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Introduction:  Raman signals from various materials 
are several orders of magnitude weaker than the photo-
luminescence signal. Hence, it is difficult to obtain 
good quality Raman spectra of luminescent materials. 
In this abstract, we present remote Raman detection of 
highly luminescent minerals and rocks from a distance 
of 10 m with all room lights turned on. Luminescence 
consists of both fluorescence (shorter life time) and 
phosphorescence (longer life time) signals. Since Ra-
man signals are spontaneous, it is mostly the presence 
of biofluorescence that interferes with Raman detec-
tion. Biofluorescence has a short life time of nano-
seconds and is normally observed in the time-resolved 
Raman system. The phosphorescence signal from min-
erals usually has a significantly longer life time (from 
several micro-seconds to milliseconds) and can be ef-
fectively removed from Raman signals using fast gated 
detectors. The conventional Raman system, using non-
gated detectors, does suffer from large mineral phos-
phorescence signal. [1-9] 

Methods and Instrumentation:  Raman spectra of 
four highly luminescent minerals from Ward’s Fluo-
rescent Mineral Education Kit were acquired: man-
ganocalcite (Casapalca, Peru), fluorite (Red Cloud 
Mine, La Paz County, AZ), spharelite (Hot Springs, 
NC), and sodalite (Mt. Saint Hilaire, Quebec, Canada). 
Solid rock samples were measured as provided without 
cutting or polishing. Remote Raman spectra were 
measured in the gated mode with room lights on from 
a distance of 10 m. For comparison, non-gated Raman 
spectra were measured using continuous mode and by 
turning all room lights off. For Raman measurements a 
volume phase holographic (VPH) grating from Kaiser 
Optical Systems was used to cover the entire Raman 
range (90 cm-1 to 4500 cm-1) with resolution of 10 cm-

1. Fluorescence spectra were acquired using a low reso-
lution fluorescence grating covering the spectral range 
from 380-813 nm and a resolution of 1 nm.  
 For Raman measurements, a 532 nm pulsed 
laser (10 mJ/pulse, 10 ns pulse width) was used with a 
laser repetition rate of 15 Hz. Details of the remote 
Raman system has been described in Acosta-Maeda et 
al., 2016. [10] Remote luminescence spectra were 
measured from a 10 m distance in the dark using con-
tinuous mode operation and using a 355 nm laser for 
excitation at 10 Hz repetition rate.  

Photoluminescence images of the minerals were 
taken with a CMOS color camera using 355 nm laser 
excitation.  

Results and Discussion:  Figure 1 shows lumines-
cent images of the minerals.  The images show lumi-
nescent colors using a 355 nm laser for excitation.  
Blue, yellow, orange, pink, and white emission is ob-
served and also correlates with the fluorescence spectra 
in Figure 2.  

 

 
Figure 1: Luminescence images of mineral samples 
manganocalcite, sodalite, spharelite, and fluorite with 
355 nm laser excitation. 

 
 
Figure 2: Luminescence spectra of manganocalcite, 
sodalite, spharelite, and fluorite from Red Cloud Mine 
using 355 nm excitation over a one sec integration 
using 10 mJ/pulse laser energy. 
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Figure 3: Manganocalcite 

 
 

Figure 4: Spharelite 

 
 

Figure 5: Sodalite 

 
 

Figure 6: Fluorite (Red Cloud Mine, AZ) 

 
 
Figures 3-6: Remote Raman spectra of luminescent 
minerals using nano-second gating (in red) from 10 m 
distance. Non-gated spectra are shown in blue 
demonstrating the effect of luminescence signal from 
the minerals. 
 
 
 

Figures 3-6 show remote Raman spectra of lumi-
nescent minerals using gated mode (shown in red col-
or) with room lights on. For comparison, spectra are 
also shown using the continous mode by turning off 
the time-gating of the system and room lights (shown 
in blue color). 

Figure 3 demonstrates that it is difficult to measure 
Raman spectra of manganocalcite using a non-gated 
system. The spectra is dominated by strong lumines-
cence signal from the sample, particularly in the 600-
700 nm range. Figure 3 also shows that good quality 
Raman spectra of the same mineral with room lights on 
can be measured using the time-gated Raman system. 
Similarly, Figures 4 and 5 show that gated remote Ra-
man spectra of spharelite and sodalite are significantly 
better than non-gated spectra. Sodalite Raman peaks 
are observed along with microcline in the gated spec-
tra. Figure 6 shows gated remote Raman spectra of 
fluorite. Clear fluorite Raman peaks are observed 
along with Quartz inclusions in the Raman spectra. 
Non-gated continuous mode spectra are potential cause 
for confusion as the observed fluorescence bands mask 
the Raman signal and are narrow enough to appear to 
be Raman peaks. 

Conclusions: Good quality remote Raman spectra 
of highly luminescent rocks were measured with all 
room lights on. Mineral phosphorescence was easily 
minimized through time-gated spectral measurements 
of luminescent rocks fluorescing at various wavelength 
ranges between 400-800 nm. We demonstrate the effi-
cacy of a time-gated Raman system in addressing the 
challenges of Raman measurements in the presence of 
luminescence.  
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