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Abstract: The 1 : 100 000 mineralogical dataset of the Gouli Gold Deposit integrated
exploration area in Dulan County, Qinghai Province (also referred to as “the Area”) consists of
a systematic database, tectonic formation maps, mineralogical maps, geomagnetic AT plane
isoline maps, geomagnetic AT RTP plane isoline maps, geochemical integrated anomalies
maps, mineral prediction result maps, and attached tables. In the folder of each map, there are
the corresponding preparation manuals for the map. The Area is divided into four second-order
tectonic units by the Central Suture Zone of the East Kunlun Orogenic Belt from the
Neoproterozoic Era to the Early Paleozoic Era (from Pt; to the end of P,), the Xinghai-Kuhai
Suture Zone from the Middle Paleozoic Era to the Late Paleozoic Era (from D to Ps), and the
A'nyemagen Suture Zone from the Late Paleozoic Era to the Early Mesozoic Era (from C to
the end of T,). The magmatic activities in the Area mainly occurred from the Ordovician to the
Devonian and from the Permian to the Triassic, which represents two different orogenic cycles.
The metallogenic period may be from the Late Triassic Epoch to the Early Jurassic Epoch. A
total of 21 magnetic anomalies and 80 geochemical integrated anomalies on a scale of 1 :

50 000 were delineated in the Area. Furthermore, four grade III metallogenic belts (areas),
seven grade IV metallogenic sub-belts, eight grade V metallogenic belts (ore fields), and 17
grade VI favorable prospecting blocks were determined. 14 prospecting target areas were
screened and submitted in the favorable prospecting blocks. In addition, a number of mineral

deposits (occurrences) with prospecting potential were found in the Area through follow-up
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The 1 : 100 000 Mineralogical Dataset of the Gouli Gold Deposit

GIOLOG NGNS Integrated Exploration Area in Dulan County, Qinghai Province

work, such as the Nagenkanggqicer large-scale silver deposit, the Delong gold deposit, the
Mailong gold occurrence, the Langmuri copper-nickel occurrence, and the Longshigeng
copper-cobalt occurrence. It is estimated that the total amount of gold, silver, lead-zinc and
copper-cobalt resources in the Area are 588.04 tons, 3 197.85 tons, 2 358 300 tons, and
1 214 900 tons respectively.

Key words: Eastern part of the East Kunlun Orogenic Belt; Dulan County; Qinghai Province;
Gouli Gold Deposit; mineralogical; 1 : 100 000

Data service system URL: http://dcc.cgs.gov.cn

1 Introduction

Located in the southeastern part of the East Kunlun Tectonic Belt (central part of the East
Kunlun Orogenic Belt), and adjacent to the West Qinling Unit—Bagou thrust and decollement
tectonic belt, the Gouli Gold Deposit integrated exploration area in Dulan County, Qinghai
Province (also referred to as the Area) (see Fig. 1) is one of the most renowned metallogenic
belts in China (Feng CY et al., 2003; Ma CQ et al., 2015; Chen JJ et al., 2016). Subject to the
administration of the Dulan County and the Maduo County in Qinghai Province, the Area is a
newly designated national integrated exploration area with an area of 4 795 km’ since abundant
mineral resources have been developed in the Area. Furthermore, the Area is also an important
metallogenic belt of Qinghai Province and is known as the “Gold belt”. Therefore, the Area is
an important mineral resource base in China. Two major tectonic movements, namely the
Caledonian Movement in the Early Paleozoic Era (Proto-Tethys Evolution) and the evolution
of the Paleo-Tethys from the Late Paleozoic Era to the Early Mesozoic Era (Zhang XT et al.,
2007) have taken place in the East Kunlun Tectonic Belt since the Phanerozoic Eon. Four
second-order or third-order tectonic units formed by the geodynamic processes mentioned
above were involved in the development of the Area. With the Central Suture Zone of the East
Kunlun Orogenic Belt from the Neoproterozoic Era to the Early Paleozoic Era (the central
fracture zone of the Kunlun Orogenic Belt), the A'nyemaqgen Suture Zone from the Late
Paleozoic Era to the Early Mesozoic Era (the southern fracture zone of the Kunlun Orogenic
Belt), and the Xinghai—Kuhai Suture Zone from the Middle Paleozoic Era to the Late
Paleozoic Era as a boundary, the Area spans the central magmatic arc belt in the middle part of
the East Kunlun Tectonic Belt (Pt;-J), the subduction-collision complex belt in the south slope
of the East Kunlun Tectonic Belt (with a passive continental margin in the north of southern
China in the Early Paleozoic Era and an active continental margin in the north China plate of
the Late Paleozoic Era), the Kunlun Mountain Pass—Changmahe Subduction Accretionary
Wedge (C,-T,), and the Zongwulong Mountain—Xinghai Aulacogen (D-P) (Feng CY et al.,
2003; Pan T, 2004; Li BL et al., 2012). In the Area, orogenic cycles of multiple eras as well as
intense tectonic magmatic activities and corresponding active magmatism and metamorphism
contribute greatly to the formation of metal deposits and thus various types of minerals have
developed (see Fig. 1). Typical deposits in the Area include veined gold deposits (in

Guoluolongwa), Cu-Co deposits (in Dulenggou), gold-lead-zinc polymetallic deposits (in
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GEOSCIENTIFIC DATA & DISCOVERY(4)

Kengdelongshe), mercury deposits (in Kuhai), etc. (Xia R et al., 2015; Chen JJ et al., 2017; Liu
Y et al., 2018). Prospecting in the Area is focused on gold deposits, with consideration also
being given to minerals of silver, lead, zinc, copper, cobalt, etc. (Yue WH et al., 2013; Li HJ et
al., 2017; Tang Y et al., 2017).
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Fig. 1 Generalized geological map of the Area

1-Tertiary System - Quaternary System; 2—Ela Mountain Formation, Upper Triassic Series; 3—Hongshuichuan
Formation, Lower-Middle Triassic Series; 4—Longwuhe Formation, Lower-Middle Triassic Series; 5S—Naocangjian
Formation, Lower-Middle Triassic Series; 6—Gequ Formation, Upper Permian Series; 7-Maerzheng Formation,
Middle Permian Series; 8—Ganjia Formation, Carboniferous System-Middle Permian Series; 9-Shuweimenke
Formation, Upper Carboniferous Series-Middle Permian Series; 10—Haoteluowa Formation, Lower Carboniferous
Series-Lower Permian Series / Halaguole Formation, Lower Carboniferous Series; 1 1-Maoniushan Formation, Upper
Devonian Series; 12—Wanbaogou Group from the Mesoproterozoic Erathem to the Neoproterozoic Erathem - Nachitai
Group, Ordovician System; 13—Kuhai Complex Group of the Mesoproterozoic Erathem; 14—Jinshuikou Rock Group
of the Lower Proterozoic Erathem; 15—Intrusive rocks of the Yanshanian Period; 16—Intrusive rocks of the Indosinian
Period; 17-Intrusive rocks of the Variscan Period; 18—Intrusive rocks of the Caledonian Period; 19—Intrusive rocks of
the Jinning Period; 20—Ultrabasic rocks; 21—Fractures/inferred fractures and their numbers.

Only an area of less than 1 500 km’ is involved in current exploration in the Area,
accounting for approximately 31.3% of the whole Area. Obvious prospecting data are reflected
by the geophysical and geochemical anomalies in the Area, indicating a considerable potential
of mineral reserves in the Area. However, sufficient and analyses of strata, structure, magmatic
rocks in the anomaly areas along with comparisons with those in known mining areas, are not
available at present, rendering prospecting uncertain. Therefore, the preparation of
comprehensive maps and special mapping of minerals and geology is urgently required, in

order to determine the tectonic formation characteristics in the Area, especially the
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characteristics of the ore-bearing formation and known ore-forming anomalies, Likewise, an
assessment of the metallogenic potential in the Area, and accordingly the identification of
favorable metallogenic blocks and target prospecting areas is similarly required. In this way,
the dataset of 1 : 100 000 basic maps of geology, minerals, geophysics, geochemistry, optimal
mining settings, etc. can be prepared, thus providing basic data for follow-up prospecting
deployment in the Area. The basic information of the 1 : 100 000 Mineralogical Dataset of the
Gouli Gold Deposit Integrated Exploration Area in Dulan County, Qinghai Province is briefly

summarized in Table 1.

Table 1 Metadata Table of Database (Dataset)

Items Description

Database (dataset) name The 1 : 100 000 Mineralogical Dataset of the Gouli Gold Deposit
Integrated Exploration Area in Dulan County, Qinghai Province

Database (dataset) authors Zhou Hongzhi, China University of Geosciences (Wuhan); Wuhan
Center, China Geological Survey
Zhang Xinming, China University of Geosciences (Wuhan)
Zhang Songtao, The Third Non-ferrous Metals Geological Exploration
Institute, Qinghai Provincial Non-ferrous Metals Geological Exploration
Bureau
Shen Zhiyuan, China University of Geosciences (Wuhan)
Xu Chongwen, China University of Geosciences (Wuhan)

Data acquisition time 2016.05—2018.12
Geographical region In Dulan County and Maduo County, Haixi Mongolian and Tibetan

Autonomous Prefecture, Qinghai Province. Geographic coordinates: east
longitude 98°00’ ~ 99°15'and north latitude 35°10" ~ 36°00’

Data formats MapGIS 6.7 (*.wt, *.wl, *.wp), *.msi, *.xls, *.doc

Data size 177.7 MB

Data service system URL http://dcc.cgs.gov.cn

Fund projects China Geological Survey Project “Demonstration Project for Prospecting

Prediction and Technical Application in Integrated Exploration Areas”,
sub-project named “Mineral Investigation & Prospecting Prediction of
the Gouli Gold Deposit Integrated Exploration Area in Dulan County,
Qinghai Province” from 2016 to 2018 (No. 12120100400150017-37,
12120100400160901-62, and 12120100400172201-51)

Language Chinese

Database (dataset) composition The dataset consists of a systematic database, formation tectonic maps,
mineralogical maps, geomagnetic AT plane isoline maps, geomagnetic
AT RTP plane isoline maps, and geochemical integrated anomaly maps.
Each map is prepared with a tectonic formation map as its base map,
equipped with corresponding mosaic maps and legends, and decorated
with borders, scales, legends, etc. In the folder of each map, there is the
corresponding preparation manual in Word format of the map as well as
a data dictionary of the Area. In addition, the dataset includes three
Excel files, namely Metallogenic Areas (Belts) Division and
Metallogenic Prediction in Qinghai Gouli Integrated Exploration Area,
List of Suggested Newly Established Exploration Projects and Important
Subsequent Exploration Projects in Qinghai Gouli Integrated
Exploration Area, and Zircon U-Pb Age Test Data of the Qinghai Gouli
Integrated Exploration Area.
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2 Method for Data Acquisition and Processing

2.1 Data Collection

The following data of the Area were collected: 1 : 50 000 data acquired previously by
regional geological survey, mineralogical survey, mineral prospect survey, etc., including four
regional geological maps, seven mineralogical maps, 19 maps of stream sediment survey
results, 12 maps of surface high-precision magnetic survey results, and related reports. In terms
of the quantity of data, a total of 37 455 pieces of 1 : 50 000 geochemical sampling data and
98 040 pieces of magnetic survey data were collected. The details are as follows:

(1) 1 : 50 000 regional geological survey data of the Nageng Map Sheet (1-47-6-D),
Lumugie Map Sheet (1-47-6-B) and Cuozhama Map Sheet (I-47-19-a), which were obtained
by the Comprehensive Geological Team of the Qinghai Regional Geological Survey from 1993
to 1995.

(2) 1 : 50 000 regional geological survey data of the Kuhai Map Sheet (I-47-31-A), which
were obtained by the Sixth Geological Team of Qinghai Province from 1993 to 1994.

(3) 1 : 50 000 comprehensive survey data of mineralogy and stream sediments of four
map sheets including 147E002009 (Weiri), 147E002010 (Yuanyi), 147E003009 (Tatuo Coal
Mine) and 147E003010 (Gouli Town) in the Gouli area, which were obtained by the Geological
and Mineral Exploration Institute of the Qinghai Provincial Non-ferrous Metals Geological
Exploration Bureau, together with the Geological Exploration Institute of the Chang’an
University and the Eighth Team of the Qinghai Provincial Non-ferrous Metals Geological
Exploration Bureau from 2005 to 2007.

(4) 1:50 000 comprehensive mineralogical survey data, geochemistry of stream
sediments, and magnetic survey in the Chahanwusu River area, which were obtained by the
Qinghai Geological Survey Institute from 2005 to 2007. The 147E001010 (Dagaoshan Map
Sheet) and I147E001011 (Longmaitan Map Sheet) were involved in map preparation.

(5) 1 = 50 000 geochemical survey results for stream sediments of the three map sheets in
the Tuha area, Dulan County, Qinghai Province, which were obtained by the Qinghai Jinxing
Mining Co., Ltd. and the 7th Institute of Geology & Mineral Exploration of Shandong
Province from 2006 to 2008. 147E001009 (the Gouli Commune Map Sheet) was involved in
map preparation.

(6) 1 : 50 000 data of stream sediments and surface magnetic survey of the 12 map sheets
including 147E002011 (Kalu Map Sheet), 147E002012 (Nageng Map Sheet), 147E002013
(Malimuwuka Map Sheet), [47E003011 (Zhiyi Map Sheet), 147E003012 (Rouzaomouri Map
Sheet), 147E003013 (Cuozhama Map Sheet), 147E004009 (Yuerigang Map Sheet),
147E004010 (Zhaguori Map Sheet), [47E004011 (Zhazhiyi Map Sheet), [47E004012 (Helitang
Map Sheet), 47E004013 (Huashixiawudaoban Map Sheet) and 147E005013 (Kuhai Map Sheet)
in the Kuhai—Nageng area of Qinghai Province, which were obtained by the Geological and
Mineral Exploration Institute of the Qinghai Provincial Non-ferrous Metals Geological
Exploration Bureau from 2007 to 2008.

(7) 1 : 100 000 remote sensing images, remote sensing geological structure interpretation
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maps, and remote sensing information extraction maps, as well as the interpretation reports of
the Gouli area, which were completed by the Central South University in 2012.

In addition, the data utilized also included: 1 : 250 000 regional geological survey data of
the Xinghai Map Sheet (Qinghai Institute of Geological and Mineral Exploration, 1998)0,
1 : 250 000 regional geological survey data of the Donggeicuona Lake Map Sheet (China
University of Geosciences, 1999)9, 1 : 1 000 000 geological maps and geotectonic maps of
the Qinghai Province and their manuals (Qinghai Geological Survey Institute, 2005—2006)9,
the third-round mineralization prospect zoning and prospecting target area prediction of
Qinghai Province (Qinghai Bureau of Geology and Minerals Exploration, 2003)0, and the
potential assessment of mineral resources in Qinghai Province (Qinghai Bureau of Geology
and Minerals Exploration, 2013)6. In addition, public literature of basic geology and
mineralogical resources in the Area was also involved.

Based on the original data as mentioned above, the multivariate mineralogical information

maps, tectonic formations, geochemistry, geophysics, and metallogenic predictions for the

Area were prepared.

2.2 Data Processing Method
2.2.1 Achievement of 1 : 50 000 High-Precision Magnetic Survey Data

A surface magnetic survey of the 12 map sheets, including I147E002011 in the
Kuhai—Nageng area, Qinghai Province, was carried out by the Geological and Mineral
Exploration Institute of the Qinghai Provincial Non-ferrous Metals Geological Exploration
Bureau from 2007 to 2008. 55 magnetic anomalies were described. However, a large anomaly
range is involved, each anomaly belt containing multiple sub-anomalies, the anomalies are
dispersed, and no breakthrough has been made in anomaly verification. Furthermore, for some
map sheets, the completed results for geological exploration, geophysical prospecting and
geochemical prospecting were inconsistent, and the systematic geological survey had not yet
been carried out. In addition, the controlling degree of geological bodies and the degree of
geophysical prospecting and geochemical prospecting matching prospecting information can
fulfil the need for further mineral exploration. Therefore, it is necessary to sort out and
integrate the 1 : 50 000 geophysical data in the Area.

Since high-precision magnetic survey is limited by topography, some observation points
have not been measured according to the design, or have been abandoned, thus causing an
uneven distribution of the measuring points. In order to prepare maps and complete various
data conversion processing more accurately, gridding was conducted for the magnetic survey
data in the whole Area by the Kriging interpolation method. Reduction to the pole (RTP) was
then performed for all the data with the MORPAS 3.0 software. In this way, the anomalies of
oblique magnetization were reduced to vertical magnetic anomalies (reduced to the
geomagnetic pole), in order to eliminate the asymmetry of magnetic anomalies caused by
inclination and deviation of the magnetization field. Finally, original contours and the contours
after RTP were drawn step by step by adopting MapGIS DTM analysis. The contour intervals
of 0 ~ 25nTt, 25 ~ 125nT, and 125 ~ 625nT were SnT, 25nT, and 125nT respectively.
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2.2.2 Classification of 1 : 50 000 High-Precision Magnetic Anomalies

The amplitude variation range for magnetic anomalies in the Area is +6,172nT ~
—2,286nT, according to reprocessing and map preparation of the 1 : 50 000 surface high-
precision magnetic survey data of the 12 map sheets with a total area of 5 470 km'. Generally,
this is closely related to regional tectonic lines and rock emplacement. 21 magnetic anomaly
areas (belts) and 50 local anomalies were delineated by combining the information of
mineralogical, geochemical integrated anomalies, and tectonic rock. These magnetic anomalies
can be divided into four categories named A, B, C and D. The specific classification principles
are as follows:

Category A: ore-forming anomalies or anomalies caused by mineralization (mineralized
points).

Category B: inferred ore-forming anomalies or anomalies having significance for the
resolution of other geological problems.

Category C: the anomalies whose nature and origins cannot yet be determined.

Category D: the anomalies having no significance for prospecting or the resolution of
other geological problems, according to the current level of understanding.

According to the classification principles mentioned above, a total of 16 anomalies of
Category B, three anomalies of Category C, and two anomalies of Category D were delineated
in the Area, and no anomalies of Category A were determined. These magnetic anomalies can
be generally divided into two types: the magnetic anomalies of one type are distributed in a
NW trending banded pattern, consistent with the trend of the first-order central tectonic belts of
the East Kunlun Orogenic Belt and the A'nyemagqen first-order tectonic belt; the magnetic
anomalies of the other type are distributed in a nearly elliptical shape with the long axis
generally in a nearly EW direction, approximately consistent with the distribution of rock
masses from the Late Indosinian Period to the Early Yanshanian Period.

Medium-strong magnetism with a wide range of variation of magnetic susceptibility is
presented by the rocks (ore) bearing magnetite, copper-nickel sulfide ore, ultrabasic-basic
igneous rocks, and altered volcanic rocks in the Area. Theoretically, magnetic anomalies on a
certain scale can be induced. Furthermore, the metallic minerals in the Area are closely related
to the degree of development of the volcanic rocks and mid-acidic intrusive rocks. Therefore,
the 1 : 50 000 magnetic anomaly groups can be used as an indirect indication for geological
prospecting.

2.2.3 Processing of 1 : 50 000 Geochemical Data of Metallogenic Elements

To eliminate the systematic deviation of geochemical data between different map sheets,
the 1 : 50 000 stream sediment data was preprocessed (i.e. leveling) by a normalization
method after data collection, check and organization (Liu DW, 2004). The thresholds of single
element anomalies were then calculated. The results are shown in Table 2.

A total of 1 561 single element anomalies were delineated, among which 454 were single
anomalies, accounting for 29.08% of the total single element anomalies. Therefore, the

discovery rate of weak anomalies was effectively improved. For each single element anomaly
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delineated, the indicators within the anomaly area (such as coordinate, point number,
maximum value, average anomaly intensity, anomaly contrast, anomaly size, and geological
background) were calculated statistically. Among these indicators, the average anomaly
intensity is the average content of the elements within the anomaly range, anomaly
contrast=average anomaly intensity/background value, and anomaly size = area X (average
anomaly intensity-background value) (Jiang JY et al., 2006). The single element anomalies are

summarized in Table 3.

Table 2 Thresholds and Concentrations of Single Element Anomalies According to the 1 : 50 000
Soil Survey in the Area

Element Calculated Actual threshold Threshold of Thresl.lold of
threshold used anomaly mesozone anomaly inner zone
Ag 119.97 119.97 179.95 239.93
As 16.83 21.24 31.85 42.47
Au 2.72 2.72 4.08 5.43
Bi 0.54 0.54 0.82 1.09
Co 17.87 17.87 26.80 35.74
Cu 38.46 38.46 57.69 76.92
Mo 1.94 1.94 291 3.89
Pb 3731 3731 55.97 74.62
Sb 1.50 1.50 2.25 3.00
Sn 4.50 4.50 6.75 9.00
W 1.64 1.64 2.46 3.28
Zn 93.08 93.08 139.62 186.16

Note: the units of Au and Ag are X1 0’ and the other elements are x10 °.

Table 3 Summary of Single Element Anomalies According to the 1 : 50 000 Stream
Sediment Survey

P t f P t f
Number Number of ereet age. © Number Number of ereent age' ©
Item . . number of single| Item . . number of single
El of single point . . f single point . .
ement . . point anomalies || Element . . point anomalies
anomalies anomalies anomalies anomalies
(%) (%)
Ag 115 40 34.78% Mo 69 11 15.94%
As 71 15 21.13% Pb 90 27 30.00%
Au 298 85 28.52% Sb 82 21 25.61%
Co 146 66 45.21% Sn 181 43 23.76%
Bi 119 55 46.22% w 156 36 23.08%
Cu 126 31 24.60% Zn 108 24 22.22%

2.2.4 Delineation of 1 : 50 000 Geochemical Integrated Anomalies

The processes including unified correlation analysis, cluster analysis, and factor analysis
were conducted for the stream sediment survey data of the whole Area. Then the association
forms of other elements closely related to the major metallogenic elements such as Au, Pb, Zn,
and Cu were distinguished, based on the characteristics of distribution and the association of

geology, mineral, and tectonic rocks. Finally, four element association forms were determined,
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namely, Au-As-Sb, Au-Pb-Zn-Ag, Cu-Co-Cr-Ni, and W-Sn-Mo-Bi respectively.

Integrated anomaly maps were prepared by overlapping single element anomaly maps of
each element with simplified geological maps and simplified geographical maps. The detailed
process was as follows: *.JDX files representing anomalies in single element anomaly maps of
each clement were extracted, along with the number of each single element anomalies;
integrated anomalies for anomaly association of all elements were then determined, according
to relevant principles; finally, these were overlapped with simplified geological maps and
simplified geographical maps.

The integrated anomalies were divided into three categories, namely, Category A,
Category B, and Category C. The anomalies of Category A referred to ore-discovery anomalies
or ore-forming anomalies. The anomalies of Category B referred to inferred ore-forming
anomalies or anomalies having significance for the resolution of some geological problems.
The anomalies of Category C referred to the anomalies of unknown nature. A total of 80
integrated anomalies were delineated in the Area, including four anomalies of Category A, 45
anomalies of Category B, and 31 anomalies of Category C.

2.2.5 Zircon U-Pb LA-ICP-MS analyses

The Zircon U-Pb isotope test was completed in the State Key Laboratory of Geological
Processes and Mineral Resources, China University of Geosciences (Wuhan) (GPMR) and the
State Key Laboratory for Mineral Deposits Research, Nanjing University (SKLMDR). The
analytical process and method in the two laboratories were basically consistent with each other.
Laser ablation - inductively coupled plasma mass spectrometry (LA-ICP-MS) was used for the
test, with a GeoLas2005 selected as the laser ablation system and an Agilent 7500a selected as
ICP-MS. During the test, 91 500 was selected as the internal standard to correct the U-Th-Pb
isotope, GJ-1 was selected as the monitoring sample, and NIST610 was selected as the external
standard. For a more detailed description of the analytical process and instrument parameters,
please refer to (Liu Y'S et al. 2010). Zircon age data and trace element data were obtained by
using the ICP-MS-DataCal 9.5 software. The U-Pb age concordia diagrams and weighted
average ages were calculated by using the Isoplot 3.75 software (Ludwig KR, 2012).

2.3 Key Points of Map Preparation

For preparation of all maps, 1 : 50 000 geological maps and parts of 1 : 250 000
geological maps were adopted as base maps, with 1 : 100 000 selected as the mapping scale,
the projection plane rectangular coordinate system selected as the coordinate system, the
Gauss-Kruger transverse elliptical cylinder equiangular projection selected as the projection
type, the center point of projection of 99° selected as longitude, a 6-degree zone selected as
projection zone type, and the ellipsoid which was recommended by the IUGG and adopted in
the 1980 Xian Coordinate System selected as the ellipsoid parameter.
2.3.1 Mineralogical Maps

The mineralogical maps in the Area consist of independent layers. For the three data
formats of point, line, and plane, close attention should be paid to the splicing between

different maps and the unification of the system database file. The following contents were
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mainly represented on the maps. (1) Basic geological contents such as strata, magmatic rocks
and structures. (2) Deposits of various scales (represented by three symbols corresponding to
large-, medium- and small-scale deposits), ore occurrences, and mineralized points for all types
of minerals. They were numbered consecutively from left to right and from top to bottom.
(3) All anomaly areas, anomaly points and their numbers. The anomaly areas and anomaly
points were determined by geophysical prospecting and geochemical prospecting. (4) Actual
shapes of ore bodies (beds). (5) Different origin types and prospecting degree of the deposits.
(6) Ore bodies (beds) that are marked according to their ages. (7) Various mineralized zones
and alteration zones, etc.
2.3.2 Tectonic Formation Maps

The metallogenic geological background and tectonic formations in the Area were
preliminarily divided according to the geological maps and geotectonic maps of Qinghai
Province and their manuals, the 1 :250 000 regional geological survey data of the
Donggeicuona Lake Map Sheet, the 1 : 250 000 regional geological survey data of the Xinghai
Map Sheet, as well as the 1 : 50 000 regional geological survey data and mineral & geological
survey data mentioned above. During the implementation of the project entitled “ Mineral
Investigation & Prospecting Prediction of the Gouli Gold Deposit Integrated Exploration Area
in Dulan County, Qinghai Province” from 2016 to 2018, the 1 : 50 000 mineral & geology
special mapping was conducted for the Bajiabiclichier Map Sheet (IE47E00 2011),
Rouzaomouri Map Sheet (I47E003012), and Gouli Town Map Sheet (I47E003010). As a
result, typical ore-bearing formations were basically determined, including gold deposits, silver
deposits, lead-zinc deposits, and copper-nickel deposits in the Area. In addition, four maps of
1 : 50 000 original geological records and actual data obtained by mineral & geological
surveys conducted by the Geological and Mineral Exploration Institute of the Qinghai
Provincial Non-ferrous Metals Geological Exploration Bureau, together with the Geological
Exploration Institute of the Chang’an University and the Eighth Team of the Qinghai
Provincial Non-ferrous Metals Geological Exploration Bureau from 2005 to 2007 was
acquired. Based on the data mentioned above, sedimentary rock formation, magmatic rock
formation, volcanic rock formation, metamorphic rock formation, large deformation structure,
etc. were all systematically determined in the Area by means of mapping combined with
preparation. Corresponding pattern filling was carried out for different formation strata,
magmatic rocks, structures, etc. on the map surface according to the characteristics of the
combination and distribution of lithology and lithofacies as well as actual tracks and the
evolutionary process of the structures.
2.3.3 Magnetic Survey Maps

Magnetic survey maps in the Area were prepared according to the following process.
Firstly, the magnetic anomaly data (such as diurnal variation, normal gradient, and height) was
corrected using the software SURFE. Gridding was then conducted again by the inverse
distance weighted method, in order to form GIS data. RTP plane isoline maps were drawn with

the module named Geophysical and Geochemical Anomaly Analysis in the GDPS or
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MORRPAS software. The data processing of the two drawing methods required that the data
were rasterised after gridding.Raster information parameters were provided. Furthermore,
DTM analysis was conducted for the GIS data, which was obtained by using the MapGIS
software, and then isoline maps were drawn. Geological Legends Used for Regional
Geological Maps (GB/T 958-2015) and Standards and Principles of Colors Used for
Geological Maps (DZ/T0179—1997) were referred to as the standards for formats, legends and
colors used in the maps. Finally, anomaly areas (belts) and local anomalies were delineated by
combining the information of mineralogy, geochemical integrated anomalies, and tectonic
rocks. In addition, the anomalies C, (such as C; and C2) were numbered consecutively from
top to bottom and from left to right, according to the positions of the integrated anomalies.
2.3.4 Integrated Anomaly Maps

The integrated anomaly maps were drawn by overlapping single element anomaly maps
of each element with simplified geological maps and simplified geographical maps. The
detailed process was as follows. *.JDX files representing anomalies in single element anomaly
maps were extracted, along with the No. of each single element anomaly. Integrated anomalies
for anomaly association of all elements were then determined according to relevant principles.
This was then overlapped with simplified geological maps and simplified geographical maps.
By taking the map surface loads into consideration, the elements could be distinguished by
color and the concentration zoning could be distinguished by line type. Then the integrated
anomalies were numbered consecutively with the prefix HS from top to bottom and from left to
right. Finally, the maps were completed according to the standards of formatting, legends, and
color given by the specifications detailed above.
2.3.5 Mineral Prediction Result Maps

The mineral prediction result maps were obtained by overlying the layers of the mineral
resources prediction areas with the layers of prediction elements and prediction results. The
four most important metallogenic types in the Area consist of gold deposits, copper-cobalt and
polymetallic deposits, gold-lead-zinc and polymetallic deposits, and mercury (gold) and
polymetallic deposits. Favorable geological prospecting information was as follows:
(1) stratum lithological data, mainly consisting of gold deposits searched for around
metamorphic volcanic rocks such as the Wanbaogou Group and the Nachitai Group, copper-
cobalt deposits sought around the intermediate-basic volcanic rocks of the Halaguole
Formation, cupro-nickel sulfide deposits looked for around the ultrabasic rocks of the
Caledonian Period, and gold-lead-zinc deposits from around the rhyolitic tuff-carbonate rocks
of the Hongshuichuan Formation and the tuff of the Elashan Formation; (2) tectonic-intrusive
rock data, mainly including gold-lead-zinc polymetallic deposits prospected for around the
regional central fracture zone of the East Kunlun Orogenic Belt and its NW-trending secondary
fractures as well as rock masses from the Indosinian Period to the Yanshanian Period; (3)
tectonic-volcanic rock data, mainly including copper-cobalt deposits detected around the
central-southern fracture zones of the East Kunlun Orogenic Belt and their secondary

structures as well as the Halaguole Formation. 1 : 50 000 geochemical anomalies and magnetic
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anomalies can provide important information for the identification of metallogenic belts of
gold, lead, zinc, and copper. The mineralization of gold, lead, zinc, silver, and polymetallic
deposits is basically consistent with the NW-trending second-order tectonic belts, while the
mineralization of copper, cobalt, etc. is consistent with the first-order tectonic belts in central
and southern parts of the East Kunlun Orogenic Belt, as well as Kuhai.

The prospecting prediction areas (belts) in the Area were divided into four grades,
including grade III metallogenic belts (areas)—prospecting areas, grade IV metallogenic sub-
belts—favorable prospecting areas (belts), grade V metallogenic belts (ore fields)—favorable
prospecting sections, and grade VI prospecting favorable blocks (prospecting target areas)
based on the research results mentioned above. Accordingly, the file named Metallogenic
Areas (Belts) Division and Metallogenic Prediction List in the Qinghai Gouli Integrated
Exploration Area was compiled. Among these different grades of metallogenic belts (areas),
the prospecting areas were determined according to the regional tectonic transform zones,
regional mineral zoning, as well as 1 : 200 000 data obtained by regional geophysical and
geochemical prospecting. The favorable prospecting zones were determined according to NW-
trending secondary fractures of the central fracture zone of the East Kunlun Orogenic Belt, the
strata of the Halaguole Formation and the Hongshuichuan Formation, as well as 1 : 50 000
geophysical and geochemical zoning information. The favorable prospecting blocks
(prospecting target areas) were determined according to the third-level fractures in nearly EW-
trending, intermediate-basic volcanic rocks in the Halaguole Formation, the rhyolitic tuff in the
Hougshuichuan Formation, and the 1 : 50 000 geophysical and geochemical local anomalies.
In the division of favorable prospecting blocks (prospecting target areas), close attention
should be paid to 1 : 10 000 and 1 : 5 000 geophysical and geochemical anomalies as well as
surface alteration outcrop information. During the preparation of prediction result maps, the
following aspects were taken into comprehensive consideration: ore-controlling factors,
prospecting indicators, deposit paragenesis, temporal and spatial distribution laws, as well as
the distribution characteristics of the geophysical and geochemical anomaly areas. As the
smallest and most favorable prospecting sections of predicted mineralization, the favorable
prospecting blocks (prospecting target areas) should be determined according to the existing
mineral resource exploration data, anomaly verification, etc. With the work mentioned above,
14 proposed new exploration target areas and nine proposed key follow-up exploration projects
were selected. Accordingly, the file named List of Proposed New Exploration Projects and Key
Follow-up Exploration Projects in the Qinghai Gouli Integrated Exploration Area was
prepared. The metallogenic laws and metallogenic prediction elements of gold deposits, lead-
zinc-silver and polymetallic deposits, copper-cobalt and polymetallic deposits, and mercury

(gold) and polymetallic deposits were shown in mosaic maps.

2.4 Assignmentof Dataset Attributes

The dataset attributes were assigned according to the relevant requirements stipulated in
the Code of Geological Information Metadata (DD2006—-06) and Spatial Database
Establishment Code of Digital Geological Maps (DD2005—05) prepared by the China
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Geological Survey, as well as Geological Legends Used for Regional Geological Maps (GB/T
958-2015), Standards and Principles of Colors Used for Geological Maps (DZ/T0179-1997),
and the Preparation Specifications for Geographical Base Maps of 1 : 50 000 Geological
Maps (DZ/T 0157-95).

3 Description of Data Samples

As for mineralogical maps, the corresponding dataset containing the following units were
established. (1) Information on the geological bodies in the maps, including graphic element
number, name, geological age, rock association, alteration type, and mineralization type. (2)
Fracture information, including length, nature, and motion mode of fractures, as well as the
inclination and inclination angle of the fracture surface. (3) Information of ductile shear zones,
including number and type. (4) Information on mineral locality, including number, name,
geographical location, deposit type, deposit size, metallogenic age, paragenetic mineral
resources, and associated mineral resources.

As for tectonic formation maps, corresponding databases containing the following units
were established. (1) Information on sedimentary rock formation, including number,
stratigraphic unit and its code, formation, formation age, sedimentary facies, rock association,
and the thicknesses of the ore-bearing strata. (2) Information on volcanic rock formation,
including number, rock association, stratigraphic unit and its code, formation age, tectonic
environment, volcanic facies type, and special rocks. (3) Information on magmatic rock
formation, including number, rock name, formation age, petrogenetic type, petrotectonic
association, geotectonic environment, mineral composition, and structure and tectonics of
rocks. (4) Information on metamorphic rock formation, including number, formation type,
formation, lithological characteristics, stratigraphic unit and its code, original rock formation,
formation age, geotectonic environment, and thicknesses of ore-bearing strata.

As for magnetic survey maps and geochemical maps, attributes were assigned and
corresponding databases containing the following units were established: (1) information of
geomagnetic AT plane isoline maps and geomagnetic AT RTP plane isoline maps, including
the number and value of contour, as well as the number, start value, and end value of the
contour region; (2) contour and contour region information of single element geochemical
maps; in terms of contour, the information includes number, element components, and content
of the element components, and for contour region, the information includes the number,
element components, and upper limits and lower limits of the content range of the element
components; (3) information on the geochemical anomaly boundary line and geochemical
anomaly range in single element geochemical anomaly maps, with the geochemical anomaly
boundary line information including the anomaly number and anomaly threshold, and the
geochemical anomaly range information including the number, anomaly threshold, extreme
point, anomaly number, measurement unit, and anomaly area; (4) information on integrated
anomaly range and-the main metallogenic element range in the geochemical anomaly maps,

with integrated anomaly range information including number, area, main associated elements
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and main paragenetic elements, and the main metallogenic element range information
including element types, anomaly threshold, measurement unit, and anomaly areas.

For mineral prediction result maps, the attributes were assigned and corresponding
databases containing the following units were established: (1) metallogenic geological body
information, including number, name, rock association, formation age, spatial features, and
tectonic environment; (2) metallogenic tectonic/structural plane information, including number,
name, type, morphology, size, and occurrence; (3) information on various anomalies, including
number, name, type, morphology, size, and occurrence; (4) information on prediction areas,
including name, number, geographical location, mineral types predicted, resource quantity
predicted, unit of resource quantity, type of prediction area, location of regional tectonics,
mineralization & alteration, metallogenic geological body, metallogenic tectonic/structural
plane, and prospecting indicators.

Excel files were attached. There are six sheets in the file named Zircon U-Pb Age Test
Data in the Qinghai Gouli Integrated Exploration Area. The sub-tables include age data for
five rock masses obtained by the tests of the project team, as well as public age data related to
the Area (with a number of 70) which were collected. The file named Metallogenic Areas
(Belts) Division and Metallogenic Prediction List in the Qinghai Gouli Integrated Exploration
Area contains corresponding information such as the name and number of four grade III
metallogenic belts (areas)—prospecting areas, seven grade IV metallogenic sub-belts—favorable
prospecting areas (belts), eight grade V metallogenic belts (ore fields)—favorable prospecting
sections, and 17 grade VI favorable prospecting blocks (prospecting target areas). The
attributes of the file named List of Proposed New Exploration Projects and Key Follow-up
Exploration Projects in the Qinghai Gouli Integrated Exploration Area comprises information
on the projects such as number, grade, category/direction, chief prospecting mineral types,

name and area.

4 Data Quality Control and Assessment

The data that were collected during the construction of the dataset are rich, complete and
credible. For 12 map sheets in Kuhai-Nageng, in which a 1 : 50 000 regional survey had not
been carried out, related data were obtained by revision and preparation of 1 : 250 000 maps of
regional geological survey data and remote sensing interpretation data of the Donggeicuona
Lake Map Sheet. For the mineralogical maps and tectonic formation maps of three map sheets
such as the Gouli Town Map Sheet (I47E003010), the data in the database primarily came
from field survey. In addition, the magnetic survey maps and geochemical maps were
uniformly obtained by processing the 1 : 50 000 data collected. As for metallogenic prediction
maps, the experimental data such as metallogenic geological bodies and the metallogenic
structural planes in the Area were derived from the tests and research completed during the
sub-project entitled Mineral Investigation & Prospecting Prediction of the Gouli Gold Deposit
Integrated Exploration Area in Dulan County, Qinghai Province from 2016 to 2018. Relevant

tests were completed in State Key Laboratory of Geological Processes and Mineral Resources,
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China University of Geosciences (Wuhan) (GPMR), the State Key Laboratory for Mineral
Deposits Research, Nanjing University (SKLMDR), the Beijing Research Institute of Uranium
Geology, etc. The work outlined above was carried out in strict accordance with the provisions
of the Guidelines for 1 : 50 000 Mineral & Geological Survey (Trial) (China Geological
Survey, March 2016). The data sources are credible, and attribute databases were constructed
perfectly. The maps were revised and prepared in accordance with the provisions stipulated in
the Guidelines for Spatial Database Construction of Geological Maps (China Geological
Survey, 2001), and Code of Comprehensive Organization and Research of Geological Data of
Solid Mineral Exploration (DZ/T 0079-93). The formats, legends and symbols in the
geological maps were presented in accordance with the Geological Legends Used for Regional
Geological Maps (GB/T 958-2015) and Standards and Principles of Colors Used for
Geological Maps (DZ/T0179—1997).

During the construction of the dataset, a quality inspection system was strictly
implemented. A three-tier inspection system consisting of self-check and mutual-check, checks
by the project team and checks by the organization was implemented for all original data. The
daily quality inspection was arranged by the project team leaders. Self-check and mutual-check
covered all the data input of the original records, actual data maps, and materials. The checks
by the project team were presided over by the project leader. During checks by the project
team, the necessary indoor checks were carried out on the basis of self-check and mutual-
check, with a spot check rate of 67.31%. The checks by the organization were arranged by the
Third Non-ferrous Metals Geological Exploration Institute, Qinghai Provincial Non-ferrous
Metals Geological Exploration Bureau, and actively assisted by the project team, with a spot
check rate of 31.21%. As for the check of each level and the modifications by the authors,
quality inspection record cards were filled in. The Third Non-ferrous Metals Geological
Exploration Institute, Qinghai Provincial Non-ferrous Metals Geological Exploration Bureau
checked all forms of comprehensive maps, and was empowered to instruct the people
responsible to solve existing problems. Important difficult problems would be reported to the
superior organization in time and relevant experts invited for consultation. The dataset was
prepared based on the sub-project entitled Mineral Investigation & Prospecting Prediction of
the Gouli Gold Deposit Integrated Exploration Area in Dulan County, Qinghai Province
(2016-2018). Field acceptance of the project was carried out by the Development and Research
Center of the China Geological Survey, together with the expert panel of the Qinghai
Provincial Geological Survey Bureau. The project has successfully passed field acceptance for
three consecutive years. The project team further supplemented and revised the dataset
according to the opinions and suggestions on map normalization, resource potential
assessment, etc. proposed by the expert panel. Databases and reports as project results passed
final acceptance in April 2019 with an excellent total score, achieving the unanimous approval

of the expert panel.
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5 Value of the Data

(1) The sedimentary formations, intrusive rock formations, volcanic rock formations,
metamorphic rock formations, large deformation structures, and the original types of the
Quaternary System in the Area were systematically sorted and determined. The spatial
distribution, original type and exploration degree of the deposits (represented by three symbols
corresponding to large-, medium- and small-scale), occurrences, and mineralized points of
gold, silver, copper, lead, zinc, etc. were ascertained.

(2) The chronological data of the magmatic rocks in the Area was supplemented, enabling
it to be sorted out. The magmatic rocks in the Area mainly consist of the medium-acidic
granitic rocks of the Caledonian Period and the Indosinian Period.

(3) A total of 21 magnetic anomalies were determined in the Area, including 16 anomalies
of Category B, three anomalies of Category C, and two anomalies of Category D. These
magnetic anomalies can generally be divided into the following two types: the magnetic
anomalies of one type are distributed in a NW trending (consistent with the trending of the
first-order central tectonic belts of East Kunlun and A'myemagen first-order tectonic belt)
banded pattern; the magnetic anomalies of the other type are distributed in a nearly elliptical
shape, with the long axis generally in a nearly EW direction (approximately consistent with the
distribution of rock masses from the Late Indosinian Period to the Early Yanshanian Period),
thus providing an indirect indication for geological prospecting.

(4) Single element anomalies were delineated in the Area, including 336 gold element
anomalies, 115 silver element anomalies, 90 lead element anomalies, 108 zinc element
anomalies, 125 copper element anomalies and 146 cobalt element anomalies. 80 geochemically
integrated anomalies were delineated in the Area, including four anomalies of Category A, 45
anomalies of Category B and 31 anomalies of Category C. At present, medium-large gold
deposits and polymetallic deposits totalling six have been found in the Area. Among them, four
deposits are within the 1 : 50 000 anomalies of Category A, named the Asiha Gold Deposit,
the Annage Gold Deposit, the Guoluolongwa Gold Deposit, and the Dulenggou Copper-Cobalt
Deposit. The remaining two deposits are distributed in and around the anomalies of Category
B, named the Walega Gold Deposit and the Kengdenongshe Polymetallic Deposit. According
to these determined anomalies, the Third Non-ferrous Metals Geological Exploration Institute,
Qinghai Provincial Non-ferrous Metals Geological Exploration Bureau has comprehensively
inspected parts of these anomalies and has found a number of deposits (occurrences) with
prospecting potential, such as the Delong Gold Deposit, the Kalong Gold Occurrence, the
Mailong Gold Occurrence, the Seri Gold-silver Occurrence, the Langmuri Copper-Cobalt
Occurrence, and the Longshigeng Copper-Cobalt Occurrence. In addition, the Harizha Large-
scale Silver-Lead-Zinc Deposit and the Nagenqgieer Large-scale Independent Silver Deposit
(expected to be ultra-large scale) discovered by other organizations in the Area are in
agreement with the integrated anomalies pattern that was determined. Therefore, it can be
concluded that the 1 : 50 000 geochemical anomalies in the Area have definite significance in

favorable indications for prospecting.
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(5) The comprehensive prospecting information of the Area was integrated, including the
information obtained from geological surveys, geophysical prospecting, geochemical
prospecting, and remote sensing. Based on this information, the Area was divided into four
grade III metallogenic belts (areas)—prospecting areas, seven grade IV metallogenic sub-
belts—favorable prospecting areas (belts), eight grade V metallogenic belts (ore
fields)—favorable prospecting sections, and 17 grade VI favorable prospecting blocks
(prospecting target areas). The favorable prospecting blocks (prospecting target areas) are the
smallest and most favorable prospecting sections for mineralization prediction. According to
information such as comprehensive mineral exploration data and anomaly verification, 14
target areas were selected for proposed new exploration projects, including 10 target areas of
Category A and four areas of Category B (divided according to the Guidelines for 1 : 50 000
Mineral & Geological Survey (Trial) issued by the China Geological Survey in March 2016).

6 Conclusion

(1) The Area is divided into four second-order tectonic units by the Central Suture Zone
of the East Kunlun Orogenic Belt from the Neoproterozoic Era to the Early Paleozoic Era
(from Pt; to the end of P,), the Xinghai-Kuhai Suture Zone from the Middle Paleozoic Era to
the Late Paleozoic Era (from D to P;), and the A'nyemagen Suture Zone from the Late
Paleozoic Era to the Early Mesozoic Era (from C to the end of T,). According to the
distribution area of the magmatic rocks and the chronological data measured, the magmatic
activity intensity in the Area is characterized by fluctuations. The magmatic activities with the
highest intensity took place from the Ordovician to the Devonian (Caledonian Period) and from
the Permian to the Triassic (from the Variscan Period to the Indosinian Period). During the two
periods when magmatic activity with the highest intensity occurred, granodiorites and diorites
mainly developed in the early period, while monzonitic granite, moyite, etc. mainly developed
in the later period, which represents two different orogenic cycles. The metallogenic period
may be from the Late Triassic Epoch to the Early Jurassic Epoch.

(2) A total of 21 1 : 50 000 magnetic anomalies and 80 geochemical integrated anomalies
were delineated in the Area. The secondary fractures of regional fractures and the 1 : 50 000
geophysical and geochemical information have marked effects on deposit prediction. As a
result, a number of deposits (occurrences) with prospecting potential have been successfully
found in the Area through follow-up work, such as the Harizha Large-scale Silver-Lead-Zinc
Deposit, the Nagengkangqieer Large-scale Independent Silver Deposit, the Delong Gold
Deposit, the Kalong Gold Occurrence, the Mailong Gold Occurrence, the Seri Gold-Silver
Occurrence, the Langmuri Copper-Nickel Occurrence, and the Longshigeng Copper-Cobalt
Occurrence.

(3) The metallogenic areas (belts) of different grades in the Area were predicted. 14
prospecting target arecas were submitted, and nine key follow-up exploration projects were
proposed. It is estimated that the total amount of gold resources, silver resources, lead-zinc

resources, and copper-cobalt resources in the Area are 588.04 tons, 3 197.85 tons, 2 358 300
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tons, and 1 214 900 tons, respectively.

Acknowledgements: We would like to extend our sincere appreciation to senior engineer
Yang Baorong, senior engineer Xie Zhiyong, and senior engineer Wang Xiaoyun from the
Third Non-ferrous Metals Geological Exploration Institute, Qinghai Provincial Non-ferrous
Metals Geological Exploration Bureau for their help during data collection. We would also like
to extend our sincere appreciation to Associate Professor Tan Jun, Associate Professor Fu
Lebing, Dr. Zhao Xu, Bai Huiwen, and Kong Deding from the China University of
Geosciences (Wuhan) for their guidance and help during the dataset preparation. We would
also like to extend our sincere appreciation to the peer reviewers for their valuable opinions
and suggestions on the revision of the maps and text in this paper.

Notes:

(1] Zhang Zhiyong, Zhu Yingtang, Zhou Guangdi, et al. 1998. 1 : 250 000 Geological Survey of the
Xinghai Map Sheet Area. Qinghai Institute of Geological and Mineral Exploration.

@ vin Hongfu, Zhang Kexin, Chen Nengsong, et al. 1999. 1 : 250 000 Geological Survey of the
Donggeicuona Lake Map Sheet Area. China university of Geosciences.

(3] Zhang Xueting, Yang Shengde, Yang Zhanjun, et al. 2005—2006. 1 : 1 000 000 Geological Maps and
Geotectonic Maps of Qinghai Province and Their Manuals. Qinghai Geological Survey Institute.

Ovi Youchang, Luo Cairang, Pan Tong, et al. 2003. Research on Third-round Mineralization Prospect
Zoning and Prospecting Target Area Prediction in Qinghai Province. Qinghai Bureau of Geology and
Minerals Exploration.

O wu Zhengshou, Zhao Chengxiang, Yi Pinggian et al. 2013. Potential Assessment of Mineral

Resources in Qinghai Province. Qinghai Bureau of Geology and Minerals Exploration.

References

Chen Jiajie, Fu Lebing, Wei Junhao, Tian Ning, Xiong Le, Zhao Yujing, Zhang Yujie, Qi Yueqing. 2016.
Geochemical characteristics of late ordovician granodiorite in Gouli Area, eastern Kunlun orogenic
belt, Qinghai Province: Implications on the evolution of Proto-Tethys ocean[J]. Earth Science, 41(11):
1863—1882 (in Chinese with English abstract).

Chen Jiajie, Wei Junhao, Fu Lebing, Li Huan, Zhou Hongzhi, Zhao Xu, Zhan Xiaofei, Tan Jun. 2017.
Multiple sources of the Early Mesozoic Gouli batholith, Eastern Kunlun Orogenic Belt, northern
Tibetan Plateau: Linking continental crustal growth with oceanic subduction[J]. Lithos, 292-293:
161-178.

Feng Chengyou, Zhang Dequan, Li Daxin, She Hongquan. 2003. Sulfur and lead isotope geochemistry of
the orogenic gold deposits in east Kunlun area, Qinghai Province[J]. Earth Science, (06): 593—598 (in
Chinese with English abstract).

Jiang Jingye, Cheng Jianping, Qi Shihua, Xiang Wu. 2006. Applied Geochemistry [M]. Wuhan: China
university of Geosciences Press, 147—148 (in Chinese).

Li Bile, Shen Xin, Chen Guangjun, Yang Yangian, Li Yongsheng. 2012. Geochemicl features of ore-
forming fluids and metallogenesis of vein I in Asiha gold deposit, eastern Kunlun; Qinghai,

Province[J]. Journal of Jilin University (Earth Science Edition), 42(06): 1676—1687 (in Chinese with

142 | http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2019, Vol.46 Supp.(1)



The 1 : 100 000 Mineralogical Dataset of the Gouli Gold Deposit
Integrated Exploration Area in Dulan County, Qinghai Province

GEOSCIENTIFIC DATA & DISCOVERY(4)
English abstract).

Li Huajian, Wang Qingfei, Yang Lin, Yu Huazhi, Wang Xuan. 2017. Orogenic gold deposits formed in
Tibetan collisional orogen setting: Geotectonic setting, geological and geochemical features[J]. Acta
Petrologica Sinica, 33(7): 2189—-2201 (in Chinese with English abstract).

Liu Dawen. 2004. The normalization of regional geochemical data and its application[J]. Geophysical and
Geochemical Exploration, 28(3): 273275, 279 (in Chinese with English abstract).

Liu Yan, Fu Lebing, Wang Fenglin, Wei Junhao, Guan Bo, Tan Jun, Yang Baorong, Wang Dianzhong.
2018. Relationship Between Pb-Zn and Au-Ag Mineralization of Kengdenongshe Polymetallic
Deposit in Eastern Segment of the Eastern Kunlun[J]. Geotectonica et Metallogenia, 42(03):
480—493 (in Chinese with English abstract).

Liu Yongshen, Hu Zhaochu, Zong Keqing, Gao Changgui, Gao Shan, Xu Juan, Chen Haihong. 2010.
Reappraisement and refinement of zircon U-Pb isotope and trace element analyses by LA-ICP-MS[J].
Chinese Science Bulletin, 55(15): 1535—1546..

Ludwig K R. 2012. User's manual for Isoplot 3.75—A geochronological toolkit for Microsoft Excel [M].
Berkeley: Berkeley Geochronology Center Special Publication No. 5, 1 — 75.

Ma Changgian, Xiong Fuhao, Yin Shuo, Wang Lianxun, Gao Ke. 2015. Intensity and cyclicity of
orogenic magmatism: An example from a Paleo-Tethyan granitoid batholith, Eastern Kunlun, northern
Qinghai-Tibetan Plateau[J]. Acta Petrologica Sinica, 31(12): 3555-3568 (in Chinese with English
abstract).

Pan Tong. 2004. Discussion on ore controlling condition of Dulengou Cu-Co depoist in estern Kunlun
metallogenic belt, Qinghai[J]. Mineral Resources and Geology, 18(02): 109-112 (in Chinese with
English abstract).

Tang Yang, Fu Lebing, Yang Baorong, Qi Yueqing, Xie Zhiyong, Li Wenjun, Ma Zhongxian. 2017. Ore
controlling regularities of fault in the Guoluolongwa lode gold deposit,east segment of eastern Kunlun
orogen[J]. Geological Science and Technology Information, 36(2): 160—167 (in Chinese with English
abstract).

Xia Rui, Wang Changming, Qing Min, Li Wenliang, Emmanuel John M. Carranza, Guo Xiaodong, Ge
Liangsheng, Zeng Guanzhong 2015. Zircon U-Pb Dating, Geochemistry and Sr-Nd-Pb-Hf-O Isotopes
for the Nan'getan Granodiorites and Mafic Microgranular Enclaves in the East Kunlun Orogen: Record
of Closure of the Paleo-Tethys[J]. Lithos, (234): 47-60.

Yue Weihao, Gao Jianguo, Zhou Jiaxi. 2013. LA-ICP-MS zicon U-Pb ages and lithogeochemistry of
basic dykes in the guoluolongwa Au orefield, Qinghai Province, China[J]. Journal of Mineralogy and
Petrology, 33(03): 93—102 (in Chinese with English abstract).

Zhang Xueting, Yang Shengde, Yang Zhanjun. 2007. Instructions of 1 : 1 000 000 Qinghai Tectonic Map
in Study on Plate Tectonics of Qinghai Province.Beijing: Geological Publishing House, 1 — 220 (in
Chinese).

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2019, Vol.46 Supp.(1) | 143



	zhouhongzhi
	zhouhongzhi-en

