Covered Area of Northeast China
CHEN Yu"?, YANG Huaben"**, JI Zheyu"?, LU Chuanlei'?, ZAI Junwen"?,
LIU Zhanhui"?, YAN Yongsheng'*
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China;
2. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,
Harbin 150086, China;

3. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100091, China)

Abstract: With the increasing attention of the country and society to environmental protection, green
exploration has become a key component in the new round of prospecting breakthrough strategic action. With
the continuous progress of technology, more and more green exploration and prospecting technologies have
emerged one after another, and have been widely used. The shallow cover area of forest and swamp in
Northeast China has its own characteristics. Its cover layer is relatively thin, its distribution area is vast, and
its soil displacement is small. In order to better solve the damage of geological work to ecological environment
and implement the technical requirements of green exploration, this paper, on the basis of collecting and
summarizing the green exploration work at home and abroad, actively promotes the construction of green
exploration demonstration projects in Northeast China. From equipment selection, site construction to backfill
and rehabilitation, a series of targeted measures have been taken. In the construction process, the innovative
use of “one base porous”, “to drill instead of slot” and other new technologies, has achieved remarkable
results. This paper focuses on the research and exploration process of green exploration in Northeast China
and the latest progress of practice, in—depth analysis of the development trend of green exploration
technology, and is committed to building a harmonious geological exploration environment, so as to achieve
the dual goals of geological prospecting and environmental protection, and achieve a win—win situation.

Key words: green exploration; shallowly covered area; Northeast China; environmental protection.
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Sio, 68. 54 68. 24 68. 48 Sr 1196 903 1219
AL O, 16. 15 16.74 16. 46 Zr 152 135 140
TiO, 0.41 0.44 0. 41 Nb 9.99 8.48 8.73
Fe,0, 1.31 0.99 1.15 Mo 0.22 0.35 0.77
FeO 0.45 0. 64 0. 46 Cs 1.02 1.51 1.24
Ca0 2.68 1.82 2.35 Ba 1294 1224 1415
MgO 0. 62 0. 66 0. 62 Hf 4.44 3.21 3.67
K,0 2.52 2.84 2.69 Ta 0. 54 0.51 0. 56
Na,O 6.07 6.20 6.20 A\ 4.53 5.63 5.20
MnO 0.039 0. 040 0.035 Pb 7.41 10.8 7.94
P,0; 0.16 0.16 0.16 Bi 0.09 0.11 0.12
H,0" 0.42 0.65 0. 44 Th 5.27 3.27 4.60
H,0" 0.21 0.26 0.18 U 1.18 1. 00 1.24
J 5k ik 0.76 0.94 0.68 Ag 0.023 0.023 0.023
SN 99.71 99.72 99. 69 Sn 1.26 1.71 1.61
Mg" 40. 89 43.70 42.70 B 3.30 5.26 5.31
A/CNK 0.92 1.01 0.95 F 354 272 365
A/NK 1.27 1.26 1.25 Y 5.66 4. 69 6.12
FeO' 1.63 1.53 1.50 La 26.7 27.7 32.2
K,0+Na,0 8.59 9.05 8. 89 Ce 44.3 53.1 54.2
o-Rittmann 2.89 3.24 3.10 Pr 5.05 6.18 5.96
Na,0/K,0 2.41 2.18 2.30 Nd 17.6 22.5 21.7
M ITER (107°)
Sm 2.68 3.21 3.06 Eu 0.99 0.95 1.11
Li 7.54 7.68 7.86 Gd 2.12 2.59 2. 64
Be 1.57 1.70 1.77 Th 0.26 0.27 0.31
Se 2.67 2.54 2.01 Dy 1.29 1.09 1.34
v 32.1 26.0 30.6 Ho 0.23 0.17 0.22
Cr 29.3 24.5 1.1 Er 0.72 0. 49 0.63
Co 2.70 2.52 2.48 Tm 0.12 0.07 0.10
Ni 15.1 15.4 5.33 Yb 0.83 0. 49 0. 64
Cu 7.02 13.8 9.05 Lu 0.11 0.07 0.10
Zn 25.4 30.9 61.2 3Eu 1.23 0.98 1.17
Ga 19.6 16.7 17.8 Lay/Yby 21.76 37.99 34. 04
Rb 50.2 61.6 59.6
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Discovery and Geological Significance of Late Permian Granitic Mylonites

in the Alihe Region, Greater Xing’an Mountains
ZHENG Jilin"*?, LIU Junshuai"**, YAO Yu"?, XIN Yiguo"?, LI Yuhang"?, HU Weigiang"’
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, Chinas
2. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,
Harbin 150086, CHina;

3. School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China)

Abstract: The Alihe region in the Greater Xing’an Mountains is located in the eastern section of the
Xing— Meng Orogenic Belt. Previous studies have documented that this area is dominated by Mesozoic
granites, with limited exposures of Late Paleozoic granitic rocks. During regional geological investigations in
the Alihe area, we identified a previously undocumented suite of Late Permian granitic mylonites. Integrated
petrological, geochemical, and zircon U-Pb geochronological investigations indicate that these granitic
mylonites are characterized as medium — potassium, cale — alkaline, quasi — aluminous I-type granites with
O-type adakitic geochemical signatures. The rocks display pronounced light and heavy rare earth element
fractionation characterized by heavy rare earth element depletion and a right—sloping distribution pattern, with
enrichment in large ion lithophile elements (Rb, Sr, and Ba) and depletion in high field strength elements
(Nb, Ta, and Ti), indicating significant crustal source contributions. Zircon U—-Pb geochronological analysis
yields an age of 253. 6+1. 1 Ma, constraining the emplacement to the Late Permian period. These granitic
mylonites were emplaced during the post—collisional stage of the orogenic event between the Xing’an and
Songnen blocks.

Key words: late permian granitic mylonites; petrogenetic geochemistry; Alihe Region; Greater Xing’an

Mountains
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Si0, 75.55 76.34 75.54 77.02 717. 68 77.28
Al O, 14. 44 13.02 13.93 12. 11 13.22 13.39
TiO, 0.13 0.12 0.12 0. 05 0. 06 0.07
Fe,0, 0.49 1.01 0.74 1.11 0.84 0.22
FeO 0.12 0.08 0.18 0.08 0.09 0.48
CaO 0.11 0.12 0.13 0.40 0.11 0.12
MgO 0.18 0.12 0.18 0.43 0.18 0.19
K,0 4.55 5.14 5.00 4.92 4.28 4.71
Na, O 2.65 2.81 2.75 2.27 1.91 1.99
MnO 0.01 0.01 0.01 0.02 0.02 0.02
P,0O, 0.03 0.02 0.02 0.01 0.02 0.01
LOI 1.71 1.17 1.34 1.54 1.52 1.48
TOTAL 99. 96 99. 95 99. 94 99. 95 99. 94 99. 94
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&R
Pm36Tc155a Pm36Tc155b Pm36Tc153 Pm33Tc49 Pm33Tc48 Pm33Tc47
Fdh s
mECH
Rb 131.29 147.90 159. 60 179. 89 114.31 124. 11
Sr 48.58 57.93 53.82 48.11 89.70 60. 48
Zr 190. 06 198. 11 217.89 89.41 122.20 117.16
Nb 17. 68 17.98 16. 54 14. 34 12. 84 12. 56
Ba 218. 88 204. 41 209.70 201.29 251.72 235.38
Hf 6.92 7.16 7.25 3.64 4.27 4.21
Ta 1.22 1.25 1.23 1.23 1.14 1.17
Th 21.37 23.14 19. 31 18.35 17. 06 16. 95
U 6.52 7.02 3.90 2.83 6.32 3.37
Ga 16.92 16. 46 18.35 16. 15 15.29 14.87
Y 22.37 22.50 19.74 11.99 7.16 7.14
La 47.51 44.94 44.96 19. 19 26.47 25.97
Ce 89.71 80. 09 85.78 33.17 55.88 51.36
Pr 11.19 10. 45 9.69 4. 64 6.00 5.92
Nd 37.25 34.22 34.08 16.27 19. 64 19.29
Sm 5.90 5.61 5.57 3.21 3.11 3.11
Eu 0.30 0.25 0.25 0.24 0.37 0.35
Gd 5.23 4.87 5.13 2.67 2.78 2.72
Th 0.72 0.69 0.68 0.40 0.33 0.34
Dy 3.79 3.71 3.62 2.07 1.49 1.53
Ho 0.70 0.71 0. 66 0.37 0.25 0.26
Er 2.16 2.19 1.98 1.10 0.75 0.75
Tm 0.35 0.35 0.30 0.17 0.11 0.11
Yb 2.32 2.34 1.92 1.18 0. 64 0.67
Lu 0.35 0.37 0.32 0.20 0.10 0.11
dEu 0.16 0.14 0.14 0.25 0.38 0.36
dCe 0.92 0. 87 0.96 0.83 1.04 0.98
>REE 207. 48 190. 80 194.92 84.90 117.93 112.47
>LREE 191. 86 175. 56 180. 33 76.73 111.47 106. 00
>HREE 15.62 15.24 14. 60 8.16 6.46 6.47
(La/Yb) 14. 68 13.79 16.79 11. 68 29.53 27.99
(La/Sm) y 5.20 5.17 5.21 3.86 5.49 5.39
(Gd/Yb) 1.86 1.72 2.20 1.87 3.57 3.37
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U-Pb Chronology, Geochemistry and Geological Significance of
Early Cretaceous Volcanic Rocks in Shiwuligiao Area, Northern

Greater Khingan Mountains

WANG Jiuyi"*?*, GU Meng*, ZHOU Chuanfang"**"

(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China;
2. Northeast Geological S&T Innovation Center of China Geological Survey, Shenyang 110034, China;
3. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources
Harbin 150086, China;
4. Heilongjiang Farms & Reclamation Academy of Sciences, Harbin 150038, China)

Abstract: The tectonic environment of the early Cretaceous volcanic rocks widely developed in the
northern Greater Khingan Mountains. The zircon U —Pb chronology and petrogeochemistry of Guanghua
rhyolite in the Shiwuligiao area of the northern Greater Khingan Mountains are researched to constrain its
petrogenesis and tectonic setting. The LA —ICP —MS zircon U —Pb weighted average age of Guanghua
Formation rhyolite is 129.3+1.4 Ma (late early Cretaceous), belonging to peraluminous, subalkaline series
volcanic rocks. The fractionation of light and heavy rare earth elements in the rocks is significant, with the
characteristics of light rare earth elements enrichment, heavy rare earth elements deficit, and an obvious
negative europium anomaly; The ratios of Rb/Sr, Nb/Ta, Th/U and Nb/Th indicate that the rocks derived
from crustal; Alkalinity ratio (AR), zircon saturation temperature, high Zr content and 10 000Ga/Al ratio,
with depleted Ba, Sr, Ti indicates that the rocks have A—type granite characteristics; The volcanic rocks of
Guanghua Formation are rich in LILE (such as Rb and K), depleted in HFSE (such as Ta, Nb, Ti and P),
and the distribution characteristics in Rb—(Nb+Y) and Rb—(Ta+Yb) discrimination maps show that the
rocks have the geochemical characteristics of island arc volcanic rocks. Comprehensive analysis shows that
the volcanic rocks in this area are the product of partial melting of the crust, formed in the extensional
environment after the backward subduction of the Izenaki Plate to the East Asian continent.

Key words: zircon U-Pb dating; geochemistry; tectonic setting; Guanghua Formation; Greater Khingan

Mountains
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2 874.09 2311.44 0.38 0.05122 0.001451 0.22832 0.00613 0.03202 0.00042 250.07 69.4325 208.81 5.0669 203.18 2.6472
3 1222.12 2694.42 0.45 0.04728 0.001202 0.20928 0.00508 0.03181 0.00040 64.91 -137.9450 192.95 4.2649 201.89 2.5050
4 665.68 1836.17 0.36 0.04703 0.001289 0.20684 0.00540 0.03163 0.00037 50.10 72.2150 190.90 4.5449 200.72 2.3029
5 3281.09 3848.03 0.85 0.05177 0.001301 0.22780 0.00562 0.03162 0.00041 275.99 57.4000 208.38 4.6480 200.65 2.5841
6 1455.27 3051.71 0.48 0.04855 0.001089 0.22015 0.00514 0.03252 0.00038 124.16 58.3275 202.03 4.2766 206.28 2.3927
7 1204.48 1913.89 0.63 0.05443 0.001581 0.24749 0.00856 0.03236 0.00044 387.09 66.6600 224.54 6.9692 205.30 2.7458
8 1186.68 2240.61 0.53 0.05459 0.001435 0.24631 0.00656 0.03242 0.00040 394.50 54.6250 223.58 5.3431 205.65 2.5304
9 1762.88 3397.80 0.52 0.05686 0.001375 0.23851 0.00564 0.03016 0.00037 487.08 53.6975 217.20 4.6241 191.53 2.3325
10 1013.62 2121.75 0.48 0.05402 0.002035 0.24330 0.00636 0.03239 0.00043 372.28 85.1775 221.12 5.1976 205.47 2.7015
11 1736.87 3660.32 0.47 0.05388 0.001237 0.24368 0.00531 0.03254 0.00037 364.87 47.2175 221.43 4.3394 206.45 2.3316
12 2271.66 4879.33 0.47 0.07225 0.001352 0.31141 0.00614 0.03092 0.00032 994.45 38.8925 275.28 4.7582 196.30 2.0279
13 1342.36  2795.55 0.48 0.05000 0.001015 0.22063 0.00436 0.03171 0.00030 194.53 48.1400 202.43 3.6329 201.25 1.8804
14 966.74 2081.08 0.46 0.06736 0.003172 0.30271 0.00789 0.03212 0.00036 850.00 98.1450 268.52 6.1548 203.79 2.2772
15 1635.70 3451.40 0.47 0.05476 0.001743 0.23649 0.00517 0.03098 0.00029 466.71 72.2150 215.54 4.2462 196.68 1.839%
16 1817.86 3769.56 0.43 0.05348 0.001598 0.23451 0.00464 0.03151 0.00031 350.06 68.5125 213.92 3.8207 199.97 1.9253
17 1550.70 2627.34 0.59 0.05389 0.003210 0.24612 0.00586 0.03248 0.00041 364.87 130.5425 223.42 4.7742 206.03 2.5361
18 1191.72 2706.85 0.44 0.05093 0.001345 0.23287 0.00652 0.03277 0.00041 238.96 61.1000 212.57 5.3757 207.89 2.5313
19 1937.78 3528.91 0.55 0.04435 0.002909 0.20358 0.00465 0.03271 0.00036 188.15 3.9239 207.50 2.2518
20 1150.58 2356.79 0.49 0.05996 0.001575 0.25976 0.00664 0.03111 0.00038 611.13 57.3950 234.47 5.3539 197.51 2.3800
21 2657.71 4146.43 0.64 0.05395 0.001085 0.24015 0.00463 0.03198 0.00031 368.57 44.4400 218.54 3.7935 202.94 1.9498
22 938.05 2038.91 0.46 0.05734 0.001916 0.25628 0.00638 0.03216 0.00048 505.60 74.0675 231.67 5.1618 204.06 3.0209
23 1922.30 3890.63 0.49 0.05242 0.001280 0.23645 0.00579 0.03238 0.00049 305.62 55.5500 215.51 4.7548 205.44 3.0857
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B I IR A H A A A R SR R

R2 BELRUFESWER

(=252 Q1 Q2 Q3 Q4 Q5
Si0, 76.74 76. 66 76.85 75.84 74.47
TiO, 0.02 0.02 0.02 0.02 0.10
Al O, 12.55 12.72 12. 44 12. 86 13.62
TFe,0, 0.98 1.55 1.12 1.12 1.18
FeO 0.89 0.98 0.71 1.09 0.82
MnO 0. 05 0.12 0.05 0.07 0.11
MgO 0.10 0.19 0.16 0.11 0.20
CaO 0.59 0.19 0. 64 0.71 0. 66
Na, O 4.27 3.42 3.64 3.83 3.62
K,O 4.13 4.60 4.13 4.78 4.86
P,0, 0.03 0.03 0.03 0.03 0.05
LOI 0.92 1. 06 1.23 1.20 1.40
Total 100. 38 100. 57 100. 33 100. 57 100. 26
A/NK 1.09 1.20 1.19 1.12 1.21
A/CNK 1.00 1.16 1.07 1.01 1.10
o 2.09 1.91 1.79 2.26 2.29
Mg 19. 41 22.08 24.93 18.22 28.38

% :0=[ (w[Na,0+K,0) ]*/[w(Si0,)-43]

1000 1000
(a)

100 100
= 2
"’_g 10 g 10
< H
o= S
S Oz
= 1.0r #* 1.0

0.1 N (Y O U (O | O O [ OO S | (0 00 5 1 O e o I I I I

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu RbBaTh U NbTaLaCe PbPr Sr Nd Zr Hf SmEuTi Gd Tb Dy Y Ho Er TmYbLu
¢ Ql s Q2 * Q3 AaQ4 e Q5
Bl 6 #tITE Bk PR bm v 4L BL 43 B 26 0 0 28 7T 35 T 0 08 A 4 ik I
4.3 WETERHFIE 6b, AILUFE Y, iZ IR A R B 4 Rb [ Th,

%E%ﬁ*ﬁ%%ﬁ{%/\%ffﬁ%ﬁ%ﬁ% U\Pb %ﬁ%?%ﬁﬁ?,*ﬁﬁ%?ﬁ Ba\Sr\Eu\
W AR TT 2 B A M A (e R g TR RO
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K3 BITRUFESTER

5 Q1 Q2 Q3 Q4 Q5
La 17.20 16.96 15.70 14. 60 27.05
Ce 37.71 34.79 33.55 32.06 51.50
Pr 5.18 4.25 4.25 4.04 5.44
Nd 20. 32 16.32 16.73 14.73 18. 84
Sm 6.76 3.50 3.95 3.15 3.07
Eu 0.16 0.16 0.19 0.15 0.73
Gd 6.31 3.42 3.79 3.04 2.90
Th 1.43 0.70 0.73 0.59 0.45
Dy 8.50 4.59 4.58 3.40 2.28
Ho 1.80 1.01 0.99 0.70 0.48
Er 5.26 3.14 3.01 2.15 1.51
Tm 0.72 0. 40 0. 40 0.32 0.21
Yb 5.43 2.89 2.96 2.36 1.59
Lu 0.72 0.42 0. 44 0.36 0.23
Y 48.02 27.38 28.73 22.25 12.78

> REE 165. 50 119.92 119.99 103. 87 129. 08
LREE/HREE 1.10 1.67 1.62 1.93 4.13
3Eu 0.07 0.14 0.15 0.15 0.74

R4 WMERRUESIWER

RS Q1 Q2 Q3 04 Q5
Li 1.37 2.52 2.69 1.65 2.13
Be 2.30 1.94 2.48 2.04 2.17
Se 2.76 1.92 2.81 2.53 2.42
Ti 234.40 264. 34 235.73 214.49 675.92
v 1.57 1.78 1.10 0.89 4.24
Cr 3.12 2.03 3.32 3.58 12.47
Co 0.28 0.39 0.33 0.29 0.75
Ni 0.95 0.56 0.82 0.85 1.41
Ga 16.23 15.50 17. 14 15.74 13.90
As 0.70 0.90 0.91 0.76 0. 64
Rb 219.25 252.16 218.75 257.79 196. 72
Sr 30. 00 17.25 32.97 32.81 101.97
Zr 90. 43 84.43 86. 95 67.92 142.17
Nb 16. 08 11.84 11.53 10. 66 9.03
Cd 0.24 0.12 0.11 0.11 0.75
In 0.02 0.02 0.04 0.02 0.01
Sbh 0.71 1.76 1.44 1.20 4.50
Cs 1.90 2.88 2.49 3.12 3.13
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gx
5 01 Q2 Q3 04 Q5
Ba 126. 12 125.39 191. 87 146. 84 849. 76
Zr 90. 43 84.43 86. 95 67.92 142.17
Nb 16. 08 11.84 11.53 10. 66 9.03
Cd 0.24 0.12 0.11 0.11 0.75
In 0.02 0.02 0.04 0.02 0.01
Cs 1.90 2.88 2.49 3.12 3.13
Ba 126. 12 125.39 191. 87 146. 84 849. 76
Hf 4.13 3.12 4.07 2.90 4.24
Ta 1.97 1.01 1.54 1.28 0.69
Re 0.08 0.09 0.09 0.09 0.09
Tl 1.11 1.30 1.20 1.37 1.24
Pb 29. 68 18.44 19. 90 18.32 34.53
Bi 0.14 0.15 0.13 0.13 0.09
Th 16.78 14.42 18. 44 13.36 12.78
U 3.15 2.31 3.46 4.24 4.00
5 Wi fife HAR—E RN op AR T T

51 FHEFKIE
RG24 DXy B MR 12 A a8
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Geochronology and Geochemistry of Intrusive Rocks in

Gulianhe Forest Farm of Mohe Area
ZHU Xiannan"?, LU Sheng"z* , LI Yichengl’z, OU Shiwei"?, MIAO Zhifengl’z, WANG Jiahui'?, JI Zheyu]’2
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China;

2. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,

Harbin 150086, China)

Abstract: Gulianhe forest farm is located at the edge of Mohe foreland basin in the northern part of
Eeguna block in the north of Great Xing’ an Range. The authors studied the geochemistry, and geochronology
of intrusive rocks in Gulianhe forest farm in Mohe area of Great Xing” an Range, and discussed the formation
age, petrogenesis, and tectonic environment of the intrusive rocks. The results of LA-ICP-MS zircon U-Pb
dating show that the granite was formed at (203 + 1.6) Ma, the age is Late Triassic— Early Jurassic in the
study area. The petro—geochemical studies show that the w(Si0,) of granite is 74.47% ~76. 85%, w(Al,O,)
is 12.44% ~13.62% and the Ritman index (o) is 1. 79 ~2. 29, indicating that they belong to high—k calc
alkaline series, they have low Mg" values (18.22~28.38), w(TFe,0,) is 0.98% ~ 1. 55% and w(Ca0) is
0.19% ~0. 71%, significant fractionation of light and heavy rare earth elements with enrichment of LREE and
depletion of HERR, and 6 Eu of 0. 07 ~0. 74, enrichment of large ion lithophile elements Rb, Th, U, Pb, and
depletion of high field strength elements Ba, Sr, Eu, Ti. The above geochemical characteristics show that the
original magma of granite came from the crust. The intrusive rocks in the study area were formed in the
compressive environment during the orogenic stage, which were the product of the subduction and collision
between Mongolian and Okhotsk Sea.

Key words: LA-ICP-MS zircon U-Pb dating; geochemistry; intrusive rock; Gulianhe forest farm
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Current Situation and Evaluation of Surface Water Resources in
Bei’an City, Heilongjiang Province, China
ZHANG Haicheng"?, DUAN Mingxin"**, SONG Haonan"?, ZHAO Xidong"?,
XIN Youtao"?, ZHAO Honggqiang"’
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China;

2. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,

Harbin 150086, China)

Abstract: Water is the essence of survival, the origin of civilization and the foundation of the ecosystem.
In recent years, the rational development, utilization, protection and managem—ent of water resources have
emerged as key issues concerning the sustainable development of human society. As a significant major grain
—producing region in Heilongjiang Province, with the accelerating urbanization process and the increasing
agricultural water consumption, the surface water resources in Bei’an City are confronted with increasingly
daunting challenges. Based on Bei’an City, this paper conducts a detailed investigation, evaluation and
analysis of its surface water resources. After restoration calculations, the average annual surface water

resources volume in Beian City amounts to 11. 2008 x10°m’

, and the runoff depth reaches 155. 7 mm. By
employing the single —factor evaluation method to appraise the water quality of the surface water in Beian
City, it is indicated that the overall quality of the surface water resources in this area is favorable.
Nevertheless, due to factors like industrial wastewater and agricultural non—point source pollution in certain
areas, the water quality is somewhat inferior. Through an analysis of the current status and development
potential of the surface water resources development and utilization, the water resources situation in this area
has been grasped, and corresponding recommendations have been put forward to facilitate the sustainable

utilizationof the surface water resources in Bei’an City.

Key words: surface water; single—factor evaluation method; Bei’an City; runoff restoration
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Application Research of Audio — Magnetotelluric Method in

Geothermal Resources Exploration in Wutai Area
LIU Qing"**, WANG Kang"*?, SUN Yanhai"**, CHEN Haijiang"*, SHI Zhijun"’, MA Weilong"’
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China
2. Northeast Geological S&T Innovation Center of China Geological Survey, Shenyang 110034, China;

3. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,
Harbin 150086, China)

Abstract: This research takes Wutai County in Shanxi Province as the core area and aims to assist local
geothermal development. A comprehensive and in —depth geothermal resource exploration work has been
carried out in an orderly manner. In terms of exploration technical means, the Audio—Magnetotelluric (AMT)
method was selected, and relying on the advanced Stratagem EHS continuous conductivity imager, a solid
foundation was laid for obtaining high—precision data. In the data collection stage, adhering to the principle of
comprehensiveness, a comprehensive collection of regional geological data was carried out. Meanwhile, closely
combining the local geological background and the specific purpose of this research, the survey lines were
carefully planned. The measuring points were linearly arranged at a point distance of 200m. This scientific
arrangement can ensure the comprehensiveness and representativeness of data collection. The data collection
frequency range was set at 1-100kHz. Within this range, the instrument accurately collected a large amount
of raw data. After the collection was completed, the data processing stage was immediately entered. First, the
collected data were sequentially decoded to convert the complex raw data into a format convenient for
analysis. Then, professional denoising algorithms were used to remove various interference noises in the data
to improve the signal —to —noise ratio of the data. Subsequently, static correction work was carried out to
eliminate the static effect deviation caused by factors such as terrain. After this series of rigorous data
processing procedures, combined with profound geological background knowledge and professional
geophysical knowledge, an in —depth and detailed analysis of the processed data was carried out, and
geological interpretation work was carried out simultaneously. Through the above arduous and meticulous
research work, the accurate distribution of sirata such as the Cambrian, Ordovician, and Archean was
successfully identified, and fault structures such as F1 and F2 were accurately determined. The research
results show that the Audio— Magnetotelluric method has achieved remarkable results in the geothermal
resource exploration in Wutai County. By comparing the detection results with the existing geological survey
data, it was found that the two are highly consistent, which fully confirms the reliability of this method in the
geothermal exploration in Wutai County. The research results of this time provide extremely crucial scientific
basis for the geothermal resource development, geological research and related work in Wutai County, and are
of immeasurable significance for the subsequent development and utilization of geothermal resources.

Key words: audio magnetotelluric method; Wutai County; Shanxi Province; geothermal resource

exploration; data processing; geological interpretation
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Application of Integrated Electrical Methods in Geological Survey of

Quaternary—-Covered Areas in Datong Basin
SHI Zhijunl'“ , SUN Yanhai"*?, LIU Qing“, ZHU Jiabin"?, XIN Yiguom, HAO Xiaoqing"’3
(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Haerbin 150086, China
2. Northeast Geological S&T Innovation Center of China Geological Survey, Shenyang 110034, China

3. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources,
Haerbin 150086, China)

Abstract: This article focuses on the large—scale coverage of Quaternary sediments in the shallow layer
of Yunzhou District, Datong City, which affects the division of shallow strata and the identification of
structures. The comprehensive electrical method plays a crucial role in this process. Compared with traditional
geophysical methods, it has significant advantages, enabling the rapid acquisition of the underground stratum
structure, lithological characteristics, and the distribution of water—bearing areas. This paper expounds on the
working technology of the comprehensive electrical method, covering the principles, instruments, data
processing, and survey line layout of the high — density resistivity method and the audio magnetotelluric
method. It also accurately explores the characteristics of the underground electrical structure in Dawangyao
Village, Xubao Township, and Qiangian Village, Duzhuang Township, Yunzhou District, clarifying the stratum
distribution and structural features. The high—density resistivity method has a relatively high resolution for
depths within 150 meters, and the audio magnetotelluric method can effectively detect deeper layers. The
combined detection of these two methods not only takes into account the distribution status of the aquifer and
the structural geological features in the shallow layer but also reflects the changes in the stratum structure in
the deep layer. It provides a basis for the utilization of water resources and the prevention of geological
disasters in regional ecological restoration, and offers data support for subsequent research.

Key words: Yunzhou District, DaTong City; electrical resistivity tomography; audio magnetotelluric

method; electrical structure
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Research on Groundwater Exploration Using Audio Magnetotelluric
Sounding Method: A Case Study of Douzui Village and Liangjian

Village in Wutai County, Shanxi Province
WANG Kang"***, SUN Yanhai"**, CHEN Haijiang"’, LIU Qing"*, SHI Zhijun"?, ZHAN Fuxiang"’

(1. Harbin Center for Integrated Natural Resources Survey, China Geological Survey, Harbin 150086, China;
2. Northeast Geological S&T Innovation Center of China Geological Survey, Shenyang 110034, China;
3. Observation and Research Station of Earth Critical Zone in Black Soil, Harbin, Ministry of Natural Resources 150086, China)

Abstract: This study focuses on the long—term water scarcity dilemma faced by Douzui Village and
Liangjian Village in Wutai County, Shanxi Province. These two villages are located in a special geological
area, where the main rock types are limestone and dolomitic limestone. The uneven development degree of
these rocks leads to extremely complex precipitation infiltration conditions. Meanwhile, the terrain has large
undulations, and the surface runoff has a high flow rate, making it difficult to retain water effectively.
Moreover, there is a lack of stable conventional water sources such as rivers and lakes in the surrounding
area, and the access to water is extremely limited, which severely restricts the improvement of the living
quality of local residents and the development of agricultural production. Against this backdrop, this study
uses the Audio Magnetotelluric Sounding ( AMT) method to conduct the exploration of groundwater
resources. When applying this method, the advanced GDP —32 Il multi — functional electrical prospecting
instrument is selected for data collection. Before the field operation, a detailed geological analysis was carried
out, including research on aspects such as regional structures and stratigraphic distributions. During the
preliminary field investigation, technicians comprehensively examined the topography and geomorphology and
marked the factors that might affect the layout of the survey lines. The survey lines were laid out in strict
accordance with scientific norms to ensure that the data could comprehensively cover the target area and be
representative. After the data collection was completed, the SCS2D professional inversion software was used
for inversion calculation and processing. Through a series of meticulous operations, the favorable water —
bearing areas were accurately predicted, and the distribution characteristics of the stratigraphic lithology
structure, tectonic fracture zones, and underground water—bearing areas within a range of 1, 000 meters below
the surface of Douzui Village and Liangjian Village were successfully explored. Based on the exploration
results, an in — depth discussion was carried out on the well completion mode and recommended well
locations, taking into comprehensive consideration factors such as geological stability, the thickness of the
aquifer, and water quality. Ultimately, the research results provide crucial scientific evidence for the rational
development and utilization of local water resources, effectively solve the long—standing water use problem,
and contribute to the local sustainable development.

Key words: audio magnetotelluric sounding method; Wutai County; water —finding practice; geological

analysis; well-completion mode
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