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Abstract: Acquiring accurate visible and near-infrared (VisNIR) 
reflectance values of atmosphereless celestial bodies is very important in 
inferring the physical and geological properties of their surficial materials. 
When a calibration target with inherent non-trivial absorption features is 
used, the calibrated reflectance would essentially always contain spurious 
spectral features and the spectroscopic data may easily be misinterpreted if 
the artifact is not properly taken care of. We demonstrate with laboratory 
reflectance measurements that the VisNIR spectra of three typical planetary 
surface analog materials, lunar simulant JSC-1A, olivine and pyroxene 
grains, have an artificial peak at 2.1 µm when Spectralon-type plaque made 
of polytetrafluoroethylene is used as the calibration target in the NIR 
region. The degree of severity of this artifact is dependent on the strength of 
the 2.0 µm absorption feature of the mineral. Empirical methods are 
proposed to remove this artifact to bring the spectra close to that calibrated 
by a gold mirror which does not have any conspicuous absorption features 
in the NIR region. The correction methods may be applied to reflectance 
data acquired by the VisNIR imaging spectrometer onboard the Yutu Rover 
of the Chinese Chang’E 3 lunar mission which employed an onboard 
Spectralon-type calibration target. 

©2014 Optical Society of America 

OCIS codes: (120.0280) Remote sensing and sensors; (290.5850) Scattering, particles; 
(300.6340) Spectroscopy, infrared; (300.6170) Spectra; (300.6300) Spectroscopy, Fourier 
Transforms. 
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1. Introduction 

To accurately extract the surficial mineralogical, compositional and physical information of 
atmosphereless celestial bodies using visible and near-infrared (VisNIR) reflectance 
spectroscopy in space missions, space-borne and in situ spectrometers should be rigorously 
calibrated to obtain the reliable reflectance of the surface materials (e.g., [1–4]). For example, 
the band-depth, band-position and relative intensities of the electronic transition bands around 
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1 µm and 2 µm appearing in reflectance spectra of olivine and pyroxene, two of the most 
common minerals found on lunar and asteroidal surfaces, have been found to strongly depend 
on their mineral morphologies, chemical compositions and particle size distributions [5–7]. 
As a result, the geological and mineralogical information retrieved is critically dependent on 
the accuracy of the reflectance values measured. Despite of the rapid increase of sensor 
numbers in the space exploration era, reflectance calibration remains a difficult task as the 
spectral, radiometric and photometric properties of the calibration targets must be very well 
understood and must remain stable to provide long-term reliability of the spectra taken during 
the mission. Any imperfections or spurious spectral features of the calibration target itself 
should be well compensated during the calibration process or spurious spectral features of the 
measured sample may result [8]. 

Reflectance spectra measured by most space mission sensors are bi-directional reflectance 
r in nature, 

 ,
I

r
F

=  (1) 

where I is the sensor-measured radiance reflected by planetary surface under study and F is 
the solar irradiance reaching the surface [9,10]. In many practices, however, F is not directly 
measured and the sample reflectance rs is obtained by ratioing I from the sample (Is) to that 
from a calibration target (Ic) with near-Lambertian behavior and known reflectance values (rc) 
within the spectral range of interest, 

 ,s
s c s c

c

I
r r R r

I
= ≡  (2) 

where Rs is the relative reflectance of the sample to the calibration target measured under the 
same illumination and viewing geometries as rc. 

Two NIST-traceable and commercially available calibration targets manufactured by 
Labsphere Corp. (North Sutton, NH), Spectralon  plaque and InfraGold plate, are the most 
extensively used reflectance standards in remote sensing applications [11–16]. Spectralon is a 
sintered polytetrafluoroethylene (PTFE) plaque and InfraGold is a rough metal plate with 
gold coating. The different materials that make up the reflectance standards make them 
suitable in different spectral ranges and different environments. For example, InfraGold plate 
was chosen as the calibration target over Spectralon in the Near-Infrared Spectrometer (NIS) 
onboard the Near Earth Asteroid Rendezvous (NEAR) spacecraft for its resistance to solar 
irradiation damages [17] to ensure the long-term stability of measured spectra (0.8-2.7 µm) 
[2,3]. The Moon Mineralogy Mapper imaging spectrometer onboard the Chandrayaan-1 
spacecraft, on the other hand, used a Spectralon plaque in spectral range 0.4-1.7 µm and an 
InfraGold plate in 1.7-3.0 µm, respectively [12]. The most recent lunar exploration mission, 
Chinese Chang’E-3, which had its lander successfully landed on the Moon on December 15, 
2013 and deployed a lunar rover Yutu to roam in the Mare Imbrium region, had an imaging 
spectrometer (0.45-2.4 µm) with a Spectralon-type calibration target made of PTFE onboard 
the rover [18] and performed the first in situ optical spectroscopic measurement of the Moon 
[19]. 

Because some widely used calibration targets such as Spectralon and Halon (see Section 2 
below) have reflectance values very close to 1 in the VisNIR, often times the quantity Rs is 
also dubbed as “reflectance” especially in comparative studies. For example, the pre-flight 
calibration of the NIS onboard the NEAR spacecraft performed measurements on many types 
of minerals relative to a Halon standard and the data are presented in terms of “reflectance” 
(e.g., see Fig. 38 in [2]) to be compared with earlier reflectance data calibrated by Halon. 
However, if the calibration target contains absorption features that are not calibrated out, rs 
and Rs are not interchangeable over the wavelengths of the absorption. 

In this paper, we use both a Spectralon plaque and a gold mirror as reflectance targets (or 
backgrounds) to obtain the reflectance spectra of three common planetary surface analog 
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materials: lunar simulant JSC-1A, olivine and pyroxene grains. We demonstrate that the 
absorption feature at 2.14 µm of the Spectralon plaque incurs spurious spectral features with 
varying degrees of severity in sample spectra calibrated by Spectralon plaque in the NIR 
region. Empirical correction procedures are proposed to remove this artifact to bring the 
spectra close to that recorded with a gold mirror in the same spectral region. 

2. The absorption feature of Spectralon at 2.14 µm 

We first notice that laboratory reflectance (Rs) spectra of pure olivine grains obtained using 
Labsphere Spectralon material as the calibration target show a peak at 2.1 µm (see, e.g., Figs. 
4 and 5 in [20]). Since olivine ((Mg/Fe)2SiO4) is one of the dominant rock-forming minerals 
of atmosphereless celestial bodies such as the Moon and many asteroids, the reflectance 
spectra of olivine particles with varying chemical compositions (Mg/(Mg + Fe) values), 
impurities, morphologies and particle size distributions (from microns to bulk) are very well 
documented and a peak at 2.1 µm is rarely seen in well-calibrated reflectance (e.g., [1,3,4,6] 
[7,10,21]). Moreover, if calibrated using a Spectralon (-type) plaque in this spectral region, 
essentially all types of minerals measured have shown such a peak (see e.g., Figs. 6 and 7 in 
[19]; Fig. 1 in [22]; and many others). The appearance of a 2.1 µm peak would easily confuse 
and complicate mineral identifications as it apparently splits an otherwise flat 1.6-2.4 µm 
region into two separate dips which could be easily misinterpreted as a mixture of 
clinopyroxene (with an absorption at ~2.2-2.3 µm) and orthopyroxene (with an absorption at 
~1.9 µm). Of course these apparent bands could also be misinterpreted to other origins such 
as aqueous alteration of the olivine grains [20]. 

This spectral artifact can be qualitatively understood by looking at the spectral properties 
of the Spectralon plaque in the visible and NIR regions. In Fig. 1, we plot the 8°-
hemispherical reflectance (8°-HR) of a Spectralon plaque with 99% nominal reflectance 
provided by Labsphere (Reflectance Standard SRS-99-020, Serial # 7A15A-1426) in the 
spectral range of 0.4-2.5 µm. For most regions in the visible, the reflectance remains at 99%. 
Longer than 1.8 µm or so, the reflectance starts to drop below 98% and reaches a “local 
minimum” value of 94% at 2.14 µm. This absorption feature (a dip of ~5%) must have caused 
the spurious peak located at 2.1 µm of the sample Rs spectra when radiance of the sample is 
ratioed by radiance from the plaque during the calibration process. Indeed, the peaks at 2.1 
µm in reflectance spectra of some mineral grains (see Section 4) have similar features of the 
2.1 µm absorption dip of the Spectralon plaque: the slope is steeper at long wavelength side 
and less steep in the short wavelength side. Halon, a once popular “white” reflectance target 
(also made of PTFE) which began to become obsolete in the late 1990’s, has a similar 
absorption feature near 2.1 µm [23]. For comparison purposes, reflectance data of InfraGold 
from two different sources [24,25], both provided by Labsphere, are also plotted in Fig. 1. 
The theoretical gold reflection for the configuration of the EasiDiff device used in this study 
(see Sections 3 and 4) is also shown. Obviously in the NIR region above 1 µm the gold 
reflectance is smoother than that of Spectralon. 

3. Laboratory measurements 

To further understand the plaque absorption effects and devise a possible fix, we carried out 
reflectance measurements on powders of lunar simulant JSC-1A, olivine and pyroxene grains. 
The JSC-1A was purchased from OrbiTech and its most grains are much smaller than 1 mm. 
Olivines and pyroxenes are nearly pure minerals collected from Hebei Province, China and 
were ground and sieved into particle sizes from 0 to 45 µm. These samples were chosen not 
only because they are among the most typical planetary surface analogs, but also for their 
various strengths of the 2.0 µm absorption feature so we may evaluate the impact of the 
Spectralon 2.14 µm absorption. Measurements were carried out on a Bruker Optics Vertex 70 
Fourier transform infrared (FTIR) spectrometer with an aluminum mirror system to enhance 
the throughput in the VisNIR region. To measure the reflectance of the powdery surfaces, 
EasiDiff reflectance accessories from Pike Technologies were used. The EasiDiff measures 
the biconical reflectance at incident zenith angles range from 30 to 65°, the same angular 
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spans of the viewing zenith and a viewing azimuth of 180°. Although the spectral region of 
interest of this study is 0.5-2.4 µm, the typical region of VisNIR remote sensing of 
atmosphereless solar system bodies, we performed measurements in 3 overlapping spectral 
ranges: 0.5-1.1 µm, 0.83-2.85 µm and 1.33-38 µm to double-check the quality of the spectra 
obtained. The light sources, beamsplitters, detectors and diffuse accessories for these 3 
overlapping spectral ranges from visible to mid-infrared (MIR) are listed in Table 1. To 
record spectra using Spectralon as the background signal, a circular portion of the plaque was 
carefully cut out of the original 2-inch diameter piece (SRS-99-020, serial #7A15A-1426) to 
fit into the sample holder inside the EasiDiff accessory. Great care was taken to make sure 
that the surface was not contaminated or damaged during the machining process. Because an 
InfraGold plate is difficult to be modified to fit into our diffuse reflectance accessory, a gold 
mirror with nominal 97% reflectance that can be fitted into the EasiDiff sample cup slide, 
provided by Pike Technologies along with other parts that came with the EasiDiff device, was 
used to compare with the Spectralon. It is noted that a gold mirror or thin gold film is widely 
used in measuring relative reflectance in spectroscopic studies of granular materials (e.g 
[26].). Sample cups and calibration targets are shown in Fig. 2. With a sample layer thickness 
of 3 mm, radiative transfer computations [27–29] show that for the wavelength spans in this 
study these particulate layers have optical thickness values large enough to have their 
reflectance not affected by any substrate retro-reflections. All measured data presented here 

 

Fig. 1. Visible and near-infrared reflectance values of Labsphere Spectralon (red), InfraGold 
(yellow and green) and a theoretical gold reflection curve (blue, see Section 4). The two data 
sets for InfraGold materials, InfraGold 1 and InfraGold 2, are taken from [23] and [24], 
respectively. 

are reflectance relative to Spectralon with nominal 99% reflectance, or Rs in Eq. (2), except 
indicated individually. 

Figure 3 displays the original VisNIR spectra of pyroxene grains (0-45 μm) obtained 
using Spectralon plaque as the calibration target. It is seen from this plot that the differences 
between spectra taken using different accessories (Table 1) within the overlapping regions are 
within a few percent and the spectral shapes can match each other very well. Although in 
principle the more accurate absolute reflectance factors at three visible wavelengths, 0.473, 
0.532 and 0.633 μm, can be obtained by using our custom-built goniometric bi-directional 
reflectance system [30] and used to calibrate all spectra, this work concentrates on the 
possible spurious spectral features incurred by calibration target absorption and thus the 
absolute reflectance value is not critically important, we simply scaled the NIR region to 
connect to the visible. For the case shown in Fig. 3, for example, the NIR curve (in green) 
was brought up by 2.3% to be connected with the VisNIR one (in blue). In this work the MIR 
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spectra were only used to cross-check the NIR data quality and thus are not shown in the rest 
part of this paper. 

 

Fig. 2. The background targets and 2 out of the 3 mineral samples used in this work mounted 
in Pike EasiDiff sample cup sliders: the smaller circular Spectralon cut from the original larger 
Spectralon plaque (SRS-99-020) (top left), Pike gold mirror (top right), olivine grains (0-45 
μm) (bottom left) and lunar simulant JSC-1A (bottom right). Photo taken by lead author of this 
work (Hao Zhang). 

Table 1. Accessories used to obtain the spectra of visible to mid-infrared spectral ranges. 

Spectral coverage Source Beamsplitter Detector EasiDiff 

 

VisNIR (0.5-1.1 µm) 
NIR Quartz Silicon diode Aluminum 

NIR (0.83-2.85 µm) 
NIR Quartz InGaAs diode Aluminum 

MIR (1.33-38 µm) 
GloBar KBr LaDTGS Gold 

Typical reflectance spectra from 0.5 to 2.4 μm for 3 powdery samples are shown in Fig. 4. 
Because FT-IR technique is less efficient in the shorter wavelength region as compared to the 
long wavelength region, spectra below 0.7 μm are noisy. The spike at 0.63 μm was caused by 
the He-Ne laser used to perform the alignment in the Vertex-70 system. Other than these two 
regions, the spectra have very high signal-to-noise ratios as each spectrum was obtained by 
averaging 1000 scans. 

4. Discussions 

Two of the three spectra in Fig. 4 (JSC-1A in Fig. 4(a) and Olivine in Fig. 4(b)) show a 
conspicuous asymmetric peak (“hump”), starting from ~1.9 μm, ending at ~2.2 μm and 
centered at 2.14 μm with similar but complimentary spectral features as the 2.14 μm 
absorption dip in the Spectralon reflectance spectra shown in Fig. 1: both the humps and the 
dip have a more gradual slope in the short wavelength side (1.9-2.14 μm) and are steeper in 
the long wavelength side (2.14-2.2 μm) of the peak (compare Figs. 4 and 5 in [20] and Figs. 6 
and 7 in [19] with this work’s Fig. 4(b)). The Pyroxene spectrum (Fig. 4(c)), although does 
not show such a conspicuous asymmetric peak, does have a shoulder-like structure at 2.14 
μm. Later we will show that this is also the spurious feature caused by Spectralon’s 2.14 μm 
absorption, though this artifact is diminished somehow for pyroxene (see Section 4). 
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Fig. 3. Original reflectance spectra Rs of pyroxene grains (0-45μm), relative to a Spectralon 
plaque with 99% nominal reflectance, taken at 3 overlapping spectral ranges. Accessories used 
for each spectral range are listed in Table 1. 

As the quantity Rs presented in Fig. 4 contains the spurious 2.1 μm peak and the absolute 
reflectance of target rc (Fig. 1) contains the 2.1 μm dip, it would be interesting to see if this 
artifact could be cancelled out in sample absolute reflectance rs through Eq. (2). Note the 
absolute reflectance of Spectralon shown in Fig. 1 is the 8°-HR and the biconical reflectance 
measured under the EasiDiff geometry should be closer to a 47°-incidence and 47°-viewing 
bidirectional reflectance. These two quantities should have different reflectance values and 
band depths because of the directional effects of the Spectralon especially under oblique 
incidences (e.g [28].). Because few goniometers can accurately measure the absolute bi-
directional reflectance above 1.5 μm and thus the real rc data containing the 2.1 μm peak 
under the EasiDiff geometry are not available. Nevertheless, we attempted the following 
empirical corrections in an attempt to remove the 2.1 μm feature in reflectance spectra. 

Method 1. We simply multiplied the sample Rs spectra by the 8°-HR of the Spectralon 
plaque (as shown in Fig. 1), rc, to obtain the sample reflectance rs as given by Eq. (1). 
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Fig. 4. Reflectance spectra Rs of (a) lunar simulant JSC-1A, (b) olivine grains (0-45 μm) and 
(c) pyroxene grains (0-45 μm). Reflectance values are relative to a Spectralon plaque with 99% 
nominal reflectance. 

Method 2. Same as Method 1, but the sample reflectance rs was obtained by multiplying 
Rs by the Spectralon reflectance _Spectralon gold

cr  evaluated under the EasiDiff geometry as 

follows. The relative reflectance of the Spectralon to the Pike gold mirror, _Spectralon gold
cr , was 

measured on the EasiDiff. Since the mirror exhibited a much stronger specular peak than the 
Spectralon, this relative reflectance has very low values. Using the widely available data of 
the real and imaginary refractive indices of gold (Au) (e.g., [31]), the average of the 
theoretical gold Fresnel reflections from 30° to 65° incidences (corresponding to the EasiDiff 
configuration) at 1° step was evaluated and shown in Fig. 1 (blue curve). The 
quantity _Spectralon gold

cr was then multiplied by this Fresnel correction factor in the study spectral 
range. In principle, if the averaged Fresnel correction factor is the true absolute reflectance of 
the gold mirror under the EasiDiff configuration, the corrected _Spectralon gold

cr  would be the 
absolute Spectralon reflectance under the EasiDiff configuration. In reality, however, the 
mirror has a diffuse component and the true reflectance value is different from the theoretical 
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curve. Hence the quantity _Spectralon gold
cr  was scaled to have the same 2.14 μm absorption 

center value of the 8°-HR and is shown in Fig. 5 (orange circles). 
Method 3. The sample relative reflectance Rs is corrected to remove the 2.1 μm feature. 

First Rs is divided by the 8°-HR with the 2.1 μm dip removed, or smooth
cr , then multiplied by 

the original 8°-HR rc to obtain the corrected relative reflectance corr
sR , 

 .corr s
s csmooth

c

R
R r

r
= •  (3) 

Specifically, we first removed the reflectance values between 1.98 and 2.2 μm in Spectralon 
8°-HR where reflectance values drop down significantly due to the 2.14 μm absorption, as 
shown in Fig. 5. Then a 4th-order polynomial was fit to the 8°-HR between 1.94 and 2.4 μm 
and the fitting results between 1.98 and 2.2 μm were used to replace the removed data. The 
interval of the data points being removed before fitting [1.98, 2.2μm], the order of the 
polynomial (4th) and the fitting interval [1.94, 2.4 μm] were found on a trial and error basis to 
yield a reasonably shaped baseline of the 2.14 μm dip, a smooth connection of the fitted data 
points at 1.98 and 2.2 μm and at the same time a corr

sR  spectrum that is not too much “over-

corrected” (see discussions on Fig. 6 below). The quantity smooth
cr  used in Eq. (3) was 

obtained by combining the dip-removed 8°-HR (blue trace in Fig. 5) and the fitted 8°-HR (red 
trace in Fig. 5), as shown in Fig. 5. 

 

Fig. 5. Original Spectralon 8°-hemispherical reflectance cr with the 2.14 μm absorption dip 

(green) removed (blue), the 4th-order polynomial fit to the dip-removed area (red) and the 
scaled relative reflectance of Spectralon to gold mirror measured on EasiDiff 

(
_Spectralon gold

cr in blue). The blue and red data were pieced together to form the 

quantity
smooth

cr  used in Eq. (3). 

Method 4. This approach performs curve fitting to sample spectra without dealing with 
the calibration target spectra. Specifically, we first removed the sample reflectance values 
between 1.95 and 2.23 μm where the spurious 2.1 μm peak dominates, forming a gap in 
between, then fitted reflectance between 1.6 and 2.4 μm (1.6 to 2.3 μm for pyroxene grains as 
this sample has an absorption structure at 2.32 μm) using a 5-term polynomial. The fitted data 
between 1.95 and 2.23 μm were then used to fill the gap, producing the smooth sample 
spectra. 
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Figure 6 displays comparisons of the original mineral spectra taken with the Spectralon 
(Rs in red), the above 4 method corrected spectra (either Rs or rs) and the spectra recorded 
using gold mirror as background (Rs in orange) for all 3 minerals measured. We only plot the 
NIR region above 0.9 μm to compare the results because gold reflectance decreases sharply 
below 0.8 μm, as shown in Fig. 1. We scaled the spectra corrected by Method 2 (purples in 
Fig. 6) and that recorded with the gold mirror (Rs in orange) by constants to better compare 
with other spectra for a number of reasons. First, these two quantities are unlikely to be the 
true reflectance values because the gold mirror has a strong specular reflection component 
which resulted much lower reflectance values as compared with that taken with the Spectrlon. 
Second, the Pike gold mirror used here is not a NIST-traceable calibration target and thus the 
resultant spectra do not have any meaningful absolute values. Third, the main purpose of 
using the gold mirror as reflectance background here is to show that the gold mirror calibrated 
spectra do not have any spurious features near 2.1 μm, in contrast to that recorded with the 
Spectralon. Subwindows show the details around the 2.1 μm region. Obviously one can see 
from Fig. 6 that the Rs spectra of all 3 samples taken with the gold mirror are all free of the 
2.1 μm artifact appearing in every spectrum calibrated with the Spectralon. 

The spectra corrected by Method 1 (curves in light blue in Fig. 6) decreases quicker above 
1.5 μm than the Rs spectra as the Spectralon has a declining absolute reflectance in that 
region. After multiplying the Spectralon reflectance with the 2.1 μm dip, the artifact 
transformed into a dip from a peak. It is very likely that the 8°-HR (with a near-normal 
incidence) has a deeper band-depth than reflectance taken using the EasiDiff device which 
has a much more oblique incidence. For Method 2, when the relative reflectance of 
Spectralon over gold is multiplied by the sample Rs spectra over Spectralon, the resultant 
spectra (the purple curves in Fig. 6) are nearly identical to the sample spectra recorded with 
the gold mirror except for a scaling constant. This is not a surprise because of the algebra 
relationship in deriving the spectra. Spectra corrected by Method 3 yielded nearly identical 
results with Method 4 except for olivine grains which suffered a “over-correction” with an 
obvious dip produced at 2.1 μm (Fig. 6(b)) (~1% maximum difference at 2.1 μm). Although 
Method 4 produced the most smooth spectra that are comparable to spectra recorded with the 
gold mirror for all 3 spectra, real planetary mission data are much more scattered than the 
smooth laboratory data presented here and thus Method 4 might not work well all the time. A 
correction method that removes the spurious feature reasonably well and at the same time 
distort the raw data as little as possible should be found and used to analyze the field data. 

It is interesting to note that for pyroxene spectra shown in Fig. 6(c), although the 
comparison of the gold mirror calibrated spectrum (in orange) and the Spectralon calibrated 
spectrum (in red) unambiguously identifies that the shoulder-like structure at 2.1 μm comes 
from Spectralon absorption, this peak is minimal among the three samples, possibly because 
the 2.1 μm Spectralon absorption (~5%) is overshadowed by the much more stronger 2.0 μm 
pyroxene absorption (~20%) and thus the artifact is greatly reduced in magnitude. For 
planetary missions that employed a Spectralon-type calibration plaque for the NIR region like 
Chang’E 3′s VisNIR spectrometer, a detailed study on the impact of plaque’s 2.1 μm feature 
on various sample information retrievals would be necessary. 

Finally, we notice that in addition to the 2.14 μm absorption of the Spectralon, the 
continuum drop of its reflectance toward the longer wavelengths could also potentially distort 
reflectance features. However, this drop has a much gentle gradient as compared with the 2.1 
μm sharp feature and thus its role in potentially confusing mineral identifications should be 
minimal. Furthermore, because of the presence of space weathering effects, most 
atmosphereless planetary surface spectra are “reddened” (increased reflectance with 
increasing wavelength) and exhibit a much steeper sloped feature. For this reason, to compare 
with laboratory measurements or spectral library data, some continuum removal procedures 
need to be applied to measured planetary spectra. As a result, the effects of continuum drop of 
the calibration target are largely removed, but not the artifact incurred by the 2.1 micron 
absorption feature. 
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Fig. 6. Comparisons of the original spectra obtained using Spectralon and gold as background 
targets (red and orange) and the spectra corrected by the 4 methods described in text in the 
NIR region for (a) JSC-1A, (b) olivine grains and (c) pyroxene grains. The 2.1 μm region for 
each sample is magnified and shown in subwindows. 

5. Conclusions 

Although the possible spurious feature at 2.14 μm incurred by using a Spectralon-type 
calibration target in the near-infrared was pointed out by R. Clark and colleagues ([8,23]) and 
others as early as more than 20 years ago, it seems that reflectance spectra containing this 
artifact floating around in the literature have not diminished substantially. By performing 
reflectance measurements of 3 common planetary surface analog materials with differing 2 
μm intrinsic absorption strengths, using both the Spectralon plaque and a gold mirror as the 
calibration targets, we demonstrated unequivocally that the use of Spectralon (PTFE) in 
calibrating NIR spectra can produce a spurious peak at 2.1 μm, caused by the absorption 
feature of the Spectralon (PTFE) at 2.14 μm. The severity of this artifact in the spectra is 
dependent on the absorption strength of the 2 μm peak of the mineral itself. An intrinsically 
very strong 2 μm absorption peak present in the mineral itself could minimize this artifact but 
for minerals lacking any 2 μm features this artifact is significant and may easily cause 
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confusions in mineral identifications. By performing 4 empirical corrections this artifact 
could be reduced to a lower level but except for Method 4 (fitting sample spectra), all 3 more 
or less have produced a dip at 2.1 μm (over-correction). The results presented here should 
caution researchers, both in laboratory measurement and payload development, that 
calibration targets with conspicuous absorption features should be avoided or carefully taken 
care of before doing data interpretations, or erroneous conclusions may result. The correction 
methods (except for Method 2 which requires additional measurements) will be used and 
evaluated in our analysis of the VisNIR spectra taken with the in situ VisNIR imaging 
spectrometer onboard the Chinese Chang’E 3′s Yutu Rover which carried a Spectralon-type 
plaque (PTFE) as the onboard calibration target in the NIR spectral region. 
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