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The 1 : 50 000 Original Measurement Dataset on Stream
Sediments for 7 Map Sheets including the Raofeng Map in
the Integrated Survey Area of the Shiquan-Xunyang
Gold Ore Zone, Shaanxi

ZHANG Yonggiang, TAN Le*, LI Xiaoming
(Team No.1, Shaanxi Bureau of Geology and Mineral Resources Co. Ltd., Ankang 725000, China)

Abstract: This paper describes the collection of measured and tested data of 18 elements (Au,
Cu, Zn, As, Sb, Hg, Bi, Ti, V, Ag, Sn, Pb, W, Mo, Ni, Co, Cr and Cd) in the stream sediments
of seven 1 : 50 000 map sheets in the integrated survey area of the Shiquan-Xunyang gold ore
zone, Shaanxi, including 13 169 data points and 180 944 total pieces of data, and the
establishment of a geochemical database in the survey area for the first time. Building on this,
233 sheets of a variety of geochemical maps are developed and a spatial database established.
Within the database, 2 083 places of various single-element anomalies are delineated in the
area, including 304 Au anomalies; 10 Au prospecting target areas and 12 Au prospective areas
are delineated; with subsequent comprehensive checking of minerals throughout the integrated
survey area, there are 53 Au deposits (points), including 8 medium-scale Au deposits and 18
small-scale ones, indicating that Au anomalies correspond well with Au deposits (points), and
there are 189 places of mineralized anomalies, indicating that the measurement of 1 : 50 000
stream sediments is one of the best means of prospecting in the survey area.

Key words: Shiquan-Xunyang Au Ore Zone; Shaanxi; Integrated Survey Area; Stream
sediment; Geochemical data; Spatial Database; 1 : 50 000

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

1 Introduction
The measurement of 1 : 50 000 stream sediments across 7 map sheets of the integrated

survey area of the Shiquan-Xunyang gold zone began in 2013 (Fig. 1), of which those in the
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The 1 : 50 000 Original Measurement Dataset on Stream Sediments for
7 Map Sheets including the Raofeng Map in the Integrated Survey Area of FGUNCEANEELECANNENENE)
the Shiquan-Xunyang Gold Ore Zone, Shaanxi

Raofeng, Yingfengjie and Ankang map sheets were organized by the Development and
Research Center of China Geological Survey in 2016—2018; those in the Tiefosi, Hanyin,
Dahekou and Zhaojiawan map sheets were organized by the Xi’an Center of China Geological
Survey in 2013—2015, and both were conducted by the Team No.l, Shaanxi Bureau of
Geology and Mineral Resources Co. Ltd..
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Fig. 1 Range for measurement of the 1 : 50 000 stream sediments of the 7 Map Sheets in the
Integrated Survey Area of the Shiquan-Xunyang Gold Ore Zone, Shaanxi.

The integrated survey area of the Shiquan-Xunyang gold ore zone, Shaanxi, located at the
South Qinling tectonic zone in the midst of the Qinling orogeny, has experienced multi-stage
deformations in its long history of geological evolution, where the typical tectonic patterns are
folding, detachment and ductile shearing zones. In terms of stratigraphic regionalization, it
belongs to the Niushan stratigraphic sub-region of the South China stratigraphic super-region
(Han FL et al., 2013) (Fig. 2). Due to decoupling detachment between the overlying strata and
basement, the outcrop in the area is characterized by the formation of Sinian—early-Paleozoic,
black, low-metamorphic, strongly-deformed fine clastic rock series, which were formed in the
coastal sea environment (Zhang FX et al., 2009; Tang YZ et al., 2012). The outcropped strata
within the area include the Paleoproterozoic Yangpingyan Formation, the basic volcanic rock
of the Yaolinghe Formation and Paleozoic sedimentary—low-metamorphic rocks, where mid-
and late-Silurian—early-Devonian sedimentary strata are poorly developed (Liu GH and Zhang
SG, 1993).

The measurement of the 1 : 50 000 stream sediments in the integrated survey area of the
Shiquan-Xunyang gold ore zone began with preparation of the project design in July 2013, all
works being done in accordance with the relevant technical specifications. The project was
completed in three stages: Stage 1, organization of the geochemical staff to take samples for

the measurement of the 1 : 50 000 stream sediments; Stage 2, checking, verifying, collating
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and processing data, and delineation of geochemical anomalies; Stage 3, plotting a series of

geochemical maps, establishing and improving the regional geochemical database for the

integrated survey area of the Shiquan-Xunyang gold ore zone, and screening and verifying

anomalies.
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Fig. 2 Schematic diagram of the stratigraphic regionalization of the Integrated Survey Area of the

Shiquan-Xunyang Gold Ore Zone, Shaanxi

Metadata for the measured original dataset of the stream sediments in the 7 map sheets of

the integrated survey area of the Shiquan-Xunyang gold ore zone, Shaanxi, are shown in Table 1.

Table 1 Metadata Table of Database (Dataset)

Items Description

Database (dataset) name

Database (dataset) authors

The 1 : 50 000 Original Measurement Dataset on Stream Sediments for 7
Map Sheets including the Raofeng Map in the Integrated Survey Area of
the Shiquan-Xunyang Gold Ore Zone, Shaanxi

Tan Le, Team No.1, Shaanxi Bureau of Geology and Mineral Resources
Co. Ltd.

Zhang Yongqiang, Team No.1, Shaanxi Bureau of Geology and Mineral
Resources Co. Ltd.

Liu Xiaopeng, Team No.1, Shaanxi Bureau of Geology and Mineral
Resources Co. Ltd.

Li Xiaoming, Team No.1, Shaanxi Bureau of Geology and Mineral
Resources Co. Ltd.

Wang Caijin, Team No.1, Shaanxi Bureau of Geology and Mineral
Resources Co. Ltd.
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Continued table 1

Items Description
Data acquision time 2013—2018
Geographic area Shiquan-Xunyang, Shaanxi
Data format * xlsx
Data size 2.01MB
Data service system URL http://dcc.cgs.gov.cn
Fund project China Geological Survey Project (121201004000150017-53,

121201004000160901-54, 121201004000172201-45, 12120113048100).
Language Chinese

Database(dataset) composition The dataset consists of 7 separate Excel sheets: Raofeng Sampling Points
and Element Analytical Result Sheet, Tiefosi Sampling Points and
Element Analytical Result Sheet, Hanyin Sampling Points and Element
Analytical Result Sheet, Dahekou Sampling Points and Element
Analytical Result Sheet, Zhaojiawan Sampling Points and Element
Analytical Result Sheet, Yingfengjie Sampling Points and Element
Analytical Result Sheet and Ankang Sampling Points and Element
Analytical Result Sheet.

2 Field Work Methods

2.1 Selection Method

The survey area is a humid—semihumid mid-and-low hilly natural landscape area (Fan
HM and Li FZ, 2013), humid, rainy, strongly denuded, deeply cut, mainly physically-
weathered, where channel-system alluvium and diluvium have the properties of coarse debris,
suitable for the measurement of the stream sediments (Liu JS et al., 2016). In accordance with
the Specifications of the Geochemical Reconnaissance Survey (1 : 50 000)(DZ/T 0011—-2015),
considering the geochemical landscape features of the survey area, it was decided to use stream
sediment as the medium to be sampled for this geochemical reconnaissance survey, at a
sampling density of 4~8 points/kmz, and —20 meshes ~ +60 meshes are selected for the sample’s

grain size.

2.2 Sampling
2.2.1 Sample Location

In the survey area, samples for measurement of 1 : 50 000 stream sediments are all taken
from the river bottom or the contact between the riverbank and the water surface (Zhang Y et
al., 2018). In intermittent or trunk river channels, samples are mainly taken from the bottom of
the riverbed; in rivers with rapid flow, samples are taken at places where water flows slowly or
stops, or behind a boulder, or where water flow widens, or at the inner side of the turn of the
river channel, where much more fine-grained materials concentrate.
2.2.2 Sampling Materials

Following the principle that sampled media shall represent material components of
bedrocks containing -original geological prospecting information, sampling materials are

sludge, silt or fine sand in stream sediments.
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2.2.3 Sampling Methods

Samples taken from the stream sediments in the survey area are graded sections, mixing
coarse—fine-grain sizes, care being taken to avoid sampling from the humus layer. During
sampling, an emphasis was placed on taking more samples at places where alteration—
mineralization is strong, or which are priorities for prospecting. Samples are taken using the
specific technique below:

(D Prior to sampling, the topsoil or humus layer is removed with a sampling spoon.

(2 The cloth bag used for housing samples is checked to ensure that it does not have split
seams or broken holes before placing samples within it. Before putting moist samples in the
bag, they were placed in a plastic bag and then in the cloth bag, to prevent samples from
becoming wet and contaminated, due to mutual leaching.

(3 To make samples more representative, samples were taken at multiple points of 3~5
places 20~30 m within upstream and downstream of the sampling points and then combined
into one sample.

@ Sampling avoids locations where there are pollutants and accumulated collapses at the
bank due to mine development, villages and towns, dams, field-making from silty land, traffic
route or road junctions.

2.2.4 Point Fixation in the Field

The integrated survey area of the Shiquan-Xunyang gold ore zone, Shaanxi, involves
seven 1 : 50 000 map sheets (Table 2) in which the 1980 Xi’an coordinate system is used and
the central meridian is 111°, and geological data involved in the map sheets were purchased

from the Shaanxi Geographic Information Survey Bureau.

Table 2 Topographic map of seven 1 : 50 000 Map Sheets involved in the Integrated Survey Area
of the Shiquan-Xunyang Gold Ore Zone, Shaanxi

Map sheet name Map sheet number

Raofeng 149E17001
Yingfengjie [49E18002
Tiefosi I49E18003
Hanyin [49E19003
Dahekou [149E19004
Zhaojiawan 149E19005
Ankang 149E02005

The 1 : 50 000 standard topographic map is used as a base map for field measurement of
the stream sediments to determine the sampling points in the field with a hand-held 1GS-100
device (Li CL et al., 2002). Errors in point localization were less than 30 m from their actual

locations, i.e. less than 1 mm on the base map.

2.3 Density of Sampling Points
During the project there were 13 169 samples in total taken from stream sediments. Based

on topographic and landform characteristics, landscape conditions and geological features, for
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the measurement of these 1:50 000 stream sediments, different sampling layouts and
densities were used: at the densest area (i.e. referring to areas where at 1 : 200 000 a
geochemical anomaly is obvious, there was more information on mineralization, larger in the
bedrock area and distributed with less Quaternary strata, and in addition to normal point
arrangements, sampling in sections favoring metallogenesis are undertaken to the standard
density), the sampling density was 5.18~5.46 points/kmz; at the ordinal work area (i.e. referring
to areas where there are more Quaternary strata, smaller or sporadic outcropped bedrocks, and
the 1 : 200 000 geochemical anomaly is weak), the sampling density was 4.1~4.3 points/kmz;
at the scattered area (i.e. intermountain basin), the sampling density was 3.13~3.52 points/kmz.
The combination of these sampling densities allows the effective control of the vast majority of
water catchment within the area, which is cost-effective and enables the effective meeting of

the goal of the geochemical reconnaissance survey.

2.4 Sample Processing

The basic procedure to process samples: natural drying — trituration —sieving —mixing
evenly — weighing and splitting samples —fillling in the label — placing samples into bags —
completing the sample delivery order — placing sampled bags into boxes (Chen YM and Chen
XF, 2018).

Sample drying method: dried under sunlight and air. During drying, rub and knead
samples regularly to prevent caking, and use a mallet to strike them properly,

(2 Dried samples were sieved with a —20~+60 mesh nylon sieve, samples under the sieve
are mixed evenly through diagonal folding, split and then put into paper bags, their weight
being = 310 g.

(3 Samples processed by sample splitting were divided into two parts, each part = 150 g,
one put into a kraft paper bag and sent for testing, and the other placed into plastic bottles,

which were then sealed and kept as duplicate samples.

3 Sample Analysis and Testing

Samples were analyzed and tested by the Xi’an Center for Mineral Resource Supervision
and Testing under the Ministry of Natural Resources and a laboratory of the Hanzhong
Geological-Battalion Co., Ltd. under the Shaanxi Bureau of Geology and Mineral Resource,
both of which possess Qualification A for rock and mineral testing, in strict accordance with
the Additional Rules for Regulating Sample Analysis Technologies of Geochemical
Reconnaissance Surveys (Scale: 1 : 50 000).

3.1 Processing and Preparation of Lab Samples

Labs are provided with full-time staff to manage samples, receive, inspect and care for
samples, as well as handle sample handover procedures strictly in accordance with
requirements in the specifications.

The samples were coded and processed as an analytical batch of 50, each analytical batch

also containing 4 randomly inserted level-1 national standard substances, the data sent to a
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computer to print out a comparison table showing the respective numbers of samples analyzed
and those delivered, which was then used by sample management staff in tasks such as
managing samples and filling in the summary tables, and samples were subsequently sent by
the sample management staff to the ore-crushing room where they were crushed without
contamination.

Geochemical samples must be fully dried at a temperature below 60°C prior to processing.
Before massive sample processing, debris samples should be tested for the best conditions for
agate ball numbers and ball-milling time so that the particle size of the finely-ground samples
meets the requirement for the 1 : 50 000 regional geochemical survey, that finely-ground
samples with particle size reaching —0.074 mm (—200 mesh) accounted for at least 90% of the
sample.

The sample management staff checked whether each processed batch of samples met the
requirement for particle size; inserted designated control samples and Level-1 national standard
samples into acceptable batches as required, whilst separating inner inspection samples based
on their codes and numbers, and then delivering them to quality management staff to assign

analysis tasks.

3.2 Items Analyzed and Analytical Methods

According to the Project Task, Contract and General Design Specification, in 2013—2015,
the items to be analyzed during the measurement of the 1 : 50 000 stream sediments were the
12 elements: Au, Ag, Cu, Pb, Zn, As, Sb, Hg, V, Mo, Ti and W. In 2016—2018, the items to be
analyzed for measurement of the 1 : 50 000 stream sediments totalled 16 elements: Au, Ag,
Cu, Pb, Zn, As, Sb, Hg, Bi, Sn, W, Mo, Cd, Co, Cr and Ni.

Instruments such as Optical Emission Spectrometer (OES), Atomic Fluorescence
Spectrometer (AFS), Inductive Coupling Plasma-Mass Spectrometer (ICP-MS) and Graphite
Furnace-Atomic Absorption Spectrometer (GF-AAS) were used in analysis and testing, and all
elements reported percentages were 100%. Schemes for testing and analysis of the 18 elements

in the survey area are shown in Table 3.

Table 3 Analytical methods, detection limits and report percentages of the 18 elements in the
survey area

Analytical ~ Element Specified detection limit for the 1 : Detection limit of Report

method content 50 000 geochemical measurement the method used percentage (%)
GF-AAS  w(Au)/10” 0.3~1 0.23 100
AAS w(Cu)/10 ° 2 1.00 100
- w(Zn)/10"° 20 5.00 100
HGARS Ww(As)/10°° 0.5~1 0.20 100
i w(Sb)/10°° 0.3 0.05 100
CVARS w(Hg)/10~ 10~50 2.00 100
i w(Bi)/10"° 0.3 0.1 100
wmeaare w(Ti)/10"° 100 9.3 100
= wv)/10 ° 20 5 100
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Continued table 3

Analytical  Element Specified detection limit for the 1 : Detection limit of Report

method content 50 000 geochemical measurement the method used _percentage (%)

ops A 10_': 0.050 0.019 100

w(Sn)/10 2 0.5 100

w(Pb)/10 5~10 0.91 100

Ww(W)/10 ° 1 0.048 100

w(Mo)/10”° 1 0.056 100

1cp-Ms  w(Niy/10™° 1 0.21 100

w(Co)/10°° 1 0.10 100

w(Cr)/10°° 10 1.00 100

w(Cd)/10°° 0.2 0.02 100

4 Description of Data Samples

The measured original dataset on the 1 : 50 000 stream sediments in the 7 map sheets of
the integrated survey area of the Shiquan-Xunyang gold ore zone contains data in Excel form,
including 7 separate sheets: Raofeng Sampling Points and Element Analytical Result Sheet,
Tiefosi Sampling Points and Element Analytical Result Sheet, Hanyin Sampling Points and
Element Analytical Result Sheet, Dahekou Sampling Points and Element Analytical Result
Sheet, Zhaojiawan Sampling Points and Element Analytical Result Sheet, Yingfengjie Sampling
Points and Element Analytical Result Sheet, and Ankang Sampling Points and Element
Analytical Result Sheet (Song XL et al., 2017). Each sheet contains the following: sample No.,
Gaussian coordinates, map sheet No., stratigraphy, analyzed result (elements analyzed in
Tiefosi, Dahekou, Hanyin and Zhaojiawan map sheets are Au, Hg, Ag, Cu, Pb, Zn, Mo, As, Sb,
Ti, V and W; elements analyzed in Yingfengjie, Raofeng and Ankang map sheets are Au, Ag,
Cu, Pb, Zn, As, Sb, Hg, Bi, Sn, W, Mo, Cd, Co, Cr and Ni) and remarks. Dataset structure

could be seen in Table 4.

Table 4 Dataset structure of the measured original data of the stream sediments in the integrated
survey area of the Shiquan-Xunyang gold ore zone, Shaanxi

No. Name of data item Dimension Data category Field length Real example
1 Sample No. Character type 20 57C2
2 Map sheet No. Character type 20 149E018002
3 Stratigraphy Character type 20 05—S,b
4 Gauss horizontal coordinate Character type 20 255460
5 Gauss vertical coordinate Character type 20 3672075
6 Longitude Character type 20 108°22'45"
7 Latitude Character type 20 33°08'48"
8 Au 10° Floating-point type 20 1.03
9 Ag 10° Floating-point type 20 42
10 Cu 10° Floating-point type 20 35.9
11 Pb 10° Floating-point type 20 35.9
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Continued table 4

No.  Name of data item Dimension Data category Field length Real example
12 Zn 10° Floating-point type 20 83.7
13 As 10° Floating-point type 20 3.88
14 Sb 10° Floating-point type 20 2.13
15 Hg 10”° Floating-point type 20 49
16 Bi 10° Floating-point type 20 0.85
17 Sn 10° Floating-point type 20 3
18 w 10° Floating-point type 20 2.14
19 Mo 10° Floating-point type 20 0.93
20 cd 10° Floating-point type 20 0.1
21 Co 10° Floating-point type 20 223
22 Cr 10° Floating-point type 20 94.6
23 Ni 10° Floating-point type 20 419
24 Ti 10° Floating-point type 20
25 \Y 10° Floating-point type 20

5 Data Quality and Assessment

5.1 Quality of the Original Data

In the process of analyzing and testing geochemical samples in the Tiefosi, Hanyin,
Dahekou and Zhaojiawan map sheets, every 50 samples were grouped to be coded and
processed as one analytical batch, each analytical batch being randomly inserted with 4 Level-1
national standard substances which were GBWO07302a, GBWO07304a, GBW07309 and
GBWO07318, in order to monitor and control the precision of the analytical process. In addition,
12 Level-1 national standard substances are added randomly in sections (once for every 500
samples) for 15 times in total, to monitor the accuracy of the analytical process, and some high
and low values of samples were randomly inspected and analyzed, with 2.6% of samples
receiving random inspection.

In the process of analyzing and testing geochemical samples in the Raofeng, Yingfengjie
and Ankang map sheets, every 50 samples were grouped to be coded and processed as one
analytical batch, 243 batches in total. Each analytical batch is randomly inserted with 4 Level-1
national standard substances purchased from the CAGS Geophysical & Geochemical
Exploration Institute, in order to monitor and control the accuracy of the analytical process. Of
these, to analyze the 8 elements Au, Ag, Hg, Pb, Sn, As, Sb and Bi, GSD-10, GSD-14, GSD-
18 and GSD-20 were inserted to control the precision of the analytical process; to analyze the
other 8 elements Cr, Co, Ni, Cu, Zn, Mo, Cd and W, GSD-8a, GSD-9, GSD-10 and GSD-14
were inserted to control the precision of the analytical process, and some high and low values
of samples were randomly inspected and analyzed, with 1.4 % of samples receiving random
inspection.

During this detection, the qualifying rate of element inner examination (duplicate sample)
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was more than 95.00%; all elements’ report percentages were 100%; the qualifying rate of
element anomaly re-examination was at least 97.5%; the detection limits of analytical methods
used all met the standard requirement on 1 :50 000 geochemical samples in
DZ/T0130.4-2006. Precision of methods: the mean AlgC detected with Level-1 national
standard substance was within —0.099~+0.099. Accuracy of methods: the mean AlgC detected
with Level-1 national standard substance was within —0.099~+0.099. The detection limit,
precision and accuracy of the analytical methods selected met the quality-related requirements
in the Additional Rules for Regulating Sample Analysis Technologies of Geochemical
Reconnaissance Surveys (Scale 1 : 50 000).

Above-mentioned figures concerning quality-related parameters indicate that this
examination fully complied with the quality-related requirements in the Additional Rules for
Regulating Sample Analysis Technologies of Geochemical Reconnaissance Surveys (Scale

1 250 000) and DZ0130.4—2006.

5.2 Quality in Establishing the Resulting Database

The measured results database of the 1 : 50 000 stream sediments in the 7 map sheets
including Raofeng on the integrated survey area of the Shiquan-Xunyang gold ore zone,
Shaanxi (Wan CX et al., 2009), was set up in accordance with the geochemical data model by
using the software platform DGSS (Pang JF et al., 2017), properties and structures of all the
elements analysed were completed by referring to the content and structure of the CGS’s solid
mineral survey database (Zuo QC et al., 2018; Li CL et al., 2013), to ensure that the data
structure and content were complete and sound. The generated measurement databases of
1 : 50 000 stream sediments in the 7 map sheets have been reviewed and accepted by the
experts from the Xi'an Center of China Geological Survey and the Development and Research
Center of China Geological Survey, scoring 93, awarded “Excellence”, and have thus been

handed over.

6 Conclusions

The scope of the work area involved in this database was the measurement of the 1 :
50 000 stream sediments in the 7 map sheets including Raofeng in the integrated survey area of
the Shiquan-Xunyang gold ore zone, Shaanxi, organized and implemented by the Xi'an Center
and the Development and Research Center of China Geological Survey, covering 3 010 km’. It
is the first time that unified sampling, analytical and testing methods have been used to analyze
elements in a systematic way in the integrated survey area of the Shiquan-Xunyang gold ore
zone, Shaanxi. It is also the first time that a geochemical databases have been established in a
standardized way in the integrated survey area, so as to obtain valuable first-hand geochemical
measurement information.

With the results from the database, 10 Au prospecting target areas and 12 Au prospective
areas were delineated in the integrated survey areao, and at the newly-discovered Bawanggou

Au deposit from the Au-delineated prospecting target area at and around Shuanghekou, Hanyin
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County, Shaanxi, with a subsequent provincial fund for geological exploration, it was found

that the Au resource (333+334) was 30 tons; in the Au-prospecting target area at and around

Jiangjunshan, Ankang city, Shaanxi, the Zaoyang Au deposit was recently found, and a

subsequent provincial fund created for geological exploration, the Au (333+334) resource is 20

tons. In addition, 4 new gold ore occurrences were discovered in Shaanxi by using the results

from this database, and they are located in Yangou, Ningshan County; Liukeng, Hanbin

District, Ankang City; Shiqiao and Zhanfang, Shiquan County, all of which have a certain

prospecting potential. Furthermore, the results from the database have guided Shaanxi to find

2-4 new large-scale Au resource development bases.

Notes:

o Zhang Yonggqiang, Sun Jian, Tan Le. 2018. Comprehensive result report of sub-projects from 2016 to
2018 on mineral investigation and prospecting prediction in the integrated survey area of the Shiquan-
Xunyang gold ore zone, Shaanxi[R]. Ankang: Team No.1, Shaanxi Bureau of Geology and Mineral
Resources Co.Ltd., Ankang, Shaanxi, 1-260 (in Chinese).
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