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Overview 
Purpose: Raman imaging is a non-intrusive, non-destructive analytical technique well-
suited for characterization of geological samples. The purpose of this study is to 
explore the potential of Raman imaging for fast analysis of oil shale samples. In 
particular, we are interested in identification of microscopic minerals and in imaging 
thermal maturity of carbonaceous organic matter (kerogen). 

Methods:  Raman imaging was performed for thin sections of samples from Eagle 
Ford Shale (Texas) using Thermo Scientific DXRxi Raman Imaging Microscope. 

Results: Raman imaging not only revealed the presence and locations of different  
inorganic minerals (pyrite, marcasite, calcite and anatase) but also the presence of 
kerogen with different  thermal maturity in the shale samples. 

Introduction 
Oil shale is a fine grained sedimentary rock with considerable compositional variations 
that contains a solid mixture of organic chemical compounds called kerogen. Oil shale 
was formed from the organic debris millions of years ago. When heated by natural 
geothermal heat these shales produce liquid organic products by thermal 
decomposition. 

With the conventional oil resources being quickly depleted, there has recently been a 
great upsurge on the exploration and production of shale oils in the US and the around 
the world. One of the traditional methods for identifying shale oil deposits is vitrinite 
reflectance (or VR), which uses light reflectance as an indicator of thermal maturity in 
hydrocarbon source rocks.1 However, this technique has several disadvantages, 
including analysis being subject to human error, low or absent reflectance values in 
some of the oil shale deposits, etc.  

Raman microscopy can provide a method for measuring thermal maturity of the 
kerogen in oil shale, as the Full Width at Half Maximum (FWHM) values of the kerogen 
Raman G- band  are correlated with its thermal maturity:2,3 Increase in the thermal 
maturity increases structural order throughout the carbon network, thus decreasing the 
G band FWHM. 

In this study, we analyzed several oil shale samples from Eagle Ford Shale (Texas) 
with a the Thermo Scientific™ DXR™xi Raman imaging microscope, and 
demonstrated that Raman imaging identified, with high speed and accuracy, the 
presence of different minerals, including pyrite, calcium carbonate (calcite) and others. 
Knowledge of the presence or absence of these minerals in oil shale is essential for 
efficient oil extraction in drilling operations by the new technique of hydraulic fracturing 
(fracking). We also demonstrated that Raman imaging can be used for fast identifying 
thermal maturity of the kerogen in the oil shale.  

Methods  
Samples 

Thin sections of  oil shale samples from Eagle Ford Shale (Texas) were used for 
Raman imaging. 

Raman Microscopy Imaging  

The DXRxi Raman imaging microscope (Figure 1) with a 100x microscope objective 
(numerical aperture 0.90) was used to collect Raman images for selected regions of 
the shale samples. A 532 nm laser (with a 1.5 mW of power at the sample) with a full-
range grating (900 lines/mm) provided 50-3400 cm-1 spectral region. A 25 µm confocal 
pinhole aperture and 1 µm image pixel size were used to provide high spatial 
resolution Raman imaging.  

Data Analysis 

The Raman images were obtained using mainly the Correlation Profile option within the 
Thermo Scientific™ OMNIC™xi software of the DXRxi Raman imaging microscope. 
For imaging the thermal maturity of the kerogen, FWHM values of the G-band were 
used. 

Results  
Identification of Kerogen and Minerals with Raman Imaging 

Raman imaging analysis confirmed that most of the sample contains kerogen (Fig. 
2.B, red areas in the Raman image region) as revealed by the characteristic 
amorphous carbon Raman spectra with strong and broad D and G bands with peak 
maxima at ~1350 cm-1 and ~1600 cm-1, respectively (Fig. 3.B).  

Raman imaging also revealed, with high spatial resolution, the presence of several 
inorganic minerals, including pyrite, marcasite, anatase and calcite (Fig. 3.A). 
Occurrence of calcite shows that the oil and gas can be easily extracted from this 
deposit by fracking. When the oil shale contains reasonable amount of calcite (or 
dolomite), it is more prone to Acid Fracturing (Acidizing), in which an acid, such as 
HCl, is used to “etch” channels in the rock: HCl reacts with the calcite to produce 
CaCl2, water and CO2. This breakdown promotes fracture formation and the CO2 adds 
to the pressure of fluid in the fractures to help facilitate the extraction. 

Raman Imaging of Kerogen Thermal Maturity  

Raman thermal maturity images show that kerogen in the shale samples has largely 
similar thermal maturity (Fig. 4.A and Fig. 4.C, green areas). However, the 
carbonaceous materials in close proximity to the minerals, especially pyrites and 
marcasites, exhibited lower maturity (Fig. 4.A, red areas) than the surrounding regions. 
This is an interesting finding demonstrating special role of these minerals in kerogen 
maturity and consistent with a previous study,4 which demonstrated that pyrite acts as 
a catalytic agent for hydrocarbon generation from kerogen.  

 

FIGURE 1. Thermo Scientific DXRxi Raman imaging microscope 

Conclusion 
 Raman imaging, with the DXRxi Raman imaging microscope, has been 

successfully used for fast identification of minerals and kerogen in the oil shale 
samples. Presence of calcite, among other minerals, indicate that the shale is 
well-suited for fracking. 

 Raman thermal maturity images, plotted by the FWHM values of the G-band of 
kerogen, showed that although relatively uniform overall, the areas close to the 
minerals show lower maturity, indicating the special role of minerals for oil and 
gas formation.  

 As future research directions, we will be analyzing more shale samples from 
different regions to expand the applicability of Raman imaging in oil exploration.  

 

FIGURE 2. Video and Raman images of an oil shale sample analyzed in this 
study: (A) Video mosaic image showing the features of the oil shale sample. 
Shown in red  square is the area where Raman imaging was performed. (B) 
Superimposed view of video and Raman images, showing the kerogen in red. 
Collection parameters: 30 ms/spectrum, 30 scans. 
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FIGURE 3. (A) Raman images of the same region analyzed in the Figure 2, 
showing the locations for Pyrite, Marcasite, Calcite and Anatase. (B) 
Representative Raman  spectra for the minerals. Collection parameters: 30 
ms/spectrum, 30 scans. 

FIGURE 4. (A) Raman image showing the kerogen maturity differences in terms 
of G-band FWHM values. Red indicates higher FWHM value and lower maturity 
and Green indicates lower FWHM and higher maturity. The orange regions have 
intermediate value. The blue regions mostly contain minerals and lack kerogen. 
(B) Representative Raman spectra for the red, orange and green regions, 
showing the broadening the G-band from Green to Red. (C)  A different region 
showing the Raman maturity image super imposed to video image.   
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FIGURE 2. Video and Raman images of an oil shale sample analyzed in this 
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Superimposed view of video and Raman images, showing the kerogen in red. 
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FIGURE 3. (A) Raman images of the same region analyzed in the Figure 2, 
showing the locations for Pyrite, Marcasite, Calcite and Anatase. (B) 
Representative Raman  spectra for the minerals. Collection parameters: 30 
ms/spectrum, 30 scans. 

FIGURE 4. (A) Raman image showing the kerogen maturity differences in terms 
of G-band FWHM values. Red indicates higher FWHM value and lower maturity 
and Green indicates lower FWHM and higher maturity. The orange regions have 
intermediate value. The blue regions mostly contain minerals and lack kerogen. 
(B) Representative Raman spectra for the red, orange and green regions, 
showing the broadening the G-band from Green to Red. (C)  A different region 
showing the Raman maturity image super imposed to video image.   
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FIGURE 3. (A) Raman images of the same region analyzed in the Figure 2, 
showing the locations for Pyrite, Marcasite, Calcite and Anatase. (B) 
Representative Raman  spectra for the minerals. Collection parameters: 30 
ms/spectrum, 30 scans. 

FIGURE 4. (A) Raman image showing the kerogen maturity differences in terms 
of G-band FWHM values. Red indicates higher FWHM value and lower maturity 
and Green indicates lower FWHM and higher maturity. The orange regions have 
intermediate value. The blue regions mostly contain minerals and lack kerogen. 
(B) Representative Raman spectra for the red, orange and green regions, 
showing the broadening the G-band from Green to Red. (C)  A different region 
showing the Raman maturity image super imposed to video image.   
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HCl, is used to “etch” channels in the rock: HCl reacts with the calcite to produce 
CaCl2, water and CO2. This breakdown promotes fracture formation and the CO2 adds 
to the pressure of fluid in the fractures to help facilitate the extraction. 

Raman Imaging of Kerogen Thermal Maturity  

Raman thermal maturity images show that kerogen in the shale samples has largely 
similar thermal maturity (Fig. 4.A and Fig. 4.C, green areas). However, the 
carbonaceous materials in close proximity to the minerals, especially pyrites and 
marcasites, exhibited lower maturity (Fig. 4.A, red areas) than the surrounding regions. 
This is an interesting finding demonstrating special role of these minerals in kerogen 
maturity and consistent with a previous study,4 which demonstrated that pyrite acts as 
a catalytic agent for hydrocarbon generation from kerogen.  
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 Raman imaging, with the DXRxi Raman imaging microscope, has been 

successfully used for fast identification of minerals and kerogen in the oil shale 
samples. Presence of calcite, among other minerals, indicate that the shale is 
well-suited for fracking. 

 Raman thermal maturity images, plotted by the FWHM values of the G-band of 
kerogen, showed that although relatively uniform overall, the areas close to the 
minerals show lower maturity, indicating the special role of minerals for oil and 
gas formation.  

 As future research directions, we will be analyzing more shale samples from 
different regions to expand the applicability of Raman imaging in oil exploration.  

 

FIGURE 2. Video and Raman images of an oil shale sample analyzed in this 
study: (A) Video mosaic image showing the features of the oil shale sample. 
Shown in red  square is the area where Raman imaging was performed. (B) 
Superimposed view of video and Raman images, showing the kerogen in red. 
Collection parameters: 30 ms/spectrum, 30 scans. 
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FIGURE 3. (A) Raman images of the same region analyzed in the Figure 2, 
showing the locations for Pyrite, Marcasite, Calcite and Anatase. (B) 
Representative Raman  spectra for the minerals. Collection parameters: 30 
ms/spectrum, 30 scans. 

FIGURE 4. (A) Raman image showing the kerogen maturity differences in terms 
of G-band FWHM values. Red indicates higher FWHM value and lower maturity 
and Green indicates lower FWHM and higher maturity. The orange regions have 
intermediate value. The blue regions mostly contain minerals and lack kerogen. 
(B) Representative Raman spectra for the red, orange and green regions, 
showing the broadening the G-band from Green to Red. (C)  A different region 
showing the Raman maturity image super imposed to video image.   
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Overview 
Purpose: Raman imaging is a non-intrusive, non-destructive analytical technique well-
suited for characterization of geological samples. The purpose of this study is to 
explore the potential of Raman imaging for fast analysis of oil shale samples. In 
particular, we are interested in identification of microscopic minerals and in imaging 
thermal maturity of carbonaceous organic matter (kerogen). 

Methods:  Raman imaging was performed for thin sections of samples from Eagle 
Ford Shale (Texas) using Thermo Scientific DXRxi Raman Imaging Microscope. 

Results: Raman imaging not only revealed the presence and locations of different  
inorganic minerals (pyrite, marcasite, calcite and anatase) but also the presence of 
kerogen with different  thermal maturity in the shale samples. 

Introduction 
Oil shale is a fine grained sedimentary rock with considerable compositional variations 
that contains a solid mixture of organic chemical compounds called kerogen. Oil shale 
was formed from the organic debris millions of years ago. When heated by natural 
geothermal heat these shales produce liquid organic products by thermal 
decomposition. 

With the conventional oil resources being quickly depleted, there has recently been a 
great upsurge on the exploration and production of shale oils in the US and the around 
the world. One of the traditional methods for identifying shale oil deposits is vitrinite 
reflectance (or VR), which uses light reflectance as an indicator of thermal maturity in 
hydrocarbon source rocks.1 However, this technique has several disadvantages, 
including analysis being subject to human error, low or absent reflectance values in 
some of the oil shale deposits, etc.  

Raman microscopy can provide a method for measuring thermal maturity of the 
kerogen in oil shale, as the Full Width at Half Maximum (FWHM) values of the kerogen 
Raman G- band  are correlated with its thermal maturity:2,3 Increase in the thermal 
maturity increases structural order throughout the carbon network, thus decreasing the 
G band FWHM. 

In this study, we analyzed several oil shale samples from Eagle Ford Shale (Texas) 
with a the Thermo Scientific™ DXR™xi Raman imaging microscope, and 
demonstrated that Raman imaging identified, with high speed and accuracy, the 
presence of different minerals, including pyrite, calcium carbonate (calcite) and others. 
Knowledge of the presence or absence of these minerals in oil shale is essential for 
efficient oil extraction in drilling operations by the new technique of hydraulic fracturing 
(fracking). We also demonstrated that Raman imaging can be used for fast identifying 
thermal maturity of the kerogen in the oil shale.  

Methods  
Samples 

Thin sections of  oil shale samples from Eagle Ford Shale (Texas) were used for 
Raman imaging. 

Raman Microscopy Imaging  

The DXRxi Raman imaging microscope (Figure 1) with a 100x microscope objective 
(numerical aperture 0.90) was used to collect Raman images for selected regions of 
the shale samples. A 532 nm laser (with a 1.5 mW of power at the sample) with a full-
range grating (900 lines/mm) provided 50-3400 cm-1 spectral region. A 25 µm confocal 
pinhole aperture and 1 µm image pixel size were used to provide high spatial 
resolution Raman imaging.  

Data Analysis 

The Raman images were obtained using mainly the Correlation Profile option within the 
Thermo Scientific™ OMNIC™xi software of the DXRxi Raman imaging microscope. 
For imaging the thermal maturity of the kerogen, FWHM values of the G-band were 
used. 

Results  
Identification of Kerogen and Minerals with Raman Imaging 

Raman imaging analysis confirmed that most of the sample contains kerogen (Fig. 
2.B, red areas in the Raman image region) as revealed by the characteristic 
amorphous carbon Raman spectra with strong and broad D and G bands with peak 
maxima at ~1350 cm-1 and ~1600 cm-1, respectively (Fig. 3.B).  

Raman imaging also revealed, with high spatial resolution, the presence of several 
inorganic minerals, including pyrite, marcasite, anatase and calcite (Fig. 3.A). 
Occurrence of calcite shows that the oil and gas can be easily extracted from this 
deposit by fracking. When the oil shale contains reasonable amount of calcite (or 
dolomite), it is more prone to Acid Fracturing (Acidizing), in which an acid, such as 
HCl, is used to “etch” channels in the rock: HCl reacts with the calcite to produce 
CaCl2, water and CO2. This breakdown promotes fracture formation and the CO2 adds 
to the pressure of fluid in the fractures to help facilitate the extraction. 

Raman Imaging of Kerogen Thermal Maturity  

Raman thermal maturity images show that kerogen in the shale samples has largely 
similar thermal maturity (Fig. 4.A and Fig. 4.C, green areas). However, the 
carbonaceous materials in close proximity to the minerals, especially pyrites and 
marcasites, exhibited lower maturity (Fig. 4.A, red areas) than the surrounding regions. 
This is an interesting finding demonstrating special role of these minerals in kerogen 
maturity and consistent with a previous study,4 which demonstrated that pyrite acts as 
a catalytic agent for hydrocarbon generation from kerogen.  
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Conclusion 
 Raman imaging, with the DXRxi Raman imaging microscope, has been 

successfully used for fast identification of minerals and kerogen in the oil shale 
samples. Presence of calcite, among other minerals, indicate that the shale is 
well-suited for fracking. 

 Raman thermal maturity images, plotted by the FWHM values of the G-band of 
kerogen, showed that although relatively uniform overall, the areas close to the 
minerals show lower maturity, indicating the special role of minerals for oil and 
gas formation.  

 As future research directions, we will be analyzing more shale samples from 
different regions to expand the applicability of Raman imaging in oil exploration.  

 

FIGURE 2. Video and Raman images of an oil shale sample analyzed in this 
study: (A) Video mosaic image showing the features of the oil shale sample. 
Shown in red  square is the area where Raman imaging was performed. (B) 
Superimposed view of video and Raman images, showing the kerogen in red. 
Collection parameters: 30 ms/spectrum, 30 scans. 
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FIGURE 3. (A) Raman images of the same region analyzed in the Figure 2, 
showing the locations for Pyrite, Marcasite, Calcite and Anatase. (B) 
Representative Raman  spectra for the minerals. Collection parameters: 30 
ms/spectrum, 30 scans. 

FIGURE 4. (A) Raman image showing the kerogen maturity differences in terms 
of G-band FWHM values. Red indicates higher FWHM value and lower maturity 
and Green indicates lower FWHM and higher maturity. The orange regions have 
intermediate value. The blue regions mostly contain minerals and lack kerogen. 
(B) Representative Raman spectra for the red, orange and green regions, 
showing the broadening the G-band from Green to Red. (C)  A different region 
showing the Raman maturity image super imposed to video image.   
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Overview 
Purpose: Raman imaging is a non-intrusive, non-destructive analytical technique well-
suited for characterization of geological samples. The purpose of this study is to 
explore the potential of Raman imaging for fast analysis of oil shale samples. In 
particular, we are interested in identification of microscopic minerals and in imaging 
thermal maturity of carbonaceous organic matter (kerogen). 

Methods:  Raman imaging was performed for thin sections of samples from Eagle 
Ford Shale (Texas) using Thermo Scientific DXRxi Raman Imaging Microscope. 

Results: Raman imaging not only revealed the presence and locations of different  
inorganic minerals (pyrite, marcasite, calcite and anatase) but also the presence of 
kerogen with different  thermal maturity in the shale samples. 

Introduction 
Oil shale is a fine grained sedimentary rock with considerable compositional variations 
that contains a solid mixture of organic chemical compounds called kerogen. Oil shale 
was formed from the organic debris millions of years ago. When heated by natural 
geothermal heat these shales produce liquid organic products by thermal 
decomposition. 

With the conventional oil resources being quickly depleted, there has recently been a 
great upsurge on the exploration and production of shale oils in the US and the around 
the world. One of the traditional methods for identifying shale oil deposits is vitrinite 
reflectance (or VR), which uses light reflectance as an indicator of thermal maturity in 
hydrocarbon source rocks.1 However, this technique has several disadvantages, 
including analysis being subject to human error, low or absent reflectance values in 
some of the oil shale deposits, etc.  

Raman microscopy can provide a method for measuring thermal maturity of the 
kerogen in oil shale, as the Full Width at Half Maximum (FWHM) values of the kerogen 
Raman G- band  are correlated with its thermal maturity:2,3 Increase in the thermal 
maturity increases structural order throughout the carbon network, thus decreasing the 
G band FWHM. 

In this study, we analyzed several oil shale samples from Eagle Ford Shale (Texas) 
with a the Thermo Scientific™ DXR™xi Raman imaging microscope, and 
demonstrated that Raman imaging identified, with high speed and accuracy, the 
presence of different minerals, including pyrite, calcium carbonate (calcite) and others. 
Knowledge of the presence or absence of these minerals in oil shale is essential for 
efficient oil extraction in drilling operations by the new technique of hydraulic fracturing 
(fracking). We also demonstrated that Raman imaging can be used for fast identifying 
thermal maturity of the kerogen in the oil shale.  

Methods  
Samples 

Thin sections of  oil shale samples from Eagle Ford Shale (Texas) were used for 
Raman imaging. 

Raman Microscopy Imaging  

The DXRxi Raman imaging microscope (Figure 1) with a 100x microscope objective 
(numerical aperture 0.90) was used to collect Raman images for selected regions of 
the shale samples. A 532 nm laser (with a 1.5 mW of power at the sample) with a full-
range grating (900 lines/mm) provided 50-3400 cm-1 spectral region. A 25 µm confocal 
pinhole aperture and 1 µm image pixel size were used to provide high spatial 
resolution Raman imaging.  

Data Analysis 

The Raman images were obtained using mainly the Correlation Profile option within the 
Thermo Scientific™ OMNIC™xi software of the DXRxi Raman imaging microscope. 
For imaging the thermal maturity of the kerogen, FWHM values of the G-band were 
used. 

Results  
Identification of Kerogen and Minerals with Raman Imaging 

Raman imaging analysis confirmed that most of the sample contains kerogen (Fig. 
2.B, red areas in the Raman image region) as revealed by the characteristic 
amorphous carbon Raman spectra with strong and broad D and G bands with peak 
maxima at ~1350 cm-1 and ~1600 cm-1, respectively (Fig. 3.B).  

Raman imaging also revealed, with high spatial resolution, the presence of several 
inorganic minerals, including pyrite, marcasite, anatase and calcite (Fig. 3.A). 
Occurrence of calcite shows that the oil and gas can be easily extracted from this 
deposit by fracking. When the oil shale contains reasonable amount of calcite (or 
dolomite), it is more prone to Acid Fracturing (Acidizing), in which an acid, such as 
HCl, is used to “etch” channels in the rock: HCl reacts with the calcite to produce 
CaCl2, water and CO2. This breakdown promotes fracture formation and the CO2 adds 
to the pressure of fluid in the fractures to help facilitate the extraction. 

Raman Imaging of Kerogen Thermal Maturity  

Raman thermal maturity images show that kerogen in the shale samples has largely 
similar thermal maturity (Fig. 4.A and Fig. 4.C, green areas). However, the 
carbonaceous materials in close proximity to the minerals, especially pyrites and 
marcasites, exhibited lower maturity (Fig. 4.A, red areas) than the surrounding regions. 
This is an interesting finding demonstrating special role of these minerals in kerogen 
maturity and consistent with a previous study,4 which demonstrated that pyrite acts as 
a catalytic agent for hydrocarbon generation from kerogen.  
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Conclusion 
 Raman imaging, with the DXRxi Raman imaging microscope, has been 

successfully used for fast identification of minerals and kerogen in the oil shale 
samples. Presence of calcite, among other minerals, indicate that the shale is 
well-suited for fracking. 

 Raman thermal maturity images, plotted by the FWHM values of the G-band of 
kerogen, showed that although relatively uniform overall, the areas close to the 
minerals show lower maturity, indicating the special role of minerals for oil and 
gas formation.  

 As future research directions, we will be analyzing more shale samples from 
different regions to expand the applicability of Raman imaging in oil exploration.  

 

FIGURE 2. Video and Raman images of an oil shale sample analyzed in this 
study: (A) Video mosaic image showing the features of the oil shale sample. 
Shown in red  square is the area where Raman imaging was performed. (B) 
Superimposed view of video and Raman images, showing the kerogen in red. 
Collection parameters: 30 ms/spectrum, 30 scans. 
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FIGURE 3. (A) Raman images of the same region analyzed in the Figure 2, 
showing the locations for Pyrite, Marcasite, Calcite and Anatase. (B) 
Representative Raman  spectra for the minerals. Collection parameters: 30 
ms/spectrum, 30 scans. 

FIGURE 4. (A) Raman image showing the kerogen maturity differences in terms 
of G-band FWHM values. Red indicates higher FWHM value and lower maturity 
and Green indicates lower FWHM and higher maturity. The orange regions have 
intermediate value. The blue regions mostly contain minerals and lack kerogen. 
(B) Representative Raman spectra for the red, orange and green regions, 
showing the broadening the G-band from Green to Red. (C)  A different region 
showing the Raman maturity image super imposed to video image.   
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