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With the continuous development of hydrocarbon exploration, how to efficiently, economically, accurately, and comprehensively
obtain mineral species, composition, and structure and diagenesis information has become one of the hot topics in both the
academia and industry. By scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS), a new method of
qualitative mineral identification and quantitative measurement is established. Typical tight sandstone reservoir rock samples in
the Ordos Basin are selected; through the element surface scanning image of “mineral element composition” and “pixel element
combination”, mineral types are distinguished, and mineral parameters such as types, characteristics, and content are rapidly and
accurately determined. Meanwhile, such results achieved via the new method are compared with conventional XRD and TIMA
methods. The results show that the new method exhibits several advantages: cost advantages compared to XRD experiment
analysis technology and TIMA system and ability to analyze low content minerals which XRD techniques are hard to identify; it
allows quantitative characterization on the phenomenon of mineral miscibility, which is of great significance to explore the mineral
diagenetic evolution.

1. Introduction

The rapid development of oil and gas exploration requires
more detailed study of the tight reservoirs. Qualitative analyses
and quantitative measurements of mineral compositions
within the tight reservoir are of great significance to practical
application. The identification of rocks and minerals can pro-
vide accurate and comprehensive information including min-
eral composition and structural characteristics and diagenesis
and allows revealing the reservoir heterogeneity and pore
structure [1–4].

At present, the methods of qualitative observation of min-
erals include the optical microscope method, scanning elec-
tron microscopy, and infrared spectroscopy [5–7]. The
optical microscopy method provides comprehensive analysis

of mineral characteristics and mutual relationships. However,
because of the limitation of resolution, it can do little in terms
of determining the qualitative analysis of small particles, espe-
cially micro-nanoscale mineral morphology and structural
characteristics [8–10]. The scanning electron microscopy
method focuses on the surface morphology of nanometer/mi-
cron scale minerals via secondary electronic imaging [11]. The
scanning electron microscope and the X-ray methods are
often combined to realize the comprehensive analysis of the
mineral components and microstructure [12, 13]. The infra-
red spectrum method is to obtain the structure information
of the mineral molecules and obtain composite database by
establishing the infrared spectrum diagram. This method has
been used to qualitatively characterize the minerals, to study
the composition of oil and gas inclusion, and the temperature
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of the abundance of the oil and gas [14–18]. The laser Raman
spectroscopy provides accurate and rapid measurement of the
fluid components in the rock by using the laser Raman
spectrometer [19–23]. It is, however, difficult to accurately
determine the mineral type and calculate the mineral content,
yet it can only analyze the mineral composition elements.
Therefore, to make quantitative characterization of mineral-
s/elements, to combine the Raman spectrometer and other
methods and instruments has become one of the key develop-
ment trends of Raman spectroscopy [24–27].

X-ray diffraction (XRD) is the main method for quanti-
tative mineral analysis. According to the positive correlation
between diffraction intensity and content of minerals, min-
eral content in rocks can be rapidly and accurately analyzed
[28]. For instance, X-ray diffraction can be used to rapidly
analyze the content of calcite and dolomite in carbonate
rocks [29], study the order degree of dolomite [30], and
identify the minerals in phyllite and kimberlite, so as to eval-
uate the deposit [31, 32]. However, close symbiosis and asso-
ciated phenomena of different minerals in rocks exist, and it
is susceptible to the influence of diffraction peaks of other
minerals when the content of measured minerals is low
[33]. In addition, the mineral morphology cannot be directly
observed by using the X-ray diffraction method, and the
change of some mineral compositional structure could lead
to errors in the analysis results [9].

Mineral identification methods that combine qualitative
observation with quantitative analysis include mineral dissoci-
ation analysis (MLA) [7, 34], quantitative evaluation of
minerals by scanning electron microscopy (QEMSCAN),
and automatic mineral characterization quantitative analysis
system (AMICS) ([6, 35–37]). This method establishes a set
of mineral quantitative analysis system through scanning
electron microscopy and energy spectrometer and uses the
backscattered electron (BSE) image which can reflect the dif-
ference of mineral phase composition and X-ray energy spec-
trum rapid analysis technology to accurately identify minerals
[7, 38]. Some scholars used INCA software on OXFORD spec-
trometer to establish a synthetic energy spectrum database and
retrieval system for minerals and used it to identify minerals
[39]. Such methods have already realized quantitative identifi-
cation of rare earthminerals which conventional identification
methods are difficult to accomplish, yet problems such as high
measurement cost and difficulty in application and promotion
still exist [40–48].

Aiming at the existing disadvantages regarding the qual-
itative identification and quantitative measurements of min-
erals, the objectives of this paper are to introduce a new
method of mineral identification and measurement based
on SEM and EDS, and it is named “EDS method.” This
method allows identification of minerals in the microsurface
area using the element surface scanning image of “mineral
element composition” and “pixel element combination”
and can determine accurately and quickly the mineral types,
mineral characteristics, and mineral content. This method
also enables qualitative identification and quantitative char-
acterization of minerals that affect pore throat system, and it
has been applied to the Triassic Yanchang Formation, Ordos
Basin, to analyze the mineral composition and content.

2. Methodology

Existing literature suggests that the rock mineral identifica-
tion has evolved to a trend that requires both qualitative
morphological determination and quantitative structural
and principle analyses (e.g., Liao 2018). Accordingly, with
the rapid development of equipment, the Fourier infrared
spectrometer, X-ray diffractometer, Raman spectrometer,
and scanning electron microscope have been applied to min-
eral identification [6, 9, 34].

The EDS method proposed in this paper is based on sur-
face micro area identification via SEM-EDS image “mineral
element composition” and “pixel element association”
(Table 1): mineral element association: based on chemical
formula discrimination of basic minerals; pixel element
association: based on scanning every single pixel “one and
only” element association.

The procedures are as follows (Figure 1):

(1) Draw element content distribution map. Samples
and local positions are selected, holographic surface
scan is run using the OXFORD INCA X-MAX50
250+, and distribution map of basic element compo-
sition and element content are generated

(2) Determine pixel element distribution. The distribu-
tion map is divided into pixel points, according to
the relative mineral element content distribution,
and the mineral type of each point is determined

(3) Run new algorithm of mineral identification. Based
on the skeleton and element associations of clay
minerals, the mineral identification is realized based
on “pixel element association” method

(4) Run denoise and correction process. After the min-
eral type is identified, the skeleton mineral is
denoised using the marginal examination method
and compared to the original image so that they
are in line with the actual situation

On the basis of “mineral element association,” “impurity
element and substitute element,” and “statistics of energy
spectrum point,” considering all the possible element associ-
ations (Table 2), the mineral identification is realized.

In order to achieve a better recognition effect, it is neces-
sary to take full consideration of the “one and only” element
combinations at pixel points when using the new method,
including (1) the alternative elements that may exist in some
mineral element combinations, such as the alternative ele-
ments Mg and Fe in kaolinite (Al4[Si4O10](OH)8); (2) when
the sample is not oil-washed, the influence of element C
should be considered due to the existence of residual oil in
clay minerals and some skeleton minerals; (3) the analysis
should be carried out according to the actual situation of
the energy spectrum points of each mineral. In the process
of miscibility of different minerals, impurity elements may
exist, such as potassium feldspar (K[AlSi3O8]) and albite
(Na[AlSi3O8]) in the perthite, yet mixing of Ca element
may exist.
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3. Results

3.1. SEM-EDS Element Scan Results. Planar scanning is run
through the scanning electron beam on the specimen surface
observation area, and different element displays on the
screen in different colors, respectively, showing the distribu-
tion of the image. It can also correspond to acquisition of
secondary electron image, which is intuitive and clear—the
more points, the higher brightness and thus the higher indi-
cator element content. Although the accuracy of quantitative
analysis of light elements by this method is not ideal at pres-
ent, it is still of practical significance to take the quantitative
analysis result as the data of relative comparison. The back
and bottom noise of surface scanning will also produce a

small amount of bright spots, which cannot be distinguished
from low-content elements. The sample surface is required
to be smooth, and the thin slice sample after cutting should
be selected and treated with soot blowing and cadmium
spraying. As shown in Figure 2, the SEM scanning electron
microscope image and local mineral characteristics of sam-
ple 284-3-9-Z were selected, and EDS holographic scanning
was performed.

According to the distribution of holographic scanning
results of common elements, the relative contents and areal
distribution of K, Na, Ca, Mg, Al, Si, Fe, C, and O were
obtained (Figure 3). Then, according to the new SEM-EDS
element-mineral determination method, the common skele-
ton minerals and clay minerals are identified and displayed.

Table 1: Rock mineral major and associated and impurity element.

Type Mineral Chemical formula Major element Associated/impurity element

Oxide Quartz SiO2 Si, O C

Silicates carbonate Potash feldspar K[AlSi3O8] K, Al, Si, O Na, C

Silicate Plagioclase
Na[AlSi3O8]
Ca[Al2Si2O8]

Na/Ca, Al, Si, O C

Carbonate

Calcite Ca[CO3] Ca, C, O Si, Fe

Dolomite CaMg[CO3]2 Ca, Mg, C, O Si, Fe

Siderite Fe[CO3] Fe, C, O /

Sulfide Pyrite Fe[S2] Fe, S C

Silicate Illite K0.75(Al1.75MgFe)[Al0.5Si3.5O10](OH)2 K, Mg, Fe, Al, Si, O Na, C

Silicate Chlorite (Mg3/Al3/Fe3)[Si4O10](OH)2 Mg, Fe, Al, Si, O C

Silicate Smectite Ex(B2O)4{(Al2-x,Mgx)2[(Si,Al)4O10](OH)2} Mg, Al, Si, O Na, Ca, K, C

Silicate Kaolinite Al4[Si4O10](OH)8 Al, Si, O Mg, Fe, C

Pore Residual oil C O

Step 4: Mineral identification and determination+image denoise and correction

(1) Determine the mineral type based on
pixel element composition (2) Run denoise and correction 

Step 3: Determine element-mineral composition based on “pixel-element association”

(1) Determine element with certian
existence for minerals

(2) Determine element with possible
existence for minerals

Step 2: Analyze EDS data, determine element combination for pixel point

(1) Determine pixel element distribution (2) Determine element composition for
every pixel point

Step 1: SEM image+EDS element scan

(1) Select typical sample and SEM image (2) Run EDS scan and image processing

Figure 1: Technical process of EDS element-mineral identification.
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3.2. Mineral Identification Results and Verification. Based on
the element associations and content relationship discussed
above, mineral type identification and mineral content deter-
mination are realized using the new planar scanning method
(Figure 4). First, the major mineral of the selected sample is
determined, including the skeleton mineral (quartz, potash

feldspar, albite, and carbonate minerals) and clay minerals
(illite, chlorite, smectite, kalinite, etc.). In addition, the mineral
content planar distribution is analyzed, while the rest repre-
sents pores.

The rock skeleton mineral is characterized by smooth
and complete surface, such as quartz, potash feldspar, albite,

Table 2: Element associations for new mineral identification method.

No. Minerals Element with certain existence Elements with possible existence

1 Quartz Si, O C

2 Potash feldspar K, Al, Si, O Na, C

3 Albite Na, Al, Si, O Ca, C

4 Anorthite Ca, Al, Si, O C

5 Calcite Ca, C, O Si, Fe

6 Dolomite Ca, Mg, C, O Si, Fe

7 Siderite Fe, C, O /

8 Pyrite Fe, S C

9 1 Illite 1 K, Mg, Fe, Al, Si, O Na, C

10 2 Illite 2 Na, Mg, Fe, Al, Si, O K, C

11 Chlorite Mg, Fe, Al, Si, O C

12 Smectite Mg, Al, Si, O Na, Ca, K, C

13 Kaolinite Al, Si, O Fe, C

14 Pore C O

(a) (b)

(c) (d)

(e) (f) (g) (h)

g

f

ba
h

c

d
e

Figure 2: Sample 284-3-9-Z SEM-EDS holographic scanning and local mineral features. (a, b) Miscible potassium and sodium feldspar; (c,
d) clay minerals; (e) minerals and pores; (f) dissolved potassium feldspar which is filled with calcite; (g, h) mixed mineral debris in pores.
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Figure 3: Continued.
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and carbonate minerals. The denoise process for the skeleton
mineral surface is required using marginal examination
method (Figure 5). Clay minerals are relatively plastic and
mainly distributed within primary pores; their morphologi-
cal characteristics are closely related to the pore morphol-
ogies. Clay minerals are distributed within different types
of micro-nanoscale pores, the mineral surfaces are relatively
rough, and denoise is thus not required.

The SEM-EDS planar scanning element-mineral identifi-
cation results are as follows (Figure 6): (1) the skeleton min-
erals have smooth surfaces and are widely distributed, while
clay minerals are distributed within pores formed between
skeleton grains; (2) the selected sample is mainly composed
of skeleton minerals (quartz, albite, and potash feldspar) with
proportion of 66.01%, carbonate minerals (calcite and dolo-
mite) with 19.5%, and clay minerals (mainly chlorite and
smectite and secondly kalinite and illite) with 10.59%. The
proportion of pores in the selected slice is 3.78%.

Through the analysis of the minerals in the local area of
the selected sample, the occurrence mode for various kinds
ofminerals could be clearly displayed (Figure 7). Quartz grains
are developed with high content and good roundness
(Figures 7(a) and 7(b)). Feldspar is mainly composed of pot-
ash feldspar and albite, and these two minerals display mutual
mineral metasomatic phenomenon inmany areas (Figure 7(d)),

which is mainly caused by the uneven distribution of the K and
Na elements in minerals. In addition, in the process of fluid
filling, the albite will be dissolved into pores and filled with clay
minerals and later formed carbonate minerals (Figures 7(e) and
7(f)). The clay minerals mainly attach to the surface of skeleton
mineral particle and fill into large pore throats (Figures 7(c)
and 7(e)).

4. Discussion

4.1. Comparison of EDS Identification and XRD Analysis.
The identification results via the EDS new method are com-
pared with the XRD mineral quantitative analyses and sug-
gest that difference exists regarding the skeleton minerals
including quartz, feldspar, carbonate, and clay minerals con-
tent, and they include the following.

(1) Quartz content: XRD analysis indicates the quartz
content ranges from 25.5% to 36%, with average
30.4%, while EDS analysis indicates the quartz con-
tent ranges from 23.8% to 33.1%, with average
29.0%; the difference lies 0.3-4.8%

(2) Feldspar content: for potash feldspar, XRD analysis
indicates the content ranges from 6.1% to 14.0%,

226
Si Ka1600 𝜇m

(g)

263
C Ka1_2600 𝜇m

(h)

215
O Ka1600 𝜇m

(i)

Figure 3: Sample 284-3-9-Z SEM-EDS major element distribution map: (a) K; (b) Na; (c) Ca; (d) Mg; (e) Al; (f) Fe; (g) Si; (h) C; (i) O.
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with average 10.2%, while EDS analysis indicates the
content ranges from 6.1% to 18.5%, with average
12.0%; the difference lies 0-4.5%. For albite/plagio-
clase: XRD analysis indicates the content ranges
from 18% to 40.7%, with average 30.3%, while EDS
analysis indicates the content ranges from 22% to
35%, with average 28.7%; the difference lies 1.1-5.9%

(3) Carbonate content: for calcite, XRD analysis indi-
cates the content ranges from 0.5% to 14.2%, with
average 2.4%, while EDS analysis indicates the con-
tent ranges from 0.5% to 12.1%, with average 2.9%;
the difference lies 0-2.1%. For dolomite, XRD analy-
sis indicates the content ranges from 0.8% to 13.1%,
with average 7.0%, while EDS analysis indicates the
content ranges from 1.8% to 11.9%, with average
7.7%; the difference lies 0-0.6-3.8%

(4) Clay minerals: XRD analysis indicates the content
ranges from 11% to 36.1%, with average 19.7%, while
EDS analysis indicates the content ranges from 10.7%
to 33.7%, with average 19.8%; the difference lies 0-5%

In general, the content of skeleton minerals identified
and calculated by the new EDS method is higher than that
obtained by the XRD results (Figure 8). The reasons may
include the following: (1) the new method is based on scan-
ning electron microscopy, and skeleton minerals need to be
firstly cut for sample preparation, which leads to a larger
plane distribution area of skeleton minerals; (2) miscible
minerals will appear identification bias, and XRD identifica-
tion is based on a certain industry standard classification,
which will also cause deviation; (3) the new mineral identifi-
cation method can denoise the skeleton minerals and
increase the surface area of the skeleton minerals.

Quartz Potash feldspar Albite

Calcite Dolomite Illite

Chlorite Montmorillonite Kaolinite

300 𝜇m300 𝜇m300 𝜇m

300 μm

300 𝜇m 300 𝜇m

300 𝜇m 300 𝜇m

300 𝜇m

Figure 4: Sample 284-3-9-Z SEM-EDS planar scanning mineral content distribution map (before denoise).
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The relative contents of clay minerals (illite, smectite,
chlorite, and kaolinite) had little difference: (1) illite content:
XRD content ranged from 0.9% to 10.1%, with an average of
4.5%, and EDS content ranges from 1.6% to 11%, with an
average of 4.8%, with a difference of 0-2.1%; (2) smectite
content: XRD content was distributed in the range of
1.9%-16.5%, with an average of 7.8%; EDS content was dis-
tributed in the range of 2%-17%, with an average of 7.4%,
with a difference of 0.1-6.3%; (3) chlorite content: XRD
content was 3.8%-10.2%, with an average of 7.4%, and EDS
content was 3.9%-10.8%, with an average of 7.0%, with a dif-
ference of 0.1-2.4%; (4) kaolinite content: the kaolinite con-
tent in the sample area is relatively low (generally less than
1%), and XRD fails to effectively identify it. The mineral
content identified by EDS is generally less than 1%, with
an average content of 0.6%, and the performance of EDS
identification is obviously better than that of XRD analysis.

In general, the content of clay minerals identified and
calculated by the new method is higher than that analyzed
by XRD (Figure 9). The reasons are perhaps as follows. (1)
The new method is based on scanning electron microscopy,
skeleton minerals are cut after rock slice processing, and the
polishing fluid could pollute the surface characteristics of
clay minerals in the reservoir, which increases the difficulty
of identification. (2) After the completion of mineral identi-
fication, the new method does not denoise clay minerals, and
the relative content of clay minerals may be small. (3) The
minerals in the illite/smectite mixed layer cannot be effec-
tively distinguished via the current new method.

Based on the results discussed above, the “EDS method” is
able to qualitatively identify minerals, although differences
exist compared to the XRD method. Advancing sampling
techniques and higher resolutionmicroscopes will reduce such
differences. Meanwhile, the EDS method possess obvious

Quartz Potash feldspar Albite

Calcite Dolomite Illite

Chlorite Montmorillonite Kaolinite

300 𝜇m

300 𝜇m

300 𝜇m300 𝜇m

300 𝜇m

300 𝜇m300 𝜇m

300 𝜇m

300 𝜇m

Figure 5: Sample 284-3-9-Z SEM-EDS planar scanning mineral content distribution map (after denoise).
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advantages including (1) qualitative identification and quanti-
tative calculation are both realized through element scanning
at mineral surfaces and calculating mineral content; (2) able
to identify low-content minerals through element associations
determination, for instance, the pyrite and siderite in this
study, whereas XRD method finds it hard to identify; (3) able
to identify the characteristics of miscibility minerals and calcu-
late their content, which is of great significance to mineral
characteristics and diagenesis.

4.2. EDS Identification and TIMA Analysis. The SEM-TIMA
composite mineral analysis system in the School of Earth
and Space Sciences, Peking University, allows analysis of
microstructure and granular structure containing mineral
dissociation and assemblage. This system is composed of
TESCAN field emission scanning electron microscopy, TES-
CAN composite mineral analyzer, YAG scintillator back-
scattering detector BSE, and cathode fluorescence detector
CL synchronous detection system [49, 50]. This system
allows identification and measurement of more than 5,000
types of mineral content, through analyzing the overlap
degree of mineral element spectrum, representing the
cutting-edge technology [51]. The sample is also submitted
to this system for analysis, and the results show that 9.68%
of the area fails to recognize any minerals (Figure 10).

The sample GJ141-7-25 is analyzed via the EDS method,
XRD, and TIMA method to compare the practicability. Min-
eral identification results obtained via the EDS method and

the XRD method are similar, whereas they both display con-
siderable differences compared to the TIMA method
(Figure 11). The TIMA results rely on the standard spectrum
database; to require more accurate results, it requires modi-
fication of the samples compared to the standard database.
Meanwhile, although the TIMA method can identify thou-
sands of types of minerals, it cannot identify clay minerals
as accurate as the XRD and EDS methods.

4.3. “EDS Method” Advantages. The EDS method is devel-
oped on the basis of scanning electron microscopy and
energy spectrum analysis in field emission environment. It
is a quantitative characterization method, based on mineral
element composition and pixel element combination to dis-
tinguish mineral types in microsurface areas. As a visual
mineral analysis method, it has significant advantages over
the XRD method. In addition to obtaining the characteristics
and relative content of mineral components, this method
can also display the characteristics of pore structure, which
expands the characterization content of pore structure based
on scanning electron microscopy and enables the micro-
pores of oil flow with mineral properties.

The TIMA method is oriented to various rocks and mul-
tiple mineral facies of one certain mineral. In contrast, the
“EDS method” is a mineral analysis method specially
designed for reservoir rocks in the field of petroleum geol-
ogy. By referring to XRD analysis and testing standards
and other relevant industry standards in the petroleum field,

400 𝜇m

Mineral 
composition

Percentage
content (%)

Quartz 30.86%

Potash
Feldspar 10.03%

Albite 25.12%

Calcite 11.67%

Dolomite 7.60%

Siderite 0.12%

Illite 0.97%

Chlorite 4.79%

Montmorillo
nite 3.11%

Kaolinite 1.84%

Pore 3.89%

Figure 6: Sample 284-3-9-Z SEM-EDS planar scanning element-mineral identification result.
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Mineral 
composition

Quartz

200 𝜇m

Potash feldspar

Albite

Calcite

Dolomite

siderite

Illite

Chlorite

Montmorillonite

Kaolinite

Pore

200 𝜇m

(a) (b)

(d)(c)

(e) (f)

50 𝜇m 50 𝜇m

50 𝜇m40 𝜇m

Figure 7: Sample 284-3-9-Z EDS element-mineral local characteristics. (a, b) Sample 284-2-45 and 284-3-9 backscatter and EDS element-
mineral identification map; (c) two images of chlorite; (d) two images of potash feldspar and albite; (e) two images of major clay minerals; (f)
two images of calcite.
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Figure 8: Skeleton mineral content results obtained via the EDS method vs. the XRD method.
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the element composition library of common minerals in var-
ious reservoirs is established to realize and strengthen the
parallel comparison between various reservoir physical anal-

ysis techniques. Figure 11 shows that the EDS method anal-
ysis results are more consistent with the XRD whole-rock
mineral analysis results obtained by testing under the oil
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Figure 9: Clay mineral content results obtained via EDS method vs. XRD method.

Mineral 
composition

Percentage 
content (%)

Quartz 23.86%

Orthoclase 23.29%

Plagioclase 30.01%

Calcite 8.62%

Dolomite 2.01%

Illite 1.10%

Chlorite 1.43%

Unrecognized 9.68%

Figure 10: Results obtained via SEM-TIMA method, sample Y416-3-53.
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and gas industry standards. Therefore, it is also a method for
coarsening mineral facies. With limited coarsening mineral
facies, it focuses on the mineral component characteristics
that can cause the difference of reservoir wettability and nor-
malizes the mineral types in the reservoir, which can better
serve the process of petroleum exploration and development
and perhaps has stronger practical application value.

5. Conclusions

With the continuous development of hydrocarbon explora-
tion, how to efficiently, economically, accurately, and compre-
hensively obtain mineral species, composition, structure, and
diagenesis information has become one of the hot topics in
both the academia and industry. By scanning electron micros-
copy (SEM) and energy dispersive spectroscopy (EDS), a new
method of qualitative mineral identification and quantitative
measurement is established. Typical tight sandstone reservoir
rock samples in the Ordos Basin are selected; through the ele-
ment surface scanning image of “mineral element composi-
tion” and “pixel element combination,” mineral types are
distinguished, and mineral parameters such as types, charac-
teristics, and content are rapidly and accurately determined.
Meanwhile, such results achieved via the new method are
compared with those of conventional XRD and TIMA
methods. The results show that the new method exhibits sev-
eral advantages: cost advantages compared to XRD experi-
ment analysis technology and TIMA system and ability to
analyze low-content minerals which XRD techniques are hard
to identify; it allows quantitative characterization on the phe-
nomenon of mineral miscibility, which is of great significance
to explore the mineral diagenetic evolution.

This paper proposes a new method for quantitative min-
eral deification, namely, the “EDS method.” The main con-
clusions are as follows:

(1) A new method of qualitative mineral identification
and quantitative measurement is established. This
method employs the element surface scanning image

of “mineral element composition” and “pixel ele-
ment combination” to distinguish mineral types
and determine mineral parameters such as types,
characteristics, and content

(2) This method is applied to analyze the samples from
the 6th layer of Triassic Yanchang Formation, Ordos
Basin. The results show that skeleton minerals
(quartz, albite, and potassium feldspar) dominate
the study area, accounting for 66.01%. It also con-
tains a lot of carbonate minerals (calcite and dolo-
mite), accounting for 19.5%. The proportion of clay
minerals is 10.59%, with chlorite and montmorillon-
ite as the main minerals and kaolinite and illite as the
second. The porosity is 3.78%, which is significantly
lower than the results of physical property test, indi-
cating that the development of clay minerals in this
area played an important role in the formation of
reservoir stratified pores

(3) The comparison of the “EDS method” with other
methods shows that the results of the new EDS
method are consistent with XRD, but there is a certain
degree of deviation from the identification results of
TIMA. This mainly resulted from the difference
between the laboratory standard energy spectrum
database established by TIMA and the actual sample.
The “EDS method” is a mineral analysis method spe-
cially designed for reservoir rocks in the field of petro-
leum geology. Compared with XRD experimental
analysis and TIMA system, the EDS method has obvi-
ous cost advantages and can better serve the process of
petroleum exploration and development, suggesting
potential stronger practical application value

Data Availability

The data is privileged information, not to be shared with the
general public.
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