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Design and application of core mineral spectrometer
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Core mineral spectrometer is one of the advanced and important tools for core digitalization, altered
mineral mapping, ore deposits exploring, and ore-searching in surrounding mine and beneficiation process.
In this letter, a new core mineral spectrometer (CMS 350) is designed and developed. The basic principle,
structural design, function module, key components, data acquisition, and processing methods of CMS 350
are introduced. In addition, some applications and results of CMS 350 in Zijin Mining are presented to
validate the performance of CMS 350.
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Mineralogic logging of drill core is very important for
the mining industries, because the spectral characteris-
tics of drill core are the first indicators of mineralization
potential[1−3]. The remote sensing and advanced spec-
troscopic techniques can provide more information on
the physico-chemical properties of the surface coverings
(including rock shape, type, mineral composition, and
chemical characteristics of the rock), and thus are help-
ful for the identification of latent bedrock, alteration
mineral assemblage and surface regolith characteristics,
and geological mapping[4]. It has been known that the
imaging spectrometers can measure the reflectance of
the Earth’s surface in hundreds of spectral bands[5,6].
Over the last 20 years, as the result of maturing hard-
ware technology and available specialized software, the
use of these data has expanded from only a few expert
users primarily for mapping alteration mineralogy[7,8].
Unfortunately, the supporting of the field spectrometer
has not kept pace with the development of the imaging
sensors and analysis capabilities. Portable spectrome-
ter has been available for a relatively long time outside
China, and well-known commercial products, such as
ASD FieldSpec, SVC HR1024, etc., have been widely
used in varieties of fileds. But in China, only recently
have portable high-spectral-resolution field spectrom-
eters become available, such as the portable infrared
mineral analyzer (PIMA)[9]. Analytical software has
also existed for a long time outside the country, such
as Tetracorder developed by USGS, MGM tool devel-
oped by Brown University, etc. Besides, the Spectral
Geologist, which is the first commercial software for core
spectral analysis developed by Commonwealth Scientific
and Industrial Research Organisation (CSIRO), Aus-
tralia, has been introduced to China. But domestically,

few analytical software packages have been developed for
qualitative or quantitative analysis of the field data[10,11].

For instance, the Mineral Mapping Technologies Group
of CSIRO in Australia has developed a rapid spectro-
scopic core and chip logging and imaging system since
2002, which is named as HyLogger core scanner[12]. This
system uses automated core tray handling, continuous
visible and infrared spectroscopy, and digital imaging, to
characterise and identify the dominant mineral species
on core, chips, and pulps, at spatial resolutions of ∼1 cm
(spectral data) and ∼0.1 mm (image data). And it can
log up to 1000 m of core per day and several thousand
metres of drill chips. Mineralogy is pre-interpreted using
specialised identification software trained on a selected
suite of minerals showing characteristic absorption fea-
tures within the measured spectral range[13−15]. There
are some applications in drill core using PIMA and Hy-
Logger mineral spectrometer[14,16−18], but on the other
hand, the spectral wavelength range of PIMA just covers
1300−2500 nm, and they are much more expensive and
inconvenient for use. Above all, in China there are still no
such spectrometers, and thus it is very important for the
geology industry development to develop a spectrometer
in China. This letter describes a core mineral spectrome-
ter (CMS 350) and approach for field spectroscopy using
hyperspectral image processing techniques that provide
an effective, quantitative measure for core composition,
mineral identification and mapping.

The 350−2500 and 8000−12000 nm spectral ranges are
usually used for mineral spectrum recognition. The ba-
sic principle of core mineral spectrum recognition is that
the bend, flexible, and electronic transition of chemical
bonds between atoms can absorb energy on some band
spectrum ranges, so that the obtained spectrum can be
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used for distinguishing different altered minerals[19]. Ac-
cording to the spectral characteristics of minerals, the
qualitative, quantitative analysis and alteration informa-
tion extraction can be conducted on minerals in rocks.
Thus the geological background, genesis of ore deposits
and original rock types can be revealed, and it can pro-
vide a data tool for core digitalization, geological studies
and geological prospecting. Figure 1 shows the spectrum
curves of some typical minerals.

The CMS 350 (Fig. 2) consists of core mobile plat-
form, the instrument bracket, spectrometers, cameras,
laser ranging, lighting, control electronics, and control
software modules.

The mobile platform (Fig. 3) includes the support
frame, X/Y movement axes, trays, motor, and drive
system. The instrument support frame has stability and
load-bearing more than 200 kg, and a corner adjustment
device to expediently adjust the level. X/Y movement
axes can be realized freely by movement in X/Y direc-
tion. Move accuracy should be more than 0.01 mm.
The effective moving distance in X and Y axes are 1250
and 900 mm, respectively; a square sliding rail and dust
guard are used in the X/Y movement axis, and it can
satisfy the needs of different sized core disk. For the
tray, because the length of the core plate is not more
than 1000 mm usually, and plus the 200 mm length of
the calibration auxiliary equipment, the total length of
the tray is generally 1200 mm, and the width is not
greater than 800 mm. It should be noted that the weight
of the core plate and the force bearing point of the X
axis need to be considered in the design process, so that

Fig. 1. Spectrum curves of some minerals.

Fig. 2. CMS 350.

Fig. 3. Core mobile platform.

the trays can be stabilized and accommodated to be
weight requirements of cores. As for the motor and drive
system, a stepper motor is usually selected due to its
simple driving and cheap price, but the disadvantage of
it is that the torque is reduced with speed accelerating,
which will affect the accuracy and efficiency during the
movement of core mineral. Here, a servo motor is used,
and it can overcome the shortcomings of the stepper mo-
tor.

The instrument bracket is a platform equipped with
measuring equipment. There are usually two design
methods, one is in stalling the measuring equipment
with mobile platform, and the other is the separation
design where the instrument bracket is separated from
the mobile platform and they will be assembled when
used (Fig. 4). The former one has a lower cost and a
lighter weight, but the weight of the core plate is too
heavy to produce vibration phenomenon, and it will af-
fect the data quality. For the latter one, although the
weight and cost are increased, the motion will not pro-
duce vibrations because of the separate modular designs,
while convenient for handling and transport.

The spectrometer is designed and developed by Nan-
jing Zhongdi Instrument Co., Ltd, named as CSD350A
full spectral feature spectrometer. In this spectrometer
three linear CCDs and fiber-optic transmission tech-
nique are used. The fiber-optic transmission technique
uses three mosaic linear CCD array detectors. The in-
strument structure is shown in Fig. 5.

The spectrometer is composed of a probe, an opti-
cal fiber connector, and three separate spectrometers.
Since the spectral wavelength range is 350−2500 nm,
the sensor detection performance is divided into three
bands splicing, among which the wavelength ranges of
spectrometer I, II, and III are 350−900, 900−1700, and
1700−2500 nm, respectively.

The probe consists of a light source and the optical
fiber connectors, using two 12 W halogen illumination
lights for focusing on the core. The focal spot diameter
is 10 mm. In order to reduce the astigmatism light which
affects the quality of the data, the reflected light inlet is
designed less than 8 mm, and as close as possible to the
irradiated core focal spot. The structure of the probe is
shown in Fig. 6.

The light source uses tungsten halogen. Light hits on
the core surface after convergence. Uneven surface of
the core generates diffuse reflectance, then the diffuse
light enters into the fiber tip and is transmitted to the
spectrometer by the optical fiber.
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Fig. 4. Instrument bracket.

Fig. 5. Instrument structure.

Fig. 6. Probe structure.

Fig. 7. Spectrometer structure.

 

Fig. 8. Spectrometer control.

The fiber uses quartz fiber to reduce the energy loss in
the transmission process of shortwave infrared. The fiber
consists of 32 bars of 0.2 mm in diameter, and the con-
necting portion is in combination with the probe. The
spectrometer connection portion is divided into three
ways, and each has 12 bars. All of the fibers are com-
bined into one row, making up a 0.2 mm slit and enter
into the spectrometer respectively.

The spectrometer uses concave flat field grating for
light splitting and CCD linear array detector for recep-
tion. The structure of the spectrometer is shown in Fig.
7.

As shown in Fig. 7, the diffuse light reflected by the
core passes through the fiber and enters into the fiber
entrance. Then the light goes into concave grating for
splitting after reflected by the mirror. After splitting,
the single spectrum is received by the detector. Concave
grating has different parameters according to the differ-
ent bands, but the overall structure has not changed.

The spectrometer control consists of detector driver,
signal amplification, A/D converter, DSP control, and
microcontroller, among which the DSP controls the
three-way detector drive and signal acquisition. The ac-
quired data are transmitted into microcontroller, which
is connected with the computer via IP port and executes
related command. The structure of the spectrometer is
shown in Fig. 8.

The parameters of the spectrometer are as follows:
spectral range: 350−2500 nm; spectral resolution: full
spectrum is better than 7 nm; spectral wavelength re-
peatability: better than 1 nm; spectral measurement
speed: less than 20 times/s; SNR: better than 2500: 1;
power dissipation: 20 W, built-in lithium battery; in-
strument weight: less than 3.5 kg.

The SNR measurement method is: measuring the dark-
current of the spectrometer and the whiteboard by re-
garding the whiteboard as the object and measuring its
reflectivity. Calculating the mean square deviation of
reflectivity, the result is the SNR.

We use the industrial type camera and develop con-
trol software by ourselves. The camera has 1600×1200
pixels, hard trigger function, and 500 mm of the lens
focal length, and can take 30 frames per second. It
generally requires a resolution of the measured core in
0.1×0.1 (mm). Due to the amount of data photographs,
jpg format is used for storage, while pixels resolution
does not need to be high for application.

The lighting system is divided into two parts with one
being the spectrometer lighting. This lighting requires
high stability, but texture waves and drift are very small.
In addition, the power is supplied by switching power
and the high stability of the regulator circuit voltage,
the halogen light also needs the power. The other part
is the camera lighting, typically using the LED light.
But the experiments have shown that the LED light has
some effects on the spectral value, so we choose halogen
light here. For the halogen lighting system, the light
is nonuniform, and the halogen light should not be fo-
cused. The independent halogen lamp can be selected
and mounted in lampshade with the frosted glass so that
the light that shines on the core are uniform.

Electronics control unit includes six modules, as shown
in Fig. 9, which has a separate spectrometer and the
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camera’s internal electronics; the data is read through
an IP port, and the other controls are programmed by
the microcontroller for the target control, and then the
core scan action can be driven and the relevant parame-
ters can be obtained.

Software control unit is programmed strictly in accor-
dance with the modules as shown in Fig. 10. All the
modules are combined together to achieve a complete
measurement procedure.

This instrument is the first successfully developed core
spectrum of practical scanner in China. It has been ap-
plied in Zijin Mining, Fujian, and more than 25,000 m
cores are scanned. We will take drill DZK1202 (Zijin
Mining provided) as the example to validate the perfor-
mance of our proposed instrument. Figure 11 illustrates
the spectral curve of alunite, and Fig. 12 is the image of
core.

 

 

 

 

 

 

 

 

 

 

Fig. 9. Electronics control unit.

 

Fig. 10. Software control unit.

Fig. 11. Spectral curve of alunite.

Fig. 12. Image of core.

DZK1202 drilling mineral maps of Zijin Mining are
shown in Fig. 13, from which we can see that the distri-
bution of kaolinite, pyrophyllite, muscovite, and dickite
are consistent with the actual investigation. Figure 14
shows the extraction parameter results of alunite.

Alunite parameter information extracting selects
1760 nm absorption peak as the characteristic peak. Re-
moving the envelope line to calculate the absorption peak
height, the ratio of absorption peak height to 1910 nm
adsorbed water peak, the wavelength position of the ab-
sorption peak, the FWHM, and the symmetry of the
absorption peak, then you can obtain those parameters
in Fig. 14.

Three-dimensional mapping results of the alteration
minerals are shown in Fig. 15 by extracting the absorp-
tion peak position in 1480 nm of alunite and calculating
the wavelength shifting parameter. From the results we
can conclude that the gold ore is changed regularly with
the spectral parameters of alunite which has close re-
lations with copper mineralization in Purple Mountain,
and when near the volcanic, the 1480 nm absorption
peak of alunite will moves to long wavelengths.

According to Ref. [20], the changes in these param-
eters reflect that the chemical composition of alunite
varies with crystallization and gradual environmental
changes. It will be intrusions on the hydrothermal center
and the location of intrusive body; it is useful for the
deep exploration, and the final model will be further
improved with more scanned core data.

After years of exploratory research, this instrument
has achieved its target in core digitalization and core

Fig. 13. Minerals statistics.
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Fig. 14. Parameter results of alunite.

Fig. 15. Spatial distribution schematic of alunite for gold and
copper ore in Zijin mountain (provided by Zijin Mining)

minerals information extraction. It provides an impor-
tant means of measurements and completely changes
the traditional core catalog methods for core digital,
geological studies, genesis research, mining perimeter
prospecting, and mining process optimization. The ap-
plication and experimental results in Zijin Mining have
proved the reliability and data quality of the instrument,
and will promote more applications for this instrument.
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