
Page 1 of 78 
 

 

 

 

FACULTY OF SCIENCE AND TECHNOLOGY 

BACHELOR’S THESIS 

  

Study programme / specialisation: 

Geo- and energy resources 

The Spring semester, 2023 

 

Open / Confidential 

Author:  

Thomas Gingstad 

 

Supervisor at UiS: Carita Augustsson 

 

Co-supervisor: 

External supervisor(s): 

 

Thesis title:  

Operator bias in point counting 

 

Credits (ECTS): 20 

 

Keywords: 

 

 

Pages: 27 

+ appendix: 51 

Stavanger, 15.05.23 



Page 2 of 78 
 

Abstract 

Thin section point counting is a method to acquire the mineral composition of a rock. Different errors 

can affect the final result. The goal of the study is to study the effects of operator bias on point 

counting results. Operator bias is a type of error that depends on the operator performing the thin 

section. The effect of this bias is not well known. Point counting of 15 different samples are done, and 

the result is compared with other operators. The results show large differences in point counting 

results. The difference is sufficient enough that the point count results cannot be used accurately. The 

skill of the operator is a determining factor. The bias is mostly in misidentification of quartz and 

feldspar. Lithic fragments were difficult to identify for most of the operators. Other factors such as 

staining of thin sections did not greatly affect the bias. The effect of operator bias is great enough that 

results from different operators cannot be reliably compered to each other.  
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In Petrology thin section analysis by point counting is a method of acquiring the amount of different 

mineral components in a sample (Chayes, 1956). From this the normalized values for quartz, feldspar 

and lithic fragments are found. This is useful when classifying sandstone samples. Classification 

diagrams are ternary diagrams used to display the normalized values for main components. These 

diagrams can classify sandstone based on composition for example McBride (1963). Diagram from 

Dickinson (1985) uses the composition to identify the tectonic provenance.  

Errors in point counting, results in inaccurate compositions and can affect the classification of the 

sample if the inaccuracy is large enough. Different types of errors exist. Sampling errors are errors 

related to the thin section and the original rock (Bayly, 1965). The small section of the rock used for 

the creation of the thin section does not represent the whole rock. Other types of errors are called 

counting errors (Bayly, 1965). Counting errors are relative to the thin section itself and not the source 

rock (Chayes, 1956). 

Operator error is an error related to the person performing the point counting (Demirmen, 1972). 

Misidentification of minerals during point counting leads to either over- or underestimations for 

minerals. When a thin section is point counted by multiple persons, differences in results are detected 

(Chayes, 1956). Studies have been conducted to test difference in method used (Ingersoll et al, 1984), 

and other geological and non-geological biases (Augustsson, 2021). For point counting the effect of 

operator bias on the result is not well known. On study (Dunkl et al, 2020) focusing on heavy minerals 

found that the experience of the operator was crucial for the operator bias, but not to the extent as first 

thought. Also, that automated methods gave better results than optical methods in polarising 

microscope.    

The aim of this study is to get a better understanding of the operator bias in point counting. The 

objective is to quantify the difference in results between multiple operators. In both in terms of main 

components, also other components such as porosity and calcite. To investigate how the number of 

points counted affects the result. Also, to check if samples stained for porosity or calcite influence the 

bias. 15 different sandstone thin sections are to be point counted by me. These thin sections have 

previously been counted by between 2-9 different students. Results are taken after 200 and 400 points 

to investigate the difference of number of counts. 

 

 

 

 

 

Method 
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Point counting was done with the help of an automatic sample mover attached to a polarising 

microscope. When the point under the crosshair was identified as a grain, cement, matrix, or porosity 

the sample was moved to the next point. The counter moved in a grid pattern. The counter ensures that 

the distance between points was so that the point counted area was equally represented. Results were 

noted down after 200 counted points. Because of this the 200 points results only covered half of the 

point counted area. As it kept count of every point and not number of grains, 200 and 400 points were 

used to reach 150 and 300 grains.  

The method used for point counting is the Gazzi-Dickinson method. Grains in this method are only 

counted if they are of sand size, between 63 µm and 2 mm (Dickinson, 1970), grains smaller than this 

are counted as matrix. Chert grains are counted as quartz (Dickinson, 1970). Grains or crystals inside 

rock fragments that are larger than 63 µm are counted as the mineral itself and not as lithic fragments 

(Ingersoll et al, 1984). Grains or crystals that are a part of lithic fragments and are smaller than sand 

size is counted as lithic fragments. This is also true for lithic fragments, if a lithic fragment of sand 

size is a part of a larger lithic fragment, it is counted as the fragment in the crosshair and not as the 

larger fragment (Ingersoll et al, 1984). 

For the students since it was there first time point counting, it is assumed that they did not use a 

specific method while point counting. They would instead have classified everything as it is under the 

crosshair. A lithic fragment would be identified as such, not depending on the crystal or grain size. 

This should in theory give the students a larger percentage of lithic fragments. They also made the 

point counts manually and used a movement of 1 mm between points. Almost all students used a 

matrix limit set at 20 µm.  

To ensure that my results were more correct, replicate counts were made. The thin sections were 

counted multiple times until the results was similar to the last attempt. Special care was taken to not 

count the same grain more than once as this leads to inaccuracies in the uncertainty calculation (Van 

der Plas and Tobi, 1965). Equation 1 and 2 (Howarth, 1998) was used to calculates the upper and 

lower confidence bounds respectively. The uncertainty was calculated with a 95% confidence limit. 

 

𝑝(𝑛)𝑢 = 100 [𝐵𝑒𝑡𝑎(1 −
𝛼

2
,𝑛 + 1,𝑁 − 𝑛)] 

 

(1) 

𝑝(𝑛)𝑙 = 100 [1− 𝐵𝑒𝑡𝑎(1 −
𝛼

2
, 𝑁 − 𝑛 + 1, 𝑛)] (2) 

 

Here 𝑝 is the percentage, 𝑛 is the number of grains, 𝑢 is the upper confidence, 𝑙 is the lower 

confidence, 𝐵𝑒𝑡𝑎 is the inverse beta distribution, 𝛼 is the confidence limit, and 𝑁 is the total number 

of points.  
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The results were plotted in ternary diagrams. To plot the uncertainty, equation 3 (Weltje, 2002) was 

used to find the QFL values of the six corners of the hexagonal field, using results from equation 1 and 

2. A line was then plotted between these points. C in this equation is a constant value, in this case C is 

100. 

 

[
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 (3) 

 

To get a quantitative result for the difference in results equation 4 (Weltje, 2004) were used. All 

student results and my own results are included in the calculation. In this equation 𝑛 is the main 

components (QFL) and 𝑘 is each operator result in that sample. 𝑝 is the average percentage, whilst π is 

𝑘 operator percentage. This gives values that are low for samples where operators agree more, with 0 

being that all operator results are identical. It is possible to use the result to determine if the value is 

significant. This requires the count length. Due to the count length varying between operators, this 

equation is only used to give a relative knowledge of which samples the bias is largest.  

 

𝑉 = ∑∑
(𝑝𝑖𝑗 − 𝜋𝑖)

2

𝜋𝑖

𝑘

𝑖=1

𝑛

𝑗=1

 (4) 

 

 

Some of the samples were stained blue for porosity and red for calcite. Samples 39650, 39653, 39654, 

39656, 33302B, 33302 and 33298 was stained for both porosity and calcite. Samples 33300, 61380 

and NN was only stained for porosity. As this was only checked visually with no knowledge of how 

the thin sections were made, it is possible that these samples were also stained for calcite. As no red 

stains were spotted this is only possible if there were no calcite in the samples. Samples 48743, 48744, 

48745, 48746, and 48747 was not stained for either porosity or calcite.    

 

 

Results 
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From my own point counted results (Table 1) almost all samples are classified as Subarkose according 

to McBride (1969) (Figure 1), except for samples 33302, 33302B and 33298. Comparing student 

results to mine, gives that Subarkose samples 39654, 48743, 48744 and NN are classified similarly for 

all operators (Figure 3). In sample 39654 one student result gives a quartz value 9% lower than the 

next closest result (Table 2). Sample 33302 is classified as Feldspathic litharenite, but is classified 

differently at 200 counted points as Sub-litharenite. Sample 33302B is classified as Sub-litharenite. 

This is also true for all operators. Sample 33298 is classified as Arkose, but at 200 counted points it is 

classified as Subarkose. Between all operators this sample is classified in 5 different ways, and no 

other student agreed on my result as arkose. The classification area is large, so even though samples 

are classified similarly the difference can be large. 

 

 

Figure 1: Classification of the thin sections, based on the classification scheme from McBride (1963).  

The difference between 200 and 400 counted points is mostly low. Only in two samples they are 

classified differently. In sample 33302 the difference is only about 2% in quartz, and 1% in feldspar 

and lithic fragments (Table 1). This is about the average difference between 200 and 400 points. The 

only reason it classifies differently is due to it already being close to being classified as Sub-

litharenite. In sample 33298 the biggest difference occurs, with a 6% difference in quartz, 5% in 

feldspar and 1% in lithic fragments (Table 1). The uncertainty is observed to be larger at 200 counted 

points.  

For the students the number of counted points is not an obvious factor in the result, apart from making 

the uncertainty larger. All result that was counted less than 100 grains show no large differences. Of 

the 5 students that counted more than 300 grains, only 1 student had a result within 3% of mine in any 
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of the main components (Table 1 and 2). The other 4 students had results 10-30% different from mine 

in any of the main components (Table 1 and 2). 

Taking observation from the microscope gives the approximate average grains size of 120 μm for 

samples 48746, 33302 and 61380. Samples 48747, 33302B, 39656 and 39653 have an average grain 

size of 140 μm. Sample 48745 have an average grain size of 150 μm. Samples 48744, 48743, NN and 

39654 have an average grain size of 160 μm. The second largest average grain size is 180 μm found in 

samples 33298 and 39650. The largest average grain size is 240 μm in sample 33300.  

Generally, pelite is the most common lithic fragment, being found in all samples. Metapelite is the 

second most common lithic fragment being found in all but samples 39650 and 48744. For volcanic 

fragments, felsic is the most common being found in most of the samples. Mafic fragments are only 

found in samples 39654, 39656 and NN. Some psammite fragments are found, but no metapsammite is 

found. Comparing to the student metapelite is generally found less. Volcanic felsic fragments are also 

found less. Mafic volcanic fragments are found in more samples by the students. Naturally both 

psammite and metapsammite are found more by the students, due to the counting method used . Lithic 

percentage is overall slightly lower than my results.    

Samples classified as Subarkose have mostly a lithic fragment percentage lower than 10. Most of them 

are lower than 5%, only samples 48743, 48745, and NN are higher than 5% and lower than 10% 

(Table 1). Some students in samples 39650, 39653, 39654, 39656, 48743 and 48746 found no lithic 

fragments (Table 2). 

Sub-litharenite and Feldspathic-litharenite samples 33302B and 33302 have lithic fragment 

percentages of 21.7% and 25.5% respectively (Table 1). In these two samples metapelite is the most 

common lithic fragment. In samples 33302 and 33302B where I found the most lithic fragments, the 

students have found lower values. In sample 33302 the percentage is 2-4 times as low. The types of 

fragments vary. In these two samples only one of five students found metapelite, but a value half o f 

mine. In Figure 2 an example of what I have identified as metapelite in sample 3302B is shown. The 

students in this sample have only pelite, and one student also have metapsammite. 

The Arkose sample have lithic components of about 8% (Table 1). For the students it varies widely 

between 1% and 27%. 

 

 

Table 1: Results of my point counting as quartz, feldspar, and lithic fragments in % of total grains. 

Lithic fragment types in % of total lithic fragments.  
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Sample 

(Number 

of 

grains) 

Quartz 

[%] 

Feldspar 

[%] 

Lithics 

[%] 

Ls, 

psam 

[%] 

Ls, pel 

[%] 

Lv, felsic 

[%] 

Lv, mafic 

[%] 

Lm, 

psam 

[%] 

Lm, 

pel 

[%] 

39650 

(307) 

84.7 

+3.8/-4.5 

12.1 

 +4.2/-3.4 

3.3 

 +2.7/-1.7 
0 60 40 0 0 0 

39650 

(148) 

87.8 

+4.8/-6.4 

8.1 

+5.6/-3.8 

4.1 

+4.6/-2.6 
0 50 50 0 0 0 

39653 

(278) 

86.7 

+3.8/-4.6 

10.4 

 +4.2/-3.3 

2.9 

 +2.7/-1.6 
12.5 50 25 0 0 12.5 

39653 

(135) 

86.7 

+5.2/-6.9 

10.4 

+6.4/-4.6 

3.0 

+4.4/-2.1 
0 75 25 0 0 0 

39654 

(293) 

86.3 

+3.7/-4.5 

9.6 

 +4.0/-3.1 

4.1 

 +2.9/-2.0 
16.7 25 25 8.3 0 25 

39654 

(142) 

85.9 

+5.3/-6.8 

9.9 

+6.1/-4.6 

4.2 

+4.7/-2.7 
33.3 16.7 33.3 0 0 16.7 

39656 

(284) 

85.9 

+3.8/-4.6 

10.6 

 +4.2/-3.3 

3.5 

 +2.9/-1.8 
0 40 30 10 0 20 

39656 

(153) 

86.3 

+5.0/-6.5 

11.8 

+6.2/-4.6 

2.0 

+3.7/-1.6 
0 0 66.7 0 0 33.3 

48743 

(272) 

83.5 

+4.2/-5.0 

11.0  

+4.3/-3.5 

5.5  

+3.4/-2.4 
0 46.7 33.3 0 0 20 

48743 

(133) 

85.7 

+5.5/-7.1 

10.5 

+6.5/-4.7 

3.8 

+4.8/-2.5 
0 20 60 0 0 20 

48744 

(307) 

87.3 

+3.5/-4.3 

10.1  

+3.9/-3.1 

2.6  

+2.5/-1.5 
0 100 0 0 0 0 

48744 

(151) 

88.1 

+4.7/-6.3 

10.6 

+6.0/-4.4 

1.3 

+3.4/-1.2 
0 100 0 0 0 0 

48745 

(303) 

82.2 

+4.1/-4.8 

11.2 

+4.1/-3.3 

6.6 

+3.4/-2.5 
0 45 15 0 0 40 

48745 

(154) 

81.2 

+5.8/-7.1 

11.7 

+6.2/-4.6 

7.1 

+5.3/-3.5 
0 27.3 27.3 0 0 45.4 

48746 

(281) 

84.7 

+4.0/-4.8 

11.4 

+4.3/-3.5 

3.9 

+3.0/-1.9 
0 36.4 9.1 0 0 54.5 

48746 

(145) 

88.3 

+4.7/-6.4 

9,7 

+6.0/-4.3 

2.1 

+3.9/-1.6 
0 66.7 0 0 0 33.3 
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Sample 

(Number 

of 

grains) 

Quartz 

[%] 

Feldspar 

[%] 

Lithics 

[%] 

Ls, 

psam 

[%] 

Ls, pel 

[%] 

Lv, felsic 

[%] 

Lv, mafic 

[%] 

Lm, 

psam 

[%] 

Lm, 

pel 

[%] 

48747 

(301) 

89.0 

+3.3/-4.1 

6.6 

+3.4/-2.5 

4.3 

+3.0/-2.0 
7.7 61.5 7.7 0 0 23.1 

48747 

(144) 

91.0 

+4.1/-5.9 

6.3 

+5.3/-3.4 

2.8 

+4.2/-2.0 
0 100 0 0 0 0 

33300 

(306) 

78.4 

+4.5/-5.0 

15.0 

+4.5/-3.8 

6.5 

+3.4/-2.5 
5 35 5 0 0 55 

33300 

(149) 

78.5 

+6.3/-7.5 

12.8 

+6.4/-4.9 

8.7 

+5.7/-4.0 
7.7 46.2 7.7 0 0 38.5 

33302 

(243) 

64.2 

+6.0/-6.4 

10.3 

+4.5/-3.5 

25.5 

+6.0/-5.4 
1.6 11.3 9.7 0 0 77.4 

33302 

(121) 

66.1 

+8.4/-9.2 

9.1 

+6.6/-4.5 

24.8 

+8.7/-7.4 
3.3 13.3 10 0 0 73.3 

33302B 

(276) 

69.2 

+5.4/-5.8 

9.1 

+4.0/-3.1 

21.7 

+5.3/-4.7 
0 8.3 3.3 0 0 88.3 

33302B 

(143) 

70.6 

+7.3/-8.2 

9.1 

+6.0/-4.2 

20.3 

+7.5/-6.3 
0 13.8 3.4 0 0 82.8 

33298 

(288) 

65.3 

+5.5/-5.8 

26.4 

+5.5/-5.0 

8.3 

+3.8/-2.9 
0 25 8.3 0 0 66.7 

33298 

(141) 

71.6 

+7.3/-8.2 

21.3 

+7.7/-6.4 

7.1 

+5.6/-3.6 
0 50 10 0 0 40 

61380 

(285) 

90.5 

+3.8/-5.1 

7.9 

+4.8/-3.4 

1.6 

+3.0/-1.3 
0 66.7 0 0 0 33.3 

61380 

(86) 

89.5 

+5.6/-8.5 

8.1 

+7.9/-4.8 

2.3 

+5.8/-2.0 
0 100 0 0 0 0 

NN 

(285) 

86.3 

+3.8/-4.5 

7.7 

+3.7/-2.8 

6.0 

+3.4/-2.5 
17.6 47.1 17.5 5.9 0 11.8 

NN 

(144) 

88.9 

+4.6/-6.3 

7.6 

+5.6/-3.8 

3.5 

+4.4/-2.3 
20 40 20 0 0 20 
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Figure 2: Metapelite fragment in sample 33302B. The magnification is 10x and the scale bar is in  

50 μm. 

 

Most often when the quartz value is different the percentage is mostly made up by a change in feldspar 

content. The worst examples of this are differences of 10-25% lower quartz values, with similar higher 

values in feldspar. This occurs in Subarkose samples 61380, all off 3965X, 48746 and 48747 (Table 

2). A degree of this misidentification is occurring in all samples. I Arkose sample 33298 the only 

occurrence of 0% feldspar in one of the students result appears (Table 2).  

On occasion the change is made up mostly by lithic fragments and not feldspar. In sample 33300 one 

of the students result the quartz value is 58.1% and the lithic fragments value is 38.8% (Table 2). 

Compared to the other students and my results these values are significantly different, which are at 

about 77% quartz and 6% lithic fragments (Table 1 and 2). The feldspar value is also the lowest value 

of any of the results in the sample. Something similar is also seen in one result in sample 33298. In 

these samples the polycrystalline quartz values are on average lower than for the other operators 

(Appendix 2). One student in each sample also had a lower or similar polycrystalline quartz 

percentages than the other students and my result, but did not have low quartz and high lithic fragment 

percentages. This student result in sample 33300 the lithic components were 80% metapsammite and 

20% psammite (Table 2). In sample 33298 the specific student result the lithic components were 65% 

pelite and 25% psammite, and some metapsammite and metapelite (Table 2).  
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Table 2: Student results from point counting as quartz, feldspar, and lithic fragments in % of total 

grains. Lithic fragment types in % of total lithic fragments.  

Sample 

(Number 

of 

grains) 

Quartz 

[%] 

Feldspar 

[%] 
Lithics [%] 

Ls, 

psam 

[%] 

Ls, pel 

[%] 

Lv, felsic 

[%] 

Lv, mafic 

[%] 

Lm, 

psam 

[%] 

Lm, 

pel 

[%] 

33298 

(134) 

82.8 

+6.0/-7.5 

11.9 

+6.7/-5.0 

5.2 

+5.2/-3.1 
0 14.3 14.3 0 0 71.4 

33298 

(322) 

63.4 

+5.3/-5.5 

9.6 

+3.8/-3.0 

27.0 

+5.2/-4.8 
25.3 65.5 0 0 4.6 4.6 

33298 

(168) 

91.7 

+3.7/-5.3 

0.0 

+2.2/-0 

8.3 

+5.3/-3.7 
0 42.9 0 0 0 57.1 

33298 

(237) 

67.9 

+5.9/-6.4 

16.5 

+5.3/-4.5 

15.6 

+5.3/-4.4 
5.4 75.7 0 0 19.0 0 

33298 

(182) 

78.6 

+5.7/-6.7 

20.3 

+6.6/-5.6 

1.1 

+2.8/-1.0 
100 0 0 0 0 0 

33298 

(115) 

78.3 

+7.1/-8.7 

17.4 

+8.2/-6.4 

4.3 

+5.5/-2.9 
0 0 100 0 0 0 

33300 

(86) 

76.7 

+8.4/-10.4 

17.4 

+9.7/-7.3 

5.8 

+7.2/-3.9 
100 0 0 0 0 0 

33300 

(151) 

80.8 

+5.9/-7.2 

15.2 

+6.7/-5.3 

4.0 

+4.5/-2.5 
100 0 0 0 0 0 

33300 

(300) 

73.7 

+4.9/-5.4 

17.7 

+4.8/-4.1 

8.7 

+3.8/-2.9 
0 3.8 0 0 50 46.2 

33300 

(160) 

58.1 

+7.7/-6.8 

3.1 

+4.0/-2.1 

38.8 

+8.0/-7.6 
19.4 0 0 0 80.6 0 

33302 

(98) 

76.5 

+8.0/-9.6 

17.3 

+9.0/-6.9 

6.1 

+6.7/-3.8 
100 0 0 0 0 0 

33302 

(144) 

79.2 

+6.3/-7.6 

7.6 

+5.6/-3.8 

13.2 

+6.6/-5.1 
0 57.9 0 0 0 42.1 

33302B 

(180) 

77.8 

+5.8/-6.8 

7.8 

+4.9/-3.5 

14.4 

+6.0/-4.8 
0 100 0 0 0 0 

33302B 

(177) 

74.6 

+6.2/-7.1 

5.6 

+4.5/-2.9 

19.8 

+7.7/-6.4 
0 100 0 0 0 0 

33302B 

(137) 

74.5 

+7.1/-8.2 

5.1 

+5.1/-3.0 

20.4 

+7.7/-6.4 
0 39.3 0 0 80.7 0 
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Sample 

(Number 

of 

grains) 

Quartz 

[%] 

Feldspar 

[%] 
Lithics [%] 

Ls, 

psam 

[%] 

Ls, pel 

[%] 

Lv, felsic 

[%] 

Lv, mafic 

[%] 

Lm, 

psam 

[%] 

Lm, 

pel 

[%] 

39650 

(170) 

82.9 

+5.3/-6.5 

14.1 

+6.2/-4.9 

2.9 

+3.8/-2.0 
0 60 0 40 0 0 

39650 

(180) 

87.2 

+4.5/-5.8 

8.9 

+5.1/-3.7 

3.9 

+4.0/-2.3 
14.3 14.3 28.6 42.9 0 0 

39650 

(300) 

72.0 

+5.0/-5.4 

22.3 

+5.1/-4.6 

5.7 

+3.3/-2.3 
0 47.1 5.9 0 47.1 0 

39650 

(167) 

94.0 

+3.1/-4.7 

6.0 

+4.7/-3.1 

0.0 

+2.2/-0 
0 0 0 0 0 0 

39650 

(143) 

66.4 

+7.7/-8.4 

23.1 

+7.8/-6.6 

10.5 

+6.2/-4.5 
33.3 0 6.7 26.7 0 33.3 

39650 

(119) 

79.0 

+6.9/-8.4 

19.3 

+8.2/-6.7 

1.7 

+4.3/-1.5 
0 0 0 100 0 0 

39653 

(181) 

76.2 

+6.0/-6.9 

21.0 

+6.7/-5.7 

2.8 

+3.6/-1.9 
0 60 0 0 40 0 

39653 

(69) 

88.4 

+6.5/-10.0 

11.6 

+10.0/-

6.5 

0.0 

+5.2/-0 
0 0 0 0 0 0 

39653 

(266) 

92.1 

+2.9/-3.9 

4.9 

+3.3/-2.3 

3.0 

+2.8/-1.7 
0 100 0 0 0 0 

39653 

(109) 

90.8 

+4.7/-7.1 

9.2 

+7.1/-4.7 

0.0 

+3.3/-0 
0 0 0 0 0 0 

39653 

(193) 

63.7 

+6.8/-7.2 

33.2 

+7.1/-6.6 

3.1 

+3.5/-2.0 
83.3 0 0 0 16.7 0 

39653 

(122) 

79.5 

+6.8/-8.3 

15.6 

+7.7/-5.9 

4.9 

+5.5/-3.1 
50 16.7 0 0 33.3 0 

39653 

(157) 

83.4 

+5.4/-6.8 

14.6 

+6.5/-5.1 

1.9 

+3.6/-1.5 
33.3 0 0 0 66.7 0 

39653 

(162) 

73.5 

+6.6/-7.5 

19.1 

+6.9/-5.7 

7.4 

+5.2/-3.5 
16.7 0 0 0 33.3 50 

39653 

(176) 

80.7 

+5.6/-6.6 

18.8 

+6.6/5.5 

0.6 

+2.6/-0.6 
0 0 0 100 0 0 
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Sample 

(Number 

of 

grains) 

Quartz 

[%] 

Feldspar 

[%] 
Lithics [%] 

Ls, 

psam 

[%] 

Ls, pel 

[%] 

Lv, felsic 

[%] 

Lv, mafic 

[%] 

Lm, 

psam 

[%] 

Lm, 

pel 

[%] 

39654 

(150) 

85.3 

+5.2/-6.7 

12.7 

+6.4/-4.9 

2.0 

+3.7/-1.6 
0 66.7 0 33.3 0 0 

39654 

(301) 

69.1 

+5.2/-5.6 

23.9 

+5.2/-4.7 

7.0 

+3.5/-2.6 
38.1 23.8 9.5 0 28.6 0 

39654 

(150) 

93.3 

+3.4/-5.3 

6.0 

+5.1/-3.2 

0.7 

+3.0/-0.6 
0 0 0 100 0 0 

39654 

(155) 

90.3 

+4.2/-5.8 

9.7 

+5.8/-4.2 

0.0 

+2.4/-0 
0 0 0 0 0 0 

39654 

(196) 

89.3 

+4.0/-5.2 

8.2 

+4.8/-3.4 

2.6 

+3.3/1.7 
0 20 60 0 0 20 

39654 

(149) 

77.9 

+6.4/-7.5 

20.1 

+7.3/-6.1 

2.0 

+3.8/-1.6 
0 0 0 100 0 0 

39654 

(101) 

86.1 

+6.1/-8.3 

11.9 

+8.0/-5.6 

2.0 

+5.0/-1.7 
0 0 0 50 0 50 

39654 

(164) 

80.5 

+5.8/-6.9 

14.0 

+6.3/-4.9 

5.5 

+4.7/-2.9 
55.6 33.3 0 0 0 11.1 

39654 

(173) 

81.5 

+5.5/-6.6 

16.2 

+6.4/-5.2 

2.3 

+3.5/-1.7 
25 50 0 25 0 0 

39656 

(227) 

92.5 

+3.1/-4.2 

5.3 

+3.8/-2.5 

2.2 

+2.9/-1.5 
0 60 20 20 0 0 

39656 

(294) 

76.2 

+4.8/-5.3 

17.7 

+4.9/-4.2 

6.1 

+3.4/-2.5 
61.1 5.6 0 0 0 33.3 

39656 

(150) 

91.3 

+4.0/-5.7 

8.7 

+5.7/-4.0 

0.0 

+2.4/-0 
0 0 0 0 0 0 

39656 

(104) 

92.3 

+4.3/-6.9 

7.7 

+6.9/-4.3 

0.0 

+3.5/-0 
0 0 0 0 0 0 

39656 

(163) 

92.0 

+3.7/-5.3 

4.3 

+4.4/-2.6 

3.7 

+4.2/-2.3 
33.3 66.7 0 0 0 0 

48743 

(242) 

80.2 

+4.8/-5.6 

18.2 

+5.4/-4.6 

1.7 

+2.5/-1.2 
0 0 100 0 0 0 

48743 

(150) 

86.7 

+5.0/-6.5 

13.3 

+6.5/-5.0 

0.0 

+2.4/-0 
0 0 0 0 0 0 
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Sample 

(Number 

of 

grains) 

Quartz 

[%] 

Feldspar 

[%] 
Lithics [%] 

Ls, 

psam 

[%] 

Ls, pel 

[%] 

Lv, felsic 

[%] 

Lv, mafic 

[%] 

Lm, 

psam 

[%] 

Lm, 

pel 

[%] 

48743 

(225) 

74.7 

+5.5/-6.2 

16.9 

+5.5/-4.7 

8.4 

+4.4/-3.3 
47.4 21.1 0 5.3 0 26.3 

48743 

(212) 

76.9 

+5.5/-6.3 

17.0 

+5.7/-4.8 

6.1 

+4.1/-2.8 
7.7 7.7 61.5 0 7.7 15.4 

48743 

(287) 

82.6 

+4.2/-4.9 

14.6 

+4.6/-3.9 

2.8 

+2.6/-1.6 
0 0 62.5 12.5 0 25 

48744 

(202) 

82.2 

+5.0/-6.0 

9.9 

+5.0/-3.7 

7.9 

+4.6/-3.3 
6.3 6.3 0 18.8 50 18.8 

48744 

(199) 

82.4 

+5.0/-6.0 

17.1 

+6.0/-5.0 

0.5 

+2.3/-0.5 
0 100 0 0 0 0 

48744 

(168) 

86.3 

+4.8/-6.1 

11.3 

+5.8/-4.4 

2.4 

+3.6/-1.7 
0 0 75 0 25 0 

48744 

(250) 

76.0 

+5.2/-5.8 

16.8 

+5.2/-4.4 

7.2 

+3.9/-2.9 
16.7 11.1 0 11.1 16.7 44.4 

48745 

(164) 

86.6 

+4.8/-6.2 

12.8 

+6.1/-4.7 

0.6 

+2.7/-0.6 
0 0 0 100 0 0 

48745 

(150) 

88.0 

+4.7/-6.3 

8.0 

+5.6/-3.8 

4.0 

+4.5/-2.5 
0 100 0 0 0 0 

48745 

(150) 

96.7 

+2.2/-4.3 

3.3 

+4.3/-2.2 

0.0 

+2.4/-0 
0 0 0 0 0 0 

48745 

(152) 

80.3 

+6.0/-7.2 

8.6 

+5.6/-3.9 

11.2 

+6.1/-4.5 
0 5.9 76.5 17.6 0 0 

48745 

(297) 

80.5 

+4.4/-5.0 

14.5 

+4.5/-3.8 

5.1 

+3.1/-2.2 
20 13.3 0 0 40 26.7 

48745 

(149) 

92.6 

+3.6/-5.4 

6.7 

+5.3/-3.4 

0.7 

+3.0/-0.7 
0 0 0 100 0 0 

48746 

(150) 

91.3 

+4.0/-5.7 

8.7 

+5.7/-4.0 

0.0 

+2.4/-0 
0 0 0 0 0 0 

48746 

(202) 

75.7 

+5.7/-6.5 

19.8 

+6.2/-5.3 

4.5 

+3.8/-2.4 
0 44.4 0 0 55.6 0 

48746 

(191) 

71.2 

+6.3/-7.0 

28.3 

+7.0/-6.3 

0.5 

+2.4/-0.5 
0 0 0 100 0 0 
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Sample 

(Number 

of 

grains) 

Quartz 

[%] 

Feldspar 

[%] 
Lithics [%] 

Ls, 

psam 

[%] 

Ls, pel 

[%] 

Lv, felsic 

[%] 

Lv, mafic 

[%] 

Lm, 

psam 

[%] 

Lm, 

pel 

[%] 

48746 

(154) 

85.7 

+5.1/-6.5 

13.0 

+6.4/-4.9 

1.3 

+3.3/-1.1 
50 0 50 0 0 0 

48746 

(185) 

82.7 

+5.2/-6.2 

4.9 

+4.2/-2.6 

12.4 

+5.6/-4.4 
0 52.2 0 0 26.1 21.7 

48746 

(200) 

77.0 

+5.6/-6.5 

12.5 

+5.4/-4.2 

10.5 

+5.1/3.9 
23.8 4.8 0 28.6 33.3 9.5 

48747 

(200) 

95.0 

+2.6/-4.0 

3.5 

+3.6/-2.1 

1.5 

+2.8/-1.2 
0 0 0 100 0 0 

48747 

(183) 

88.0 

+4.3/-4.0 

10.4 

+5.4/-4.0 

1.6 

+3.1/-1.3 
0 66.7 33.3 0 0 0 

48747 

(219) 

67.6 

+6.2/-6.6 

20.5 

+6.0/-5.1 

11.9 

+5.0/-4.0 
0 30.8 0 0 0 69.2 

61380 

(97) 

86.6 

+6.1/-8.4 

11.3 

+8.0/-5.5 

2.1 

+5.2/-1.8 
0 0 0 0 100 0 

61380 

(343) 

57.4 

+5.3/-5.4 

42.0 

+5.4/-5.3 

0.6 

+1.5/-0.5 
0 0 0 0 100 0 

NN  

(154) 

77.9 

+6.3/-7.4 

13.0 

+6.4/-4.9 

9.1 

+5.7/-4.0 
14.3 50 7.1 28.6 0 0 

NN 

(151) 

88.7 

+4.6/-6.2 

7.3 

+5.4/-3.6 

4.0 

+4.5/-2.5 
16.7 66.7 0 0 16.7 0 
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Figure 2: 
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From the Figures 1-3 the outlying results are easily spotted. The samples with the most outlying 

results are 61380, 48747, and 33300. To a lesser degree samples 33302, 39650, 39653 and 39654 also 

have outlying results. In samples 48746 and 33298 all results vary.  

 

 

 

 

 

 

 

 

 

Figure 3: QFl diagrams displaying my results after both 200 and 400 points, and all student results. 
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33298 

  
   

61380 

  
   

NN 

  
 

Figure 4: Pictures of every thin section taken in a microscope. In both plane polarised and cross 

polarised light. Picture are taken with 10x magnification, and the scale bar reads 50 µm. 

 

Sample 61380 has the largest local changes in thin section. It shows local differences in composition. 

It’s observed that grain size, hematite cement and porosity changes in an area that covers 

approximately 20% of the thin section (Figure 4). This is the sample with the most obvious local 

differences. Other local differences are observed in the 3965X series of samples, showing areas of 

increased cementation (Figure 4).  
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Table 3: Compositional variability calculated for main components, cement, porosity and calcite 

cement. 

Sample 
Compositional variability 

Main components Cement Porosity 
Calcite 
cement 

33302B 0.036 0.193 0.045 0.057 

NN 0.050 0.007 0.003 0.006 

48744 0.152 0.040 0.033 0.117 

33302 0.189 0.003 0.002 0.010 

48743 0.202 0.130 0.069 0.133 

39656 0.260 0.102 0.090 0.004 

48747 0.358 0.051 0.103 0.001 

48745 0.365 0.134 0.067 0.219 

39650 0.411 0.206 0.178 0.091 

39654 0.409 0.245 0.153 0.083 

61380 0.437 0.025 0.008 0.056 

48746 0.600 0.109 0.031 0.031 

39653 0.615 0.217 0.458 0.243 

33300 0.822 0.117 0.097 0.047 

33298 0.839 0.187 0.096 0.053 

 

The compositional variability is best in Sub-litharenite and Feldspathic-litharenite samples. The 

Arkose sample has the least consistent results between operators. Subarkose samples varies and has 

both some of the most consistent but also some of the least consistent results between operators  

(Table 3). Using the main components percentages (Table 1) with the compositional variability (Table 

4) indicates that on average the topmost homogenous samples have higher lithic components and less 

feldspar. Quartz percentages are similar between the top half and bottom half.  

The calculation is also done on cement, porosity and calcite. Samples with the most similar cement 

results are 33302 and NN. The least similar are samples 39654, 39653 and 39650. For porosity the 

most similar are NN and 61380, the least are 39653. For calcite the most similar are 48747, 39656 and 

NN, the least are 39653 and 48745 (Table 3). Cement and porosity percentages (Appendix 1 and 2) 

slightly indicates that a lower percentage gives better compositional variability for main components. 

For calcite it is the opposite.    

Calculating the average compositional variability for those samples stained and those not for both 

porosity and calcite gives result in Table 4. 
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Table 4: Mean compositional values for porosity and calcite, for samples stained and not stained.  

 Stained Not stained 

Porosity 0.113 0.061 

Calcite 0.077 0.076 

 

The mean compositional values for porosity are higher for stained than unstained thin sections. This is 

due to the stained sample 39653 where the different in porosity are large. Porosity varies between 2 

and 30% between operators in this sample (Appendix 2). If it were not for sample 39653 the mean 

value would be 0.075, still larger than for those not stained. For calcite the difference is insignificant. 

 

Interpretations 

The observed difference between quartz and feldspar is probably due to confusion in the identification 

of these two minerals. Feldspar and quartz can be difficult to distinguish, mostly when feldspar shows 

no twins. Without twins the identification relies on shape, colour, and relief. This is not always clear, 

and it is likely all operators have misidentified quartz and feldspar to a degree. Due to this the skill of 

the operator is a determining factor for the operator bias. This can cause the thin section to be 

classified differently by different operators. 

Something similar was observed between polycrystalline quarts and lithic fragments in two samples. 

With most of the lithic components being psammite, metapsammite and pelite in these two samples, it 

is possible that polycrystalline quartz was misidentified as these lithic fragments by these two 

students.  

Lithic fragment percentages for the students are generally lower than my results, this contradicts the 

theory that my results should have lower percentages due to the selected method. Ingersoll et al. 

(1984) tested the Gazzi-Dickinson method and found that it gave results with less lithic fragments, 

tested against a method that counted all rock fragments as such. A similar logic can be used here, due 

to the method used by students should result in higher lithic fragments. This means that the lower 

lithic fragment percentages in the student result are due to misidentification.  

Count length is a factor that contributes to different results. This is partly due to local differences in 

the samples. This is what can have created the difference between my results after 200 and 400 points. 

Due to my 200-point count only covers half the area counted, local variations in the two half’s gives 

different results. Due to the students doing the point count manually, the number of counted points 

determine how big of an area of the sample is counted. A lesser number of points counted would cover 

a smaller area of the sample and would therefore be more affected by local differences than a count 
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with more points. The results show this in my results between 200 and 400 points. For the students 

counts with a low number of grains counted give no obvious negative differences in the results, apart 

from a larger uncertainty. Counting 300 grains should in theory give results that are more accurate 

than with fewer counts, as observed this is not always the case. Point counting more than 300 grains 

manually takes a long time. It is possible this could lead to more mistakes, due to fatigue or 

physiological state (Demirmen, 1972). 

Stained thin sections makes it easier to identify calcite and porosity. Would have assumed this would 

affect the operator bias in favour of those samples stained. The results do not agree with this. As 

staining is supposed to help identify porosity it is curious why there is a negative difference. Possibly 

such factors as area counted or illite concentration in the pores could affect the results. In sample 

39653 with the wide range of porosity percentages it is also uncertain why the difference is so large. 

This large difference is not observed in the similar 3965X series of samples. It appears that 

misidentification of calcite is not affected by staining, but that to some degree staining for porosity 

gives more operator bias for porosity.  

Cement percentage affects the consistency of the main component results possibly due to it being 

more difficult to identify than the main components. So that a lower percentage would mean a better 

result for the main components. The opposite could be true for calcite. As for porosity the operators 

must determine if the porosity is originally from the rock or if the process of making the thin section 

have created holes. Therefore, some operators might count the point as porosity whilst others would 

skip counting that point.      

 

Conclusions 

In conclusion results from different operators can not accurately be used to determine the composition. 

The bias mainly lies in misidentification of quartz and feldspar. Lithic fragments and polycrystalline 

quartz can affect the bias in rare occurrences. Lithic fragment identification in student result seems to 

have been challenging, giving less percentages than in theory. These factors rely on the skill of the 

operator. This can lead to the thin section to be classified differently between multiple operators. 

Count length seams to give negative result for the students with high point counts. Also, the count 

length and the distance between points need to be chosen carefully to avoid local changes in the 

sample affecting the result. Staining of thin sections does not affect the bias in major ways, but for 

porosity the stained thin sections have results slightly less consistent than those unstained. Operator 

bias is less affected in samples with high lithic fragments and low feldspar values. Lower percentages 

for cement, porosity, and higher percentages for calcite cement, does to a less extent affect the 

operator bias in a positive way. All these factors make it so that results between multiple operators 

cannot reliably be used in the classification of rocks.   
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Appendix 1 

Tables A1-A30 are the full thin section protocol for my results, and is used in the results. 

Table A1: Thin section protocol for sample 33298 after 400 points 

Sample: 33298  Total Points: 400 Total Grains: 288   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 43 10,8 14,9  Q_cement 19 4,8 

Quartz_m, non-undulatory 96 24,0 33,3  Calcite_cement 12 3,0 

Quartz_p, 2-3 17 4,3 5,9  Carbonate_cement 15 3,8 

Quartz_p, > 3 30 7,5 10,4  Anhydrite  0,0 

Chert 2 0,5 0,7  Gypsum  0,0 

Sum Quartz 188 47,0 65,3  Hematite  0,0 

Plagioclase 6 1,5 2,1  Illite  0,0 

Alkalifeldspar 70 17,5 24,3  Kaolinite 2 0,5 

Sum Feldspar 76 19,0 26,4  Smectite  0,0 

L_s, psam 6 1,5 2,1  Sum cement 48 12,0 

L_s, pel  0,0 0,0  Matrix 33 8,3 

L_v, felsic 2 0,5 0,7  Porosity_inter 7 1,8 

L_v, mafic  0,0 0,0  Porosity_intra 21 5,3 

L_m, psam  0,0 0,0  Muscovite 2 0,5 

L_m, pel 16 4,0 5,6  Biotite  0,0 

Sum Lithic Fragments 24 6,0 8,3  Opaque minerals 1 0,3 

Table A2: Thin section protocol for sample 33298 after 200 points 

Sample: 33298  Total Points: 200 Total Grains: 141   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 16 8,0 11,3  Q_cement 9 4,5 

Quartz_m, non-undulatory 63 31,5 44,7  Calcite_cement 5 2,5 

Quartz_p, 2-3 7 3,5 5,0  Carbonate_cement 7 3,5 

Quartz_p, > 3 14 7,0 9,9  Anhydrite  0,0 

Chert 1 0,5 0,7  Gypsum  0,0 

Sum Quartz 101 50,5 71,6  Hematite  0,0 

Plagioclase 2 1,0 1,4  Illite  0,0 

Alkalifeldspar 28 14,0 19,9  Kaolinite 2 1,0 

Sum Feldspar 30 15,0 21,3  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 23 11,5 

L_s, pel 5 2,5 3,5  Matrix 18 9,0 

L_v, felsic 1 0,5 0,7  Porosity_inter 5 2,5 

L_v, mafic  0,0 0,0  Porosity_intra 12 6,0 

L_m, psam  0,0 0,0  Muscovite 1 0,5 

L_m, pel 4 2,0 2,8  Biotite  0,0 

Sum Lithic Fragments 10 5,0 7,1  Opaque minerals  0,0 
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Table A3: Thin section protocol for sample 33300 after 399 points 

Sample: 33300  Total Points: 399 Total Grains: 306   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 70 17,5 22,9  Q_cement 18 4,5 

Quartz_m, non-undulatory 120 30,1 39,2  Calcite_cement 12 3,0 

Quartz_p, 2-3 15 3,8 4,9  Carbonate_cement  0,0 

Quartz_p, > 3 33 8,3 10,8  Anhydrite  0,0 

Chert 2 0,5 0,7  Gypsum  0,0 

Sum Quartz 240 60,2 78,4  Hematite  0,0 

Plagioclase 1 0,3 0,3  Illite 2 0,5 

Alkalifeldspar 45 11,3 14,7  Kaolinite 3 0,8 

Sum Feldspar 46 11,5 15,0  Smectite  0,0 

L_s, psam 1 0,3 0,3  Sum cement 35 8,8 

L_s, pel 7 1,8 2,3  Matrix 28 7,0 

L_v, felsic 1 0,3 0,3  Porosity_inter 10 2,5 

L_v, mafic  0,0 0,0  Porosity_intra 14 3,5 

L_m, psam  0,0 0,0  Muscovite 6 1,5 

L_m, pel 11 2,8 3,6  Biotite  0,0 

Sum Lithic Fragments 20 5,0 6,5  Opaque minerals  0,0 

 

Table A4: Thin section protocol for sample 33300 after 199 points 

Sample: 33300  Total Points: 199 Total Grains: 149   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 35 17,6 23,5  Q_cement 11 5,5 

Quartz_m, non-undulatory 58 29,1 38,9  Calcite_cement 7 3,5 

Quartz_p, 2-3 6 3,0 4,0  Carbonate_cement  0,0 

Quartz_p, > 3 17 8,5 11,4  Anhydrite  0,0 

Chert 1 0,5 0,7  Gypsum  0,0 

Sum Quartz 117 58,8 78,5  Hematite  0,0 

Plagioclase  0,0 0,0  Illite 1 0,5 

Alkalifeldspar 19 9,5 12,8  Kaolinite 3 1,5 

Sum Feldspar 19 9,5 12,8  Smectite  0,0 

L_s, psam 1 0,5 0,7  Sum cement 22 11,1 

L_s, pel 6 3,0 4,0  Matrix 14 7,0 

L_v, felsic 1 0,5 0,7  Porosity_inter 2 1,0 

L_v, mafic  0,0 0,0  Porosity_intra 9 4,5 

L_m, psam  0,0 0,0  Muscovite 3 1,5 

L_m, pel 5 2,5 3,4  Biotite  0,0 

Sum Lithic Fragments 13 6,5 8,7  Opaque minerals  0,0 
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Table A5: Thin section protocol for sample 33302 after 400 points 

Sample: 33302  Total Points: 400 Total Grains: 243   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 49 12,3 20,2  Q_cement 14 3,5 

Quartz_m, non-undulatory 88 22,0 36,2  Calcite_cement 23 5,8 

Quartz_p, 2-3 3 0,8 1,2  Carbonate_cement  0,0 

Quartz_p, > 3 16 4,0 6,6  Anhydrite  0,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 156 39,0 64,2  Hematite  0,0 

Plagioclase 6 1,5 2,5  Illite  0,0 

Alkalifeldspar 19 4,8 7,8  Kaolinite 1 0,3 

Sum Feldspar 25 6,3 10,3  Smectite  0,0 

L_s, psam 1 0,3 0,4  Sum cement 38 9,5 

L_s, pel 7 1,8 2,9  Matrix 47 11,8 

L_v, felsic 6 1,5 2,5  Porosity_inter 22 5,5 

L_v, mafic  0,0 0,0  Porosity_intra 44 11,0 

L_m, psam  0,0 0,0  Muscovite 4 1,0 

L_m, pel 48 12,0 19,8  Biotite  0,0 

Sum Lithic Fragments 62 15,5 25,5  Opaque minerals 2 0,5 

 

Table A6: Thin section protocol for sample 33302 after 200 points 

Sample: 33302  Total Points: 200 Total Grains: 121   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 12 6,0 9,9  Q_cement 7 3,5 

Quartz_m, non-undulatory 57 28,5 47,1  Calcite_cement 8 4,0 

Quartz_p, 2-3 3 1,5 2,5  Carbonate_cement  0,0 

Quartz_p, > 3 8 4,0 6,6  Anhydrite  0,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 80 40,0 66,1  Hematite  0,0 

Plagioclase 5 2,5 4,1  Illite  0,0 

Alkalifeldspar 6 3,0 5,0  Kaolinite  0,0 

Sum Feldspar 11 5,5 9,1  Smectite  0,0 

L_s, psam 1 0,5 0,8  Sum cement 15 7,5 

L_s, pel 4 2,0 3,3  Matrix 23 11,5 

L_v, felsic 3 1,5 2,5  Porosity_inter 15 7,5 

L_v, mafic  0,0 0,0  Porosity_intra 26 13,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 22 11,0 18,2  Biotite  0,0 

Sum Lithic Fragments 30 15,0 24,8  Opaque minerals  0,0 

 

 



Page 31 of 78 
 

Table A7: Thin section protocol for sample 33302B after 400 points 

Sample: 33302B  Total Points: 400 Total Grains: 276   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 54 13,5 19,6  Q_cement 10 2,5 

Quartz_m, non-undulatory 100 25,0 36,2  Calcite_cement 27 6,8 

Quartz_p, 2-3 8 2,0 2,9  Carbonate_cement  0,0 

Quartz_p, > 3 29 7,3 10,5  Anhydrite  0,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 191 47,8 69,2  Hematite  0,0 

Plagioclase 3 0,8 1,1  Illite  0,0 

Alkalifeldspar 22 5,5 8,0  Kaolinite 1 0,3 

Sum Feldspar 25 6,3 9,1  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 38 9,5 

L_s, pel 5 1,3 1,8  Matrix 55 13,8 

L_v, felsic 2 0,5 0,7  Porosity_inter 7 1,8 

L_v, mafic  0,0 0,0  Porosity_intra 19 4,8 

L_m, psam  0,0 0,0  Muscovite 2 0,5 

L_m, pel 53 13,3 19,2  Biotite  0,0 

Sum Lithic Fragments 60 15,0 21,7  Opaque minerals 3 0,8 

 

Table A8: Thin section protocol for sample 33302B after 200 points 

Sample: 33302B  Total Points: 200 Total Grains: 143   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 32 16,0 22,4  Q_cement 3 1,5 

Quartz_m, non-undulatory 50 25,0 35,0  Calcite_cement 13 6,5 

Quartz_p, 2-3 4 2,0 2,8  Carbonate_cement  0,0 

Quartz_p, > 3 15 7,5 10,5  Anhydrite  0,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 101 50,5 70,6  Hematite  0,0 

Plagioclase 2 1,0 1,4  Illite  0,0 

Alkalifeldspar 11 5,5 7,7  Kaolinite  0,0 

Sum Feldspar 13 6,5 9,1  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 16 8,0 

L_s, pel 4 2,0 2,8  Matrix 29 14,5 

L_v, felsic 1 0,5 0,7  Porosity_inter 1 0,5 

L_v, mafic  0,0 0,0  Porosity_intra 9 4,5 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 24 12,0 16,8  Biotite  0,0 

Sum Lithic Fragments 29 14,5 20,3  Opaque minerals 2 1,0 
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Table A9: Thin section protocol for sample 39650 after 400 points 

Sample: 39650  Total Points: 400 Total Grains: 307   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 69 17,3 22,5  Q_cement 28 7,0 

Quartz_m, non-undulatory 168 42,0 54,7  Calcite_cement 7 1,8 

Quartz_p, 2-3 11 2,8 3,6  Carbonate_cement 1 0,3 

Quartz_p, > 3 11 2,8 3,6  Anhydrite 2 0,5 

Chert 1 0,3 0,3  Gypsum 1 0,3 

Sum Quartz 260 65,0 84,7  Hematite  0,0 

Plagioclase 20 5,0 6,5  Illite  0,0 

Alkalifeldspar 17 4,3 5,5  Kaolinite  0,0 

Sum Feldspar 37 9,3 12,1  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 39 9,8 

L_s, pel 6 1,5 2,0  Matrix 22 5,5 

L_v, felsic 4 1,0 1,3  Porosity_inter 28 7,0 

L_v, mafic  0,0 0,0  Porosity_intra 4 1,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel  0,0 0,0  Biotite  0,0 

Sum Lithic Fragments 10 2,5 3,3  Opaque minerals  0,0 

 

Table A10: Thin section protocol for sample 39650 after 200 points 

Sample: 39650  Total Points: 200 Total Grains: 148   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 30 15,0 20,3  Q_cement 24 12,0 

Quartz_m, non-undulatory 87 43,5 58,8  Calcite_cement 1 0,5 

Quartz_p, 2-3 7 3,5 4,7  Carbonate_cement  0,0 

Quartz_p, > 3 5 2,5 3,4  Anhydrite  0,0 

Chert 1 0,5 0,7  Gypsum  0,0 

Sum Quartz 130 65,0 87,8  Hematite  0,0 

Plagioclase 9 4,5 6,1  Illite  0,0 

Alkalifeldspar 3 1,5 2,0  Kaolinite  0,0 

Sum Feldspar 12 6,0 8,1  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 25 12,5 

L_s, pel 3 1,5 2,0  Matrix 11 5,5 

L_v, felsic 3 1,5 2,0  Porosity_inter 15 7,5 

L_v, mafic  0,0 0,0  Porosity_intra 1 0,5 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel  0,0 0,0  Biotite  0,0 

Sum Lithic Fragments 6 3,0 4,1  Opaque minerals  0,0 
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Table A11: Thin section protocol for sample 39653 after 400 points 

Sample: 39653  Total Points: 399 Total Grains: 278   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 110 27,6 39,6  Q_cement 23 5,8 

Quartz_m, non-undulatory 119 29,8 42,8  Calcite_cement 11 2,8 

Quartz_p, 2-3 3 0,8 1,1  Carbonate_cement 4 1,0 

Quartz_p, > 3 8 2,0 2,9  Anhydrite 6 1,5 

Chert 1 0,3 0,4  Gypsum 1 0,3 

Sum Quartz 241 60,4 86,7  Hematite  0,0 

Plagioclase 16 4,0 5,8  Illite 2 0,5 

Alkalifeldspar 13 3,3 4,7  Kaolinite  0,0 

Sum Feldspar 29 7,3 10,4  Smectite  0,0 

L_s, psam 1 0,3 0,4  Sum cement 47 11,8 

L_s, pel 4 1,0 1,4  Matrix 23 5,8 

L_v, felsic 2 0,5 0,7  Porosity_inter 49 12,3 

L_v, mafic  0,0 0,0  Porosity_intra 2 0,5 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 1 0,3 0,4  Biotite  0,0 

Sum Lithic Fragments 8 2,0 2,9  Opaque minerals  0,0 

 

Table A12: Thin section protocol for sample 39653 after 200 points 

Sample: 39653  Total Points: 200 Total Grains: 135   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 52 26,0 38,5  Q_cement 12 6,0 

Quartz_m, non-undulatory 59 29,5 43,7  Calcite_cement 4 2,0 

Quartz_p, 2-3 2 1,0 1,5  Carbonate_cement 2 1,0 

Quartz_p, > 3 4 2,0 3,0  Anhydrite 2 1,0 

Chert  0,0 0,0  Gypsum 1 0,5 

Sum Quartz 117 58,5 86,7  Hematite  0,0 

Plagioclase 9 4,5 6,7  Illite 2 1,0 

Alkalifeldspar 5 2,5 3,7  Kaolinite  0,0 

Sum Feldspar 14 7,0 10,4  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 23 11,5 

L_s, pel 3 1,5 2,2  Matrix 11 5,5 

L_v, felsic 1 0,5 0,7  Porosity_inter 31 15,5 

L_v, mafic  0,0 0,0  Porosity_intra  0,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel  0,0 0,0  Biotite  0,0 

Sum Lithic Fragments 4 2,0 3,0  Opaque minerals  0,0 
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Table A13: Thin section protocol for sample 39654 after 400 points 

Sample: 39654  Total Points: 400 Total Grains: 293   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 90 22,5 30,7  Q_cement 25 6,3 

Quartz_m, non-undulatory 144 36,0 49,1  Calcite_cement 5 1,3 

Quartz_p, 2-3 5 1,3 1,7  Carbonate_cement 2 0,5 

Quartz_p, > 3 14 3,5 4,8  Anhydrite 15 3,8 

Chert  0,0 0,0  Gypsum 6 1,5 

Sum Quartz 253 63,3 86,3  Hematite  0,0 

Plagioclase 15 3,8 5,1  Illite  0,0 

Alkalifeldspar 13 3,3 4,4  Kaolinite  0,0 

Sum Feldspar 28 7,0 9,6  Smectite  0,0 

L_s, psam 2 0,5 0,7  Sum cement 53 13,3 

L_s, pel 3 0,8 1,0  Matrix 13 3,3 

L_v, felsic 3 0,8 1,0  Porosity_inter 39 9,8 

L_v, mafic 1 0,3 0,3  Porosity_intra 2 0,5 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 3 0,8 1,0  Biotite  0,0 

Sum Lithic Fragments 12 3,0 4,1  Opaque minerals  0,0 

 

Table A14: Thin section protocol for sample 39654 after 200 points 

Sample: 39654  Total Points: 200 Total Grains: 142   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 52 26,0 36,6  Q_cement 9 4,5 

Quartz_m, non-undulatory 63 31,5 44,4  Calcite_cement 1 0,5 

Quartz_p, 2-3  0,0 0,0  Carbonate_cement 2 1,0 

Quartz_p, > 3 7 3,5 4,9  Anhydrite 14 7,0 

Chert  0,0 0,0  Gypsum 5 2,5 

Sum Quartz 122 61,0 85,9  Hematite  0,0 

Plagioclase 6 3,0 4,2  Illite  0,0 

Alkalifeldspar 8 4,0 5,6  Kaolinite  0,0 

Sum Feldspar 14 7,0 9,9  Smectite  0,0 

L_s, psam 2 1,0 1,4  Sum cement 31 15,5 

L_s, pel 1 0,5 0,7  Matrix 8 4,0 

L_v, felsic 2 1,0 1,4  Porosity_inter 18 9,0 

L_v, mafic  0,0 0,0  Porosity_intra 1 0,5 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 1 0,5 0,7  Biotite  0,0 

Sum Lithic Fragments 6 3,0 4,2  Opaque minerals  0,0 
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Table A15: Thin section protocol for sample 39656 after 400 points 

Sample: 39656  Total Points: 398 Total Grains: 284   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 92 23,1 32,4  Q_cement 20 5,0 

Quartz_m, non-undulatory 142 35,7 50,0  Calcite_cement 16 4,0 

Quartz_p, 2-3 1 0,3 0,4  Carbonate_cement 1 0,3 

Quartz_p, > 3 9 2,3 3,2  Anhydrite 3 0,8 

Chert  0,0 0,0  Gypsum 6 1,5 

Sum Quartz 244 61,3 85,9  Hematite  0,0 

Plagioclase 17 4,3 6,0  Illite  0,0 

Alkalifeldspar 13 3,3 4,6  Kaolinite  0,0 

Sum Feldspar 30 7,5 10,6  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 46 11,6 

L_s, pel 4 1,0 1,4  Matrix 22 5,5 

L_v, felsic 3 0,8 1,1  Porosity_inter 42 10,6 

L_v, mafic 1 0,3 0,4  Porosity_intra 4 1,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 2 0,5 0,7  Biotite  0,0 

Sum Lithic Fragments 10 2,5 3,5  Opaque minerals  0,0 

 

Table A16: Thin section protocol for sample 39656 after 200 points 

Sample: 39656  Total Points: 200 Total Grains: 153   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 46 23,0 30,1  Q_cement 11 5,5 

Quartz_m, non-undulatory 79 39,5 51,6  Calcite_cement 4 2,0 

Quartz_p, 2-3 1 0,5 0,7  Carbonate_cement  0,0 

Quartz_p, > 3 6 3,0 3,9  Anhydrite 2 1,0 

Chert  0,0 0,0  Gypsum 1 0,5 

Sum Quartz 132 66,0 86,3  Hematite  0,0 

Plagioclase 9 4,5 5,9  Illite 1 0,5 

Alkalifeldspar 9 4,5 5,9  Kaolinite  0,0 

Sum Feldspar 18 9,0 11,8  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 19 9,5 

L_s, pel  0,0 0,0  Matrix 10 5,0 

L_v, felsic 2 1,0 1,3  Porosity_inter 18 9,0 

L_v, mafic  0,0 0,0  Porosity_intra  0,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 1 0,5 0,7  Biotite  0,0 

Sum Lithic Fragments 3 1,5 2,0  Opaque minerals  0,0 
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Table A17: Thin section protocol for sample 48743 after 400 points 

Sample: 48743  Total Points: 400 Total Grains: 272   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 98 24,5 36,0  Q_cement 11 2,8 

Quartz_m, non-undulatory 103 25,8 37,9  Calcite_cement 72 18,0 

Quartz_p, 2-3 12 3,0 4,4  Carbonate_cement  0,0 

Quartz_p, > 3 13 3,3 4,8  Anhydrite  0,0 

Chert 1 0,3 0,4  Gypsum  0,0 

Sum Quartz 227 56,8 83,5  Hematite  0,0 

Plagioclase 16 4,0 5,9  Illite  0,0 

Alkalifeldspar 14 3,5 5,1  Kaolinite  0,0 

Sum Feldspar 30 7,5 11,0  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 83 20,8 

L_s, pel 7 1,8 2,6  Matrix 25 6,3 

L_v, felsic 5 1,3 1,8  Porosity_inter 5 1,3 

L_v, mafic  0,0 0,0  Porosity_intra 11 2,8 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 3 0,8 1,1  Biotite 3 0,8 

Sum Lithic Fragments 15 3,8 5,5  Opaque minerals 1 0,3 

 

Table A18: Thin section protocol for sample 48743 after 200 points 

Sample: 48743  Total Points: 200 Total Grains: 133   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 51 25,5 38,3  Q_cement 7 3,5 

Quartz_m, non-undulatory 49 24,5 36,8  Calcite_cement 37 18,5 

Quartz_p, 2-3 6 3,0 4,5  Carbonate_cement  0,0 

Quartz_p, > 3 7 3,5 5,3  Anhydrite  0,0 

Chert 1 0,5 0,8  Gypsum  0,0 

Sum Quartz 114 57,0 85,7  Hematite  0,0 

Plagioclase 8 4,0 6,0  Illite  0,0 

Alkalifeldspar 6 3,0 4,5  Kaolinite  0,0 

Sum Feldspar 14 7,0 10,5  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 44 22,0 

L_s, pel 1 0,5 0,8  Matrix 14 7,0 

L_v, felsic 3 1,5 2,3  Porosity_inter 2 1,0 

L_v, mafic  0,0 0,0  Porosity_intra 6 3,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 1 0,5 0,8  Biotite 1 0,5 

Sum Lithic Fragments 5 2,5 3,8  Opaque minerals  0,0 
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Table A19: Thin section protocol for sample 48744 after 400 points 

Sample: 48744  Total Points: 400 Total Grains: 307   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 134 33,5 43,6  Q_cement 18 4,5 

Quartz_m, non-undulatory 116 29,0 37,8  Calcite_cement 17 4,3 

Quartz_p, 2-3 5 1,3 1,6  Carbonate_cement  0,0 

Quartz_p, > 3 13 3,3 4,2  Anhydrite 4 1,0 

Chert  0,0 0,0  Gypsum 1 0,3 

Sum Quartz 268 67,0 87,3  Hematite 6 1,5 

Plagioclase 22 5,5 7,2  Illite  0,0 

Alkalifeldspar 9 2,3 2,9  Kaolinite  0,0 

Sum Feldspar 31 7,8 10,1  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 46 11,5 

L_s, pel 8 2,0 2,6  Matrix 18 4,5 

L_v, felsic  0,0 0,0  Porosity_inter 20 5,0 

L_v, mafic  0,0 0,0  Porosity_intra 9 2,3 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel  0,0 0,0  Biotite  0,0 

Sum Lithic Fragments 8 2,0 2,6  Opaque minerals  0,0 

 

Table A20: Thin section protocol for sample 48744 after 200 points 

Sample: 48744  Total Points: 200 Total Grains: 151   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 71 35,5 47,0  Q_cement 8 4,0 

Quartz_m, non-undulatory 55 27,5 36,4  Calcite_cement 8 4,0 

Quartz_p, 2-3 2 1,0 1,3  Carbonate_cement  0,0 

Quartz_p, > 3 5 2,5 3,3  Anhydrite 1 0,5 

Chert  0,0 0,0  Gypsum 1 0,5 

Sum Quartz 133 66,5 88,1  Hematite 3 1,5 

Plagioclase 11 5,5 7,3  Illite  0,0 

Alkalifeldspar 5 2,5 3,3  Kaolinite  0,0 

Sum Feldspar 16 8,0 10,6  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 21 10,5 

L_s, pel 2 1,0 1,3  Matrix 11 5,5 

L_v, felsic  0,0 0,0  Porosity_inter 11 5,5 

L_v, mafic  0,0 0,0  Porosity_intra 6 3,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel  0,0 0,0  Biotite  0,0 

Sum Lithic Fragments 2 1,0 1,3  Opaque minerals  0,0 
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Table A21: Thin section protocol for sample 48745 after 400 points 

Sample: 48745  Total Points: 400 Total Grains: 303   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 131 32,8 43,2  Q_cement 13 3,3 

Quartz_m, non-undulatory 107 26,8 35,3  Calcite_cement 11 2,8 

Quartz_p, 2-3 4 1,0 1,3  Carbonate_cement  0,0 

Quartz_p, > 3 7 1,8 2,3  Anhydrite 7 1,8 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 249 62,3 82,2  Hematite 3 0,8 

Plagioclase 14 3,5 4,6  Illite  0,0 

Alkalifeldspar 20 5,0 6,6  Kaolinite  0,0 

Sum Feldspar 34 8,5 11,2  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 34 8,5 

L_s, pel 9 2,3 3,0  Matrix 33 8,3 

L_v, felsic 3 0,8 1,0  Porosity_inter 18 4,5 

L_v, mafic  0,0 0,0  Porosity_intra 11 2,8 

L_m, psam  0,0 0,0  Muscovite 1 0,3 

L_m, pel 8 2,0 2,6  Biotite  0,0 

Sum Lithic Fragments 20 5,0 6,6  Opaque minerals  0,0 

 

Table A22: Thin section protocol for sample 48745 after 200 points 

Sample: 48745  Total Points: 200 Total Grains: 154   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 64 32,0 41,6  Q_cement 7 3,5 

Quartz_m, non-undulatory 53 26,5 34,4  Calcite_cement 7 3,5 

Quartz_p, 2-3 3 1,5 1,9  Carbonate_cement  0,0 

Quartz_p, > 3 5 2,5 3,2  Anhydrite 3 1,5 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 125 62,5 81,2  Hematite 1 0,5 

Plagioclase 11 5,5 7,1  Illite  0,0 

Alkalifeldspar 7 3,5 4,5  Kaolinite  0,0 

Sum Feldspar 18 9,0 11,7  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 18 9,0 

L_s, pel 3 1,5 1,9  Matrix 18 9,0 

L_v, felsic 3 1,5 1,9  Porosity_inter 6 3,0 

L_v, mafic  0,0 0,0  Porosity_intra 3 1,5 

L_m, psam  0,0 0,0  Muscovite 1 0,5 

L_m, pel 5 2,5 3,2  Biotite  0,0 

Sum Lithic Fragments 11 5,5 7,1  Opaque minerals  0,0 
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Table A23: Thin section protocol for sample 48746 after 400 points 

Sample: 48746  Total Points: 400 Total Grains: 281   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 75 18,8 26,7  Q_cement 12 3,0 

Quartz_m, non-undulatory 150 37,5 53,4  Calcite_cement 18 4,5 

Quartz_p, 2-3 8 2,0 2,8  Carbonate_cement  0,0 

Quartz_p, > 3 5 1,3 1,8  Anhydrite 1 0,3 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 238 59,5 84,7  Hematite 12 3,0 

Plagioclase 14 3,5 5,0  Illite  0,0 

Alkalifeldspar 18 4,5 6,4  Kaolinite  0,0 

Sum Feldspar 32 8,0 11,4  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 43 10,8 

L_s, pel 4 1,0 1,4  Matrix 43 10,8 

L_v, felsic 1 0,3 0,4  Porosity_inter 12 3,0 

L_v, mafic  0,0 0,0  Porosity_intra 15 3,8 

L_m, psam  0,0 0,0  Muscovite 3 0,8 

L_m, pel 6 1,5 2,1  Biotite  0,0 

Sum Lithic Fragments 11 2,8 3,9  Opaque minerals 3 0,8 

 

Table A24: Thin section protocol for sample 48746 after 200 points 

Sample: 48746  Total Points: 200 Total Grains: 145   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 30 15,0 20,7  Q_cement 5 2,5 

Quartz_m, non-undulatory 89 44,5 61,4  Calcite_cement 4 2,0 

Quartz_p, 2-3 6 3,0 4,1  Carbonate_cement  0,0 

Quartz_p, > 3 3 1,5 2,1  Anhydrite  0,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 128 64,0 88,3  Hematite 5 2,5 

Plagioclase 6 3,0 4,1  Illite  0,0 

Alkalifeldspar 8 4,0 5,5  Kaolinite  0,0 

Sum Feldspar 14 7,0 9,7  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 14 7,0 

L_s, pel 2 1,0 1,4  Matrix 24 12,0 

L_v, felsic  0,0 0,0  Porosity_inter 8 4,0 

L_v, mafic  0,0 0,0  Porosity_intra 5 2,5 

L_m, psam  0,0 0,0  Muscovite 2 1,0 

L_m, pel 1 0,5 0,7  Biotite  0,0 

Sum Lithic Fragments 3 1,5 2,1  Opaque minerals 2 1,0 
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Table A25: Thin section protocol for sample 48747 after 400 points 

Sample: 48747  Total Points: 400 Total Grains: 301   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 120 30,0 39,9  Q_cement 10 2,5 

Quartz_m, non-undulatory 138 34,5 45,8  Calcite_cement 18 4,5 

Quartz_p, 2-3 1 0,3 0,3  Carbonate_cement  0,0 

Quartz_p, > 3 9 2,3 3,0  Anhydrite 4 1,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 268 67,0 89,0  Hematite 2 0,5 

Plagioclase 14 3,5 4,7  Illite  0,0 

Alkalifeldspar 6 1,5 2,0  Kaolinite  0,0 

Sum Feldspar 20 5,0 6,6  Smectite  0,0 

L_s, psam 1 0,3 0,3  Sum cement 34 8,5 

L_s, pel 8 2,0 2,7  Matrix 29 7,3 

L_v, felsic 1 0,3 0,3  Porosity_inter 16 4,0 

L_v, mafic  0,0 0,0  Porosity_intra 19 4,8 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 3 0,8 1,0  Biotite  0,0 

Sum Lithic Fragments 13 3,3 4,3  Opaque minerals 1 0,3 

 

Table A26: Thin section protocol for sample 48747 after 200 points 

Sample: 48747  Total Points: 200 Total Grains: 144   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 45 22,5 31,3  Q_cement 5 2,5 

Quartz_m, non-undulatory 79 39,5 54,9  Calcite_cement 10 5,0 

Quartz_p, 2-3  0,0 0,0  Carbonate_cement  0,0 

Quartz_p, > 3 7 3,5 4,9  Anhydrite  0,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 131 65,5 91,0  Hematite 2 1,0 

Plagioclase 5 2,5 3,5  Illite  0,0 

Alkalifeldspar 4 2,0 2,8  Kaolinite  0,0 

Sum Feldspar 9 4,5 6,3  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 17 8,5 

L_s, pel 4 2,0 2,8  Matrix 20 10,0 

L_v, felsic  0,0 0,0  Porosity_inter 8 4,0 

L_v, mafic  0,0 0,0  Porosity_intra 11 5,5 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel  0,0 0,0  Biotite  0,0 

Sum Lithic Fragments 4 2,0 2,8  Opaque minerals  0,0 
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Table A27: Thin section protocol for sample 61380 after 400 points 

Sample: 61380  Total Points: 400 Total Grains: 190   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 51 12,8 26,8  Q_cement 10 2,5 

Quartz_m, non-undulatory 107 26,8 56,3  Calcite_cement 20 5,0 

Quartz_p, 2-3 7 1,8 3,7  Carbonate_cement  0,0 

Quartz_p, > 3 6 1,5 3,2  Anhydrite  0,0 

Chert 1 0,3 0,5  Gypsum  0,0 

Sum Quartz 172 43,0 90,5  Hematite 73 18,3 

Plagioclase 13 3,3 6,8  Illite  0,0 

Alkalifeldspar 2 0,5 1,1  Kaolinite  0,0 

Sum Feldspar 15 3,8 7,9  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 103 25,8 

L_s, pel 2 0,5 1,1  Matrix 82 20,5 

L_v, felsic  0,0 0,0  Porosity_inter 19 4,8 

L_v, mafic  0,0 0,0  Porosity_intra 5 1,3 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 1 0,3 0,5  Biotite  0,0 

Sum Lithic Fragments 3 0,8 1,6  Opaque minerals 1 0,3 

 

Table A28: Thin section protocol for sample 61380 after 200 points 

Sample: 61380  Total Points: 200 Total Grains: 86   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 37 18,5 43,0  Q_cement 5 2,5 

Quartz_m, non-undulatory 32 16,0 37,2  Calcite_cement 12 6,0 

Quartz_p, 2-3 4 2,0 4,7  Carbonate_cement  0,0 

Quartz_p, > 3 3 1,5 3,5  Anhydrite  0,0 

Chert 1 0,5 1,2  Gypsum  0,0 

Sum Quartz 77 38,5 89,5  Hematite 44 22,0 

Plagioclase 5 2,5 5,8  Illite  0,0 

Alkalifeldspar 2 1,0 2,3  Kaolinite  0,0 

Sum Feldspar 7 3,5 8,1  Smectite  0,0 

L_s, psam  0,0 0,0  Sum cement 61 30,5 

L_s, pel 2 1,0 2,3  Matrix 35 17,5 

L_v, felsic  0,0 0,0  Porosity_inter 15 7,5 

L_v, mafic  0,0 0,0  Porosity_intra 2 1,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel  0,0 0,0  Biotite  0,0 

Sum Lithic Fragments 2 1,0 2,3  Opaque minerals 1 0,5 
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Table A29: Thin section protocol for sample NN after 400 points 

Sample: NN  Total Points: 400 Total Grains: 285   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 81 20,3 28,4  Q_cement 15 3,8 

Quartz_m, non-undulatory 139 34,8 48,8  Calcite_cement 32 8,0 

Quartz_p, 2-3 9 2,3 3,2  Carbonate_cement  0,0 

Quartz_p, > 3 17 4,3 6,0  Anhydrite  0,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 246 61,5 86,3  Hematite  0,0 

Plagioclase 15 3,8 5,3  Illite  0,0 

Alkalifeldspar 7 1,8 2,5  Kaolinite  0,0 

Sum Feldspar 22 5,5 7,7  Smectite 2 0,5 

L_s, psam 3 0,8 1,1  Sum cement 49 12,3 

L_s, pel 8 2,0 2,8  Matrix 34 8,5 

L_v, felsic 3 0,8 1,1  Porosity_inter 12 3,0 

L_v, mafic 1 0,3 0,4  Porosity_intra 20 5,0 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 2 0,5 0,7  Biotite  0,0 

Sum Lithic Fragments 17 4,3 6,0  Opaque minerals  0,0 

 

Table A30: Thin section protocol for sample NN after 200 points 

Sample: NN  Total Points: 200 Total Grains: 144   

        

Mineral Count % of points % of grains  Mineral Count % of points 

Quartz_m, undulatory 46 23,0 31,9  Q_cement 9 4,5 

Quartz_m, non-undulatory 73 36,5 50,7  Calcite_cement 19 9,5 

Quartz_p, 2-3 3 1,5 2,1  Carbonate_cement  0,0 

Quartz_p, > 3 6 3,0 4,2  Anhydrite  0,0 

Chert  0,0 0,0  Gypsum  0,0 

Sum Quartz 128 64,0 88,9  Hematite  0,0 

Plagioclase 9 4,5 6,3  Illite  0,0 

Alkalifeldspar 2 1,0 1,4  Kaolinite  0,0 

Sum Feldspar 11 5,5 7,6  Smectite 2 1,0 

L_s, psam 1 0,5 0,7  Sum cement 30 15,0 

L_s, pel 2 1,0 1,4  Matrix 15 7,5 

L_v, felsic 1 0,5 0,7  Porosity_inter 6 3,0 

L_v, mafic  0,0 0,0  Porosity_intra 5 2,5 

L_m, psam  0,0 0,0  Muscovite  0,0 

L_m, pel 1 0,5 0,7  Biotite  0,0 

Sum Lithic Fragments 5 2,5 3,5  Opaque minerals  0,0 
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Appendix 2 

Figures A1-A72 are used as the basis for the student results. 

 

Figure A1: Thin section protocol for sample 33298 by student 

 

Figure A2: Thin section protocol for sample 33298 by student 
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Figure A3: Thin section protocol for sample 33298 by student 

 

Figure A4: Thin section protocol for sample 33298 by student 
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Figure A5: Thin section protocol for sample 33298 by student 

 

Figure A6: Thin section protocol for sample 33298 by student 
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Figure A7: Thin section protocol for sample 33300 by student 

 

Figure A8: Thin section protocol for sample 33300 by student 
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Figure A9: Thin section protocol for sample 33300 by student 

 

 

 

 

 

 

 

 

 

 

 

Figure A10: Thin section protocol for sample 33300 by student 
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Figure A11: Thin section protocol for sample 33302 by student 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A12: Thin section protocol for sample 33302 by student 
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Figure A13: Thin section protocol for sample 33302B by student 

 

Figure A14: Thin section protocol for sample 33302B by student 



Page 50 of 78 
 

 

Figure A15: Thin section protocol for sample 33302B by student 

 

Figure A16: Thin section protocol for sample 39650 by student 
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Figure A17: Thin section protocol for sample 39650 by student 

 

Figure A18: Thin section protocol for sample 39650 by student 
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Figure A19: Thin section protocol for sample 39650 by student 

 

Figure A20: Thin section protocol for sample 39650 by student 
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Figure A21: Thin section protocol for sample 39650 by student 

 

Figure A22: Thin section protocol for sample 39653 by student 
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Figure A23: Thin section protocol for sample 39653 by student 

 

Figure A24: Thin section protocol for sample 39653 by student 
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Figure A25: Thin section protocol for sample 39653 by student 

 

Figure A26: Thin section protocol for sample 39653 by student 
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Figure A27: Thin section protocol for sample 39653 by student 

 

Figure A28: Thin section protocol for sample 39653 by student 
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 Figure A29: Thin section protocol for sample 39653 by student  

 

Figure A30: Thin section protocol for sample 39653 by student 
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Figure A31: Thin section protocol for sample 39654 by student 

 

Figure A32: Thin section protocol for sample 39654 by student 
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Figure A33: Thin section protocol for sample 39654 by student 

 

Figure A34: Thin section protocol for sample 39654 by student 
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Figure A35: Thin section protocol for sample 39654 by student 

 

Figure A36: Thin section protocol for sample 39654 by student 
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Figure A37: Thin section protocol for sample 39654 by student 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A38: Thin section protocol for sample 39654 by student 
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Figure A39: Thin section protocol for sample 39654 by student 

 

Figure A40: Thin section protocol for sample 39656 by student 
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Figure A41: Thin section protocol for sample 39656 by student 

 

Figure A42: Thin section protocol for sample 39656 by student 



Page 64 of 78 
 

 

Figure A43: Thin section protocol for sample 39656 by student 

 

Figure A44: Thin section protocol for sample 39656 by student 
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Figure A45: Thin section protocol for sample 48743 by student 

 

Figure A46: Thin section protocol for sample 48743 by student 
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Figure A47: Thin section protocol for sample 48743 by student 

 

Figure A48: Thin section protocol for sample 48743 by student 
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Figure A49: Thin section protocol for sample 48743 by student 

 

Figure A50: Thin section protocol for sample 48744 by student 
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Figure A51: Thin section protocol for sample 48744 by student 

 

Figure A52: Thin section protocol for sample 48744 by student 
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Figure A53: Thin section protocol for sample 48744 by student 

 

Figure A54: Thin section protocol for sample 48745 by student 
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Figure A55: Thin section protocol for sample 48745 by student 

 

Figure A56: Thin section protocol for sample 48745 by student 
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Figure A57: Thin section protocol for sample 48745 by student 

 

Figure A58: Thin section protocol for sample 48745 by student 
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Figure A59: Thin section protocol for sample 48745 by student 

 

Figure A60: Thin section protocol for sample 48746 by student 

 



Page 73 of 78 
 

 

Figure A61: Thin section protocol for sample 48746 by student 

 

Figure A62: Thin section protocol for sample 48746 by student 
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Figure A63: Thin section protocol for sample 48746 by student 

 

Figure A64: Thin section protocol for sample 48746 by student 
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Figure A65: Thin section protocol for sample 48746 by student 

 

Figure A66: Thin section protocol for sample 48747 by student 
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Figure A67: Thin section protocol for sample 48747 by student 

 

Figure A68: Thin section protocol for sample 48747 by student 
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Figure A69: Thin section protocol for sample 61380 by student 

 

Figure A70: Thin section protocol for sample 61380 by student 
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Figure A71: Thin section protocol for sample NN by student 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A72: Thin section protocol for sample NN by student 

 


