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Abstract 

The present study aims at developing an interactive computer based information system for 
the purpose of classifying sandstone in the frame of mineralogy, texture and chemical 
composition.  The program displays a main window provided with two options named as 
Chemical - and Mineralogical Classifier.  The development of Chemical Classifier is based on 
ratios and logarithmic values of SiO2/Al2O3, K2O/Na2O, FeTO3/K2O, and (FeTO3 + 
MgO)/(K2O+Na2O).   The sandstone of quartz arenite type is defined by a log SiO2 /Al2O3 1.5;
graywacke sandstone is defined by  logs SiO2 /Al2O3 <1.0 and K2O/Na2O<0.0.  Akosic sandstone 
is defined by logs SiO2 /Al2O3<1.5,  K2O/Na2O 0.0 and (FeTO3 + MgO)/(K2O/Na2O) <0.0.  
Litharenite sandstone is compositionally diverse and it cannot be identified with great confidence 
by chemical composition alone.  The Chemical Classifier is able to display various chemically-
based scattergrams as guidelines to classify sandstone with varying success.  The development of 
Mineralogical Classifier was based on the Ternary system of Pettijohn where quartz (Qz), feldspar 
(F), and rock fragments (RF) are the principal components locate at the apices of the triangles in 
that system.  The percentages of Q, F and RF range between 0 to100% for each component.  
Matrix (M) ratio in sandstone also must be determined, where M is < 15% and >15%-<75% in the 
arenite group and wacke group respectively.  The Mineralogical Classifier designed to display 
duplicate triangles, one for plotting samples of arenite group and the next one for plotting samples 
of wacke group.  The developed system is a simplified one, driven by a group of options and 
dialogues allowing user to feed data easily and systematically. 
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Introduction

The traditional trend in classifying sandstone into clans “classes” is the more 
accessible thin-section petrographical study which based on the definitive mineralogical 
and texture properties of sandstone.  Major impetus in sandstone classification came so 
early from an almost continuous flow of papers since the beginnings of the twentieth [ 
19, 40, 13, 42, 14, 23, 12, 11, 29, 33].  There were different opinions about the role of 
texture and mineralogical problem to sandstone classification.  Though, there has been 
no overwhelming acceptance of any one classification, a wide slice of petrographers 
arbitrarily applied  classifications proposed by Folk, Pettijohn, and Dickenson [in 35].  
[8] mentioned the great use of conventional image atlases in sandstone classification [ 
37, 1] which facilitate petrographical study beside the archives of photo CDs [6] and 
web pages providing a wealth of petrographic images and related information that would 
facilitate petrographical study [31, 7].  The ignorance of chemical data assessment in 
sandstone classification by sedimentary pertographers was mentioned by [20] with the 
exception only for a few published works [3, 33, 15].  Early chemical studies of 
sandstone were principally directed toward goals other than classification.  For instance, 
chemical studies on sandstone by [25, 10, 38] were directed to solve the problem of 
tectonic setting of sandstone.  Recently, major oxides of silica (SiO2), alumina (Al2O3),
alkalis (Na2O, K2O), and iron plus magnesia (FeTO3, MgO) as well as trace elements and 
isotopes have been used to investigate the origin of siliciclastic sediments [24].  Despite 
the different emphasis on the role of sandstone chemical composition and the presence 
of some real limitations against precise classification, [20] pointed out the value of 
chemical data to identify types of sandstone and to assist its genetic interpretation, albeit 
with varying degrees of confidence ranging from high (for quartz arenite), moderate (for 
graywacke and arkose) to low (for litharenite).  The use of  logarithmic values of oxides 
appears to be most useful in constructing chemically-based scattergrams to serve 
sandstone classification.  Trace elements notably gallium (Ga) and cobalt (Co) may be 
also of a value to classify sandstone [20].  Using various chemical classification systems 
would enhance the likelihood correct classification of sandstone and it may narrow the 
disparate results.  

The last decade progress of information technology in geosciences teaching 
symbolized by the development and revision of “21” digital courseware’s was reviewed 
by [8].  Examples on digital media are mineral identification, elementary optical 
mineralogy and petrography which consider as virtual database and archives for thin-
sections and mineral species [5, 21, 27, 4].  A subsequent development of a computer-
based tutorial in sandstone petrology made by [26, 8] offers an exposure to visual 
sandstone petrography outside the lock up of traditional laboratory exercises.  

The present study aims at developing a computer-based information system which 
can assist sedimentary petrographers to classify sandstone.  The feedback for the 
developed system based on specific mineralogical, textural and chemical approaches. 
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Basis of sandstone modal analysis and the construction of chemically-based 
scattergrams 

The architecture of the written computer based information system principally 
considers the works of [12, 33]  for establishing the Mineralogical Classifier.  In the 
meantime,  the works done by [3, 15, 20] are considered to establish the Chemical 
Classifier.

The modal analysis scheme of sandstone classification [12, 33] is virtually a ternary 
system with sand-size quartz (Qz), feldspar (F), and rock fragments (RF) are  principal 
constituents locate at the apices of triangles in the system. The percentages of Q, F and 
RF is between 0-100%.  Based on M ratio, this classification distinguishes between the 
two groups of sandstone, arenite and wacke  where arenites has M <15%) and wackes 
has 15%<M<75%.   

A brief discussion and chemical analyses tabulation of sandstone were done by [35] 
for some representative sandstone samples.  The later authors concluded that a high ratio 
of SiO2 /Al2O3 is characteristic for quartz arenite and high ratios of Na2O/K2O and 
MgO/CaO and a low content of SiO2 are characteristic for graywacke.  The arkose can 
be distinguished by it’s high content of  Al2O3, K2O and Na2O.   

Scattergrams in the chemically-based sandstone classification depend on the 
concentrations of SiO2, Al2O3, K2O, Na2O, and FeTO3+MgO in sandstone where FeTO3 is 
the total iron oxides.  As a next step, the ratios and the logarithmic values for SiO2
/Al2O3, K2O/Na2O, (FeTO3 + MgO)/(K2O + Na2O), (FeTO3/K2O) must be calculated.  
Accordingly, if the log value of  SiO2 /Al2O3 1.5 quartz arenite is expected but if it is < 
1.0, and the log value of  K2O/Na2O is < 0.0 graywacke is expected.  For Arkose the log 
value of SiO2 /Al2O3 is <1.5,  log value of K2O/Na2O is  0.0 and log value of (FeTO3 + 
MgO) / (K2O/Na2O) is < 0.0.  However, greywacke from passive continental margins 
may have a log value of K2O/Na2O 0.0 and in some arkoses the log value of K2O/Na2O
may be <0.0.  Litharenite is compositionally diverse with varying chemical 
compositions; so it cannot be chemically identified with a great confidence [20]. 

System requirements

Windows based operating system with DotNet framework installed is required to 
run the executable version.  If recompiling the program from its C# code, Microsoft 
Visual Studio DotNet 2003 or later is needed, and a DLL file “Controls” is also required.  
The DLL is included in the setup package. 

System details 

The software is a setup package that consists of three files: “setup.exe”, “setup.ini”, 
and “sandstone.msi”.  The setup.exe is the Microsoft (R) Visual Studio Windows 
Installer Bootstrapper file, the setup.ini is the Configuration Settings file, and the 
sandstone.msi is the Windows Installer Package file.  The setup program checks the 
user’s system and installs the required files, or asks the user to install DotNet framework.  
The user can choose the installation directory whether the installation is for a specific 
system user or for all users.  The setup program will create a shortcut on the desktop.  
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When clicking the shortcut, the program opens a main window with two options 
Chemical and Mineralogical Classifiers (Fig. 1).  When choosing one of the two options 
another window will be opened.  If the user selects the Chemical Classifier (Fig. 2), a 
window will be opened allowing him to enter all percent values of oxides.  The percent 
values can be checked when moving the curser to another text box.  The user has also the 
choice to enter the percent values of Gallium (Ga) and Cobalt (Co) elements if their 
concentrations are already known. Otherwise, he can leave the fields of these two 
elements empty without any problem.  If the fields left empty the default value 0.0 will 
be stored at once.  The logarithms (log values) of the oxide ratios can be automatically 
computed by clicking on the “Log Derivation” button.  By clicking the “Accept Input” 
button the input data can be checked.  If any logical error appears, an error message is 
displayed.  If the entering is okay, the input data are added to the data grid (Fig. 3). The
data can be stored in XML file by choosing “Save” from the “File” menu.  The window 
is capable to open previously stored files with XML format by choosing “Open” from 
the “File” menu.  After the data has been entered manually or has been selected from an 
XML file  the user can select one of the available scattergrams from the combo box.  By 
clicking on the “Draw Scatter” button another window is opened showing all points 
plotted in the scattergram  (Figs. 4 & 9).  The coordination of any plotted point can be 
viewed as a tape by clicking the mouse button at this point.   

Printing scattergrams is done by choosing “Print” from the “printing” menu.  The 
user can use “Print Preview” to see the shape of the printout.  If there is a need to add 
any comments such as the title, this can be done by clicking the “Comment” menu where 
a new window is opened (Fig. 5) allowing the user to add his comments.  Font properties 
can be changed by using the “Font” button.  

By using the Mineralogical Classifier from the main menu (Fig. 1) another window 
is opened allows for entering the percent values of Q, F and RF as well as the M ratio.  
The input data can be checked by moving the curser from one text box to another to 
make any correction.  when all the input data are okay, one must clicks on the “Accept 
Input” button (Fig. 6).  The input data can be extracted also from previously stored XML 
format files as described above.  By clicking on the “Draw Scatter” button, the plots 
appear in two triangles, one includes samples of arenite group whereas the next one 
includes samples of wacke group.  Gridlines can be added to all diagrams just by moving 
the cursor to any point inside the plot, then clicking the mouse button to add the gridlines 
(Fig. 7). 

Tryout of the developed system 

To testify the degree of accuracy of the developed syestem, we plotted a number of 
selected representative sandstone samples based on their mineralogical and chemical 
data (Tables 1 & 2).  By using the Mineralogical Classifier, the samples 1-8 shown in 
Table (1) are plotted very nicely and with great confidence inside the triangles of the 
ternary system.  The plotting is in a harmony with the reference names of these 
sandstone as given in literatures (see Fig. 8).  On the other hand, the samples 9-17 (Table 
2) are plotted by using the Chemical Classifier.  Samples 9, 10,11 (quartz arenites), 12, 
13, 14 (arkosic sandstone), and 15 (litharenite) are plotted in the scattergram (Fig. 9) in 
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concurrent with their reference names mentioned in literatures.  But unfortunately,  
plotting of samples 16 (sublitharenite) and 17 (graywacke) fell in other fields unrelated 
to the exact names of these two samples.  The mistaken fields are for subarkose and Fe-
shale.  The mismatch of the last two samples more likely refers to diversity in the 
chemical composition of litharenite because of the different origin of rock fragments 
and/or the genesis of matrix in graywackes.  The mismatch however has nothing to do 
with the developed computer system itself.    

In short, the developed computer system, is a simple one and it is designed for an 
immediate use after feeding it with chemical and/or mineralogical data.  This application 
can restore the confidence of naming various kinds of sandstone with a high to modest 
success. 
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Figure 1. System main window.

Figure 2. Chemical Classifier main window. 
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Figure 3.  Data grid at the bottom of Chemical Classifier window. 

        Figure 4. An example of scattergram using Chemical Classifier.
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Figure 5. View of the comment window. 

Figure 6. Mineralogical Classifier main window.   
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(a)

 (b) 

Figure 7.  Adding gridlines in triangular plots. (a) Without gridlines, (b) With gridlines. 
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Figure 8. Modal analysis for eight sandstone representative samples 
(Table 1, samples 1-8). 
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        Figure 9. Scattergram used to plot nine representative sandstone samples 
                          (Table 2, samples 9-17). 
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      Table (1).  Mineral composition of some representative sandstone samples  
                         [After 35].  

Sample 
(No. & 
Type) 

Mineral Composition(%) Recalculated 
percent        

Sandstone 
Type 

Source

 Qz F RF Mc O M Qz F RF   
1 60 13 0.0 TR 8 5 82.2 17.8 0.0 Subarkose Missouri,USA  (Lamotte 

S.St,                                    
Cambrian). [30]. 

2 38 46 0.0 4 - 12 45.2 54.8 0.0 Arkose              Auvergne,  France. 
(Arkosic Sandstone, 
Permian).  [16].                  

3 78 3 15 - - 4 81.3 3.1 15.6 Sublitharenite Oclahoma, USA.  
(Deese Formation, 
Pennsylvanian). [17]. 

4 61 6 9 3 - 5 80.3 7.9 11.8 Sublitharenite Illinois Basin,  USA. 
(Trivoli S.St, 
Pennsylvanian). [2]. 

5 31 10 33 - - 5 41.9 13.5 44.6 Litharenite Texas, USA. (Frio S.St, 
Oligocene).  [28]. 

6 33 21 7 6 - 33 64.7 29.4 5.9 Feldspathic 
graywacke  

New Zealand 
(Graywacke, L. 
Mesozoic).  [41]. 

7 4 10 50 - 2 32 6.3 15.6 78.1 Lithic 
graywacke 

Australia. (Graywacke, 
Devonian).  [9]. 

8 27 19 30 - 3 21 35.5 25 39.5 graywacke Germany, Harz. 
(Graywacke, Kulm). 
[22]. 

Table (2).  Chemical composition of sandstone representative samples.  

Sample 
No. & Type 

SiO2
(%)

Al2O3
(%)

FeTO3
(%)

MgO 
(%)

CaO
(%)

Na2O
(%)

K2O
(%)

Source 

 9. Quartz arenite 95.4 1.10 0.66 0.10 1.60 0.10 0.20 [32] 
10. Quartz arenite 99.3 0.15 0.10 0.01 0.05 0.01 0.01 [36] 
11. Quartz arenite 97.95 1.05 0.04 0.17 0.44 0.002 0.01 [36] 
12. Arkose 75.8 11.74 1.95 0.54 1.41 2.40 4.51 [18] 
13. Arkose 77.1 8.70 1.33 0.50 2.70 1.50 2.8 [32] 
14. Subarkose 85.74 6.84 0.79 1.11 0.49 1.16 2.19 [39] 
15. Litharenite 65.0 9.57 2.0 0.40 10.1 2.14 1.43 [28] 
16. Sublitharenite 84.04 2.57 0.38 0.67 5.41 0.17 0.86 [32] 
17. Graywacke 60.51 15.36 8.87 3.39 2.14 2.50 1.69 [34] 




