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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.

Introduction

Page 2 of 78



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 fragmentsare 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 um 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 fragmentsthat are larger than 63 pm are counted as the mineral itself and not as lithic fragments
(Ingersoll etal, 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 setat 20 pm.

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.

a
p(n)t = 100 [Beta(l —mtLN- n)] 1)

p(n), = 100 {1~ Beta(1 - % N—n+1,n)] ?)

Here p is the percentage, n is the number of grains, u is the upper confidence, [ is the lower
confidence, Beta is the inverse beta distribution, « 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.

C—F, —Ly F, Ly

QL C—-0Q.—-Ly Ly

QL FU C_QL_FU (3)
C—Fy—1, F, L

Qu C-Qu—-1L, L,

Qu F, C—-Qu—F

To get a quantitative result for the difference in results equation 4 (Weltje, 2004) were used. All
student resultsand my own results are included in the calculation. In thisequation n is the main
components (QFL) and k is each operator result in that sample. p is the average percentage, whilst 7 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. Thisrequiresthe 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.

k

7 )2\2
(pun‘n'l) (4)

-3

n
j=11i=1

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 operatorsthis sample is classified in 5 different ways, and no
other student agreed on my result as arkose. The classification areais large, so even though samples

are classified similarly the difference can be large.

Q W33302_400 61380 400
0 == 100 433302 200 ®61380_200
39650 400 * NN_400
39650_200 @ NN_200
039653 400 < 33298 400
A39653 200 ©33298 200
W 39654 400 # 33300 400
439654 200 @ 33300200
W39656_400 + 333028400
A 30656 200 @ 33302B_200
W48743_400 48746_400

A 48743 200 ®48746_200

W 48747 400 48744 400

subarkose A 48747 200 ®48744_200
* 48745_400

® 48745 200

Feldspathic-
litharenite

50 50

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 um for
samples 48746, 33302 and 61380. Samples 48747, 33302B, 39656 and 39653 have an average grain
size of 140 um. Sample 48745 have an average grain size of 150 um. Samples 48744, 48743, NN and
39654 have an average grain size of 160 um. The second largest average grain size is 180 um found in

samples 33298 and 39650. The largest average grain size is 240 pm 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. VVolcanic 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 lowerthan 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 | 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 of
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 typesin % of total lithic fragments.
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Sample
. Ls, Lm, | Lm,
(Number | Quartz | Feldspar Lithics Lspet | Lv, fessic | Lv, mafic
psam psam pel
of % % % % % %
| [%] [%6] [%0] [9%] [%] | [%] | [%] 6] | [%]
grains)
39650 84.7 121 3.3
0 60 40 0 0 0
(307) | +3.8/-4.5| +4.2/-3.4 | +2.7/-1.7
39650 87.8 8.1 4.1
0 50 50 0 0 0
(148) | +4.8/-6.4 | +5.6/-3.8 | +4.6/-2.6
39653 86.7 10.4 2.9
125 | 50 25 0 0 125
(278) | +3.8/-4.6 | +4.2/-3.3 | +2.7/-1.6
39653 86.7 10.4 3.0
0 75 25 0 0 0
(135) | +5.2/-6.9 | +6.4/-4.6 | +4.4/-2.1
39654 86.3 9.6 4.1
16.7 | 25 25 8.3 0 25
(293) | +3.7/-45 | +4.0/-3.1 | +2.9/-2.0
39654 85.9 9.9 4.2
33.3 | 16.7 | 33.3 0 0 16.7
(142) | +5.3/-6.8 | +6.1/-4.6 | +4.7/-2.7
39656 85.9 10.6 3.5
0 40 30 10 0 20
(284) | +3.8/-4.6 | +4.2/-3.3 | +2.9/-1.8
39656 86.3 11.8 2.0
0 0 66.7 0 0 33.3
(153) | +5.0/-6.5| +6.2/-4.6 | +3.7/-1.6
48743 83.5 11.0 55
0 46.7 | 33.3 0 0 20
(272) | +4.2/-5.0 | +4.3/-3.5 | +3.4/-2.4
48743 85.7 10.5 3.8
0 20 60 0 0 20
(133) | +5.5/-7.1 | +6.5/-4.7 | +4.8/-2.5
48744 87.3 10.1 2.6
0 100 0 0 0 0
(307) | +3.5/-4.3| +3.9/-3.1 | +2.5/-1.5
48744 88.1 10.6 1.3
0 100 0 0 0 0
(151) | +4.7/-6.3 | +6.0/-4.4 | +3.4/-1.2
48745 82.2 11.2 6.6
0 45 15 0 0 40
(303) | +4.1/-4.8 | +4.1/-3.3 | +3.4/-2.5
48745 81.2 11.7 7.1
0 27.3 | 273 0 0 45.4
(154) | +5.8/-7.1 | +6.2/-4.6 | +5.3/-3.5
48746 84.7 11.4 3.9
0 36.4 9.1 0 0 54.5
(281) | +4.0/-4.8 | +4.3/-3.5 | +3.0/-1.9
48746 88.3 9,7 2.1
0 66.7 0 0 0 33.3
(145) | +4.7/-6.4 | +6.0/-4.3 | +3.9/-1.6
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Sample

Ls, Lm | Lm,
(Number | Quartz | Feldspar Lithics Lspet | Lv, fessic | Lv, mafic
psam psam pel
of % % % % % %
o [%0] [%0] [%0] [9%] [%] | [%] | [%0] 6] | [o%]
48747 89.0 6.6 4.3
7.7 | 615 | 7.7 0 0 | 231
(301) | +3.3/-4.1 | +3.4/-25 | +3.0/-2.0
48747 91.0 6.3 2.8 o | 100 . . . .
(144) +4.1/-5.9 | +5.3/-3.4 | +4.2/-2.0
33300 78.4 15.0 6.5 ; . : . . o5
(306) | +4.5/-5.0 | +4.5/-3.8 | +3.4/-2.5
33300 78.5 12.8 8.7
7.7 | 462 | 7.7 0 0 | 385
(149) | +6.3/-7.5 | +6.4/-4.9 | +5.7/-4.0
33302 64.2 10.3 25.5
16 | 11.3| 97 0 0 | 774
(243) | +6.0/-6.4 | +4.5/-3.5 | +6.0/-5.4
33302 66.1 9.1 24.8
33 | 133 | 10 0 0 | 733
(121) | +8.4/-9.2 | +6.6/-4.5 | +8.7/-7.4
33302B 69.2 9.1 21.7 . a3 | 33 . o |sss
(276) | +5.4/-5.8 | +4.0/-3.1 | +5.3/-4.7 ' ' '
33302B 70.6 9.1 20.3 o |l13s| a4 . o |are
(143) | +7.3/-8.2 | +6.0/-4.2 | +7.5/-6.3 ' ' '
33298 65.3 26.4 8.3 . )5 53 . o |ess
(288) | +5.5/-5.8 | +5.5/-5.0 | +3.8/-2.9 ' '
33298 71.6 21.3 7.1 . 0 0 . . 10
(141) | +7.3/-8.2 | +7.7/-6.4 | +5.6/-3.6
61380 90.5 7.9 1.6 o |66 . . o | 233
(285) | +3.8/-5.1 | +4.8/-3.4 | +3.0/-1.3 ' '
61380 89.5 8.1 2.3 o | 100 . . . .
(86) | +5.6/-8.5 | +7.9/-4.8 | +5.8/-2.0
NN 86.3 7.7 6.0
176 | 471 | 175 | 59 0 |11.8
(285) | +3.8/-45 | +3.7/-2.8 | +3.4/-2.5
NN 88.9 7.6 35
20 | 40 20 0 0 20
(144) | +4.6/-6.3 | +5.6/-3.8 | +4.4/-2.3
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Figure 2: Metapelite fragment in sample 33302B. The magnification is 10x and the scale bar is in

50 pm.

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. | 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 studentsand 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 | Quartz | Feld Sl L L e
umber uartz eldspar , v, felsi v, mafi
P Lithics [%] psam e fete e psam pel
of [%0] [%0] [%] | [%] | [%]
: [%0] [%] | [%]
grains)
33298 82.8 11.9 5.2
0 | 143 | 143 0 0 71.4
(134) | +6.0/-7.5 | +6.7/-5.0 | +5.2/-3.1
33298 63.4 9.6 27.0
253 | 65.5 0 0 46 | 4.6
(322) +5.3/-56.5 | +3.8/-3.0 | +5.2/-4.8
33298 91.7 0.0 8.3
0 | 429 0 0 0 57.1
(168) +3.7/-5.3 | +2.2/-0 +5.3/-3.7
33298 67.9 16.5 15.6
54 | 75.7 0 0 19.0 0
(237) +5.9/-6.4 | +5.3/-4.5 | +5.3/-4.4
33298 78.6 20.3 1.1
100 O 0 0 0 0
(182) +5.7/-6.7 | +6.6/-5.6 | +2.8/-1.0
33298 78.3 17.4 4.3
0 0 100 0 0 0
(115) +7.1/-8.7 | +8.2/-6.4 | +5.5/-2.9
33300 76.7 17.4 5.8
100 O 0 0 0 0
(86) | +8.4/-104 | +9.7/-7.3 | +7.2/-3.9
33300 80.8 15.2 4.0
100 O 0 0 0 0
(151) +5.9/-7.2 | +6.7/-5.3 | +4.5/-2.5
33300 73.7 17.7 8.7
0 3.8 0 0 50 | 46.2
(300) +4.9/-5.4 | +4.8/-4.1 | +3.8/-2.9
33300 58.1 3.1 38.8
1941 0 0 0 80.6 0
(160) +7.7/-6.8 | +4.0/-2.1 | +8.0/-7.6
33302 76.5 17.3 6.1
100 O 0 0 0 0
(98) +8.0/-9.6 | +9.0/-6.9 | +6.7/-3.8
33302 79.2 7.6 13.2
0 | 57.9 0 0 0 42.1
(144) | +6.3/-7.6 | +5.6/-3.8 | +6.6/-5.1
33302B 77.8 7.8 14.4
0 | 100 0 0 0 0
(180) +5.8/-6.8 | +4.9/-3.5 | +6.0/-4.8
33302B 74.6 5.6 19.8
0 | 100 0 0 0 0
(177) +6.2/-7.1 | +4.5/-2.9 | +7.7/-6.4
33302B 74.5 5.1 20.4
0 | 393 0 0 80.7 0
(137) +7.1/-8.2 | +5.1/-3.0 | +7.7/-6.4
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Sample
Ls, Lm, | Lm,
(Number | Quartz | Feldspar | Ls per | Ly, feisic | Lv, mafic
Lithics [%] psam psam pel
of [%0] [%0] [%] | [%] | [%]
: [%0] [%] | [%]
grains)
39650 82.9 14.1 2.9
0 60 0 40 0 0
(170) +5.3/-6.5 | +6.2/-4.9 | +3.8/-2.0
39650 87.2 8.9 3.9
143 14.3 28.6 42.9 0 0
(180) +4.5/-5.8 | +5.1/-3.7 | +4.0/-2.3
39650 72.0 22.3 5.7
0 |47.1 5.9 0 47.1 0
(300) | +5.0/-5.4 | +5.1/-4.6 | +3.3/-2.3
39650 94.0 6.0 0.0
0 0 0 0 0 0
(167) | +3.1/-4.7 | +4.7/-3.1 |  +2.2/-0
39650 66.4 23.1 10.5
333| O 6.7 26.7 0 33.3
(143) | +7.7/-8.4 | +7.8/-6.6 | +6.2/-4.5
39650 79.0 19.3 1.7
0 0 0 100 0 0
(119) | +6.9/-8.4 | +8.2/-6.7 | +4.3/-1.5
39653 76.2 21.0 2.8
0 60 0 0 40 0
(181) +6.0/-6.9 | +6.7/-5.7 | +3.6/-1.9
11.6
39653 88.4 0.0
+10.0/- 0 0 0 0 0 0
(69) | +6.5/-10.0 +5.2/-0
6.5
39653 92.1 4.9 3.0
0 | 100 0 0 0 0
(266) | +2.9/-3.9 | +3.3/-2.3 | +2.8/-1.7
39653 90.8 9.2 0.0
0 0 0 0 0 0
(109) | +4.7/-7.1 | +7.1/-4.7 | +3.3/-0
39653 63.7 33.2 3.1
833| O 0 0 16.7 0
(193) | +6.8/-7.2 | +7.1/-6.6 | +3.5/-2.0
39653 79.5 15.6 4.9
50 | 16.7 0 0 33.3 0
(122) | +6.8/-8.3 | +7.7/-5.9 | +5.5/-3.1
39653 83.4 14.6 1.9
333| O 0 0 66.7 0
(157) | +5.4/-6.8 | +6.5/-5.1 | +3.6/-1.5
39653 73.5 19.1 7.4
167 O 0 0 33.3 50
(162) | +6.6/-7.5 | +6.9/-5.7 | +5.2/-3.5
39653 80.7 18.8 0.6
0 0 0 100 0 0
(176) +5.6/-6.6 | +6.6/5.5 | +2.6/-0.6

Page 12 of 78



Sample
Ls, Lm, | Lm,
(Number | Quartz | Feldspar | Ls per | Ly, feisic | Lv, mafic
Lithics [%] psam psam pel
of [%0] [%0] [%] | [%] | [%]
: [%0] [%] | [%]
grains)
39654 85.3 12.7 2.0
0 | 66.7 0 33.3 0 0
(150) | +5.2/-6.7 | +6.4/-4.9 | +3.7/-1.6
39654 69.1 23.9 7.0
38.1| 23.8 9.5 0 28.6 0
(301) +5.2/-5.6 | +5.2/-4.7 | +3.5/-2.6
39654 93.3 6.0 0.7
0 0 0 100 0 0
(150) +3.4/-5.3 | +5.1/-3.2 | +3.0/-0.6
39654 90.3 9.7 0.0
0 0 0 0 0 0
(155) +4.2/-5.8 | +5.8/-4.2 +2.4/-0
39654 89.3 8.2 2.6
0 20 60 0 0 20
(196) | +4.0/-5.2 | +4.8/-3.4 | +3.3/1.7
39654 77.9 20.1 2.0
0 0 0 100 0 0
(149) | +6.4/-75 | +7.3/-6.1 | +3.8/-1.6
39654 86.1 11.9 2.0
0 0 0 50 0 50
(101) +6.1/-8.3 | +8.0/-5.6 | +5.0/-1.7
39654 80.5 14.0 55
556 33.3 0 0 0 11.1
(164) +5.8/-6.9 | +6.3/-4.9 | +4.7/-2.9
39654 81.5 16.2 2.3
25 | 50 0 25 0 0
(173) +5.5/-6.6 | +6.4/-5.2 | +3.5/-1.7
39656 92.5 5.3 2.2
0 60 20 20 0 0
(227) +3.1/-4.2 | +3.8/-2.5 | +2.9/-15
39656 76.2 17.7 6.1
61.1| 5.6 0 0 0 33.3
(294) +4.8/-5.3 | +4.9/-4.2 | +3.4/-2.5
39656 91.3 8.7 0.0
0 0 0 0 0 0
(150) | +4.0/-5.7 | +5.7/-4.0 | +2.4/-0
39656 92.3 7.7 0.0
0 0 0 0 0 0
(104) +4.3/-6.9 | +6.9/-4.3 +3.5/-0
39656 92.0 4.3 3.7
33.3| 66.7 0 0 0 0
(163) | +3.7/-5.3 | +4.4/-2.6 | +4.2/-2.3
48743 80.2 18.2 1.7
0 0 100 0 0 0
(242) +4.8/-5.6 | +5.4/-4.6 | +2.5/-1.2
48743 86.7 13.3 0.0
0 0 0 0 0 0
(150) +5.0/-6.5 | +6.5/-5.0 +2.4/-0

Page 13 of 78



Sample
Ls, Lm, | Lm,
(Number | Quartz | Feldspar | Ls per | Ly, feisic | Lv, mafic
Lithics [%] psam psam pel
of [%0] [%0] [%] | [%] | [%]
: [%0] [%] | [%]
grains)
48743 4.7 16.9 8.4
474 | 21.1 0 5.3 0 26.3
(225) +5.5/-6.2 | +5.5/-4.7 | +4.4/-3.3
48743 76.9 17.0 6.1
77| 1.7 61.5 0 7.7 | 154
(212) +5.5/-6.3 | +5.7/-4.8 | +4.1/-2.8
48743 82.6 14.6 2.8
0 0 62.5 12.5 0 25
(287) | +4.2/-4.9 | +4.6/-3.9 | +2.6/-1.6
48744 82.2 9.9 7.9
6.3 | 6.3 0 18.8 50 | 18.8
(202) | +5.0/-6.0 | +5.0/-3.7 | +4.6/-3.3
48744 82.4 17.1 0.5
0 100 0 0 0 0
(199) | +5.0/-6.0 | +6.0/-5.0 | +2.3/-0.5
48744 86.3 11.3 2.4
0 0 75 0 25 0
(168) | +4.8/-6.1 | +5.8/-4.4 | +3.6/-1.7
48744 76.0 16.8 7.2
16.7] 11.1 0 11.1 | 16.7 | 444
(250) +5.2/-5.8 | +5.2/-4.4 | +3.9/-2.9
48745 86.6 12.8 0.6
0 0 0 100 0 0
(164) | +4.8/-6.2 | +6.1/-4.7 | +2.7/-0.6
48745 88.0 8.0 4.0
0 | 100 0 0 0 0
(150) +4.7/-6.3 | +5.6/-3.8 | +4.5/-2.5
48745 96.7 3.3 0.0
0 0 0 0 0 0
(150) | +2.2/-4.3 | +4.3/-2.2 | +2.4/-0
48745 80.3 8.6 11.2
0 5.9 76.5 17.6 0 0
(152) | +6.0/-7.2 | +5.6/-3.9 | +6.1/-4.5
48745 80.5 14.5 5.1
20 | 13.3 0 0 40 | 26.7
(297) | +4.4/-5.0 | +4.5/-3.8 | +3.1/-2.2
48745 92.6 6.7 0.7
0 0 0 100 0 0
(149) | +3.6/-5.4 | +5.3/-3.4 | +3.0/-0.7
48746 91.3 8.7 0.0
0 0 0 0 0 0
(150) | +4.0/-5.7 | +5.7/-4.0 | +2.4/-0
48746 75.7 19.8 4.5
0 | 44.4 0 0 55.6 0
(202) | 45.7/-6.5 | +6.2/-5.3 | +3.8/-2.4
48746 71.2 28.3 0.5
0 0 0 100 0 0
(191) | +6.3/-7.0 | +7.0/-6.3 | +2.4/-0.5
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Sample
Ls, Lm, | Lm,
(Number | Quartz | Feldspar | Ls per | Ly, feisic | Lv, mafic
Lithics [%] psam psam pel
of [%0] [%0] [%] | [%] | [%]
: [%0] [%] | [%]
grains)
48746 85.7 13.0 1.3
50 0 50 0 0 0
(154) | +5.1/-6.5 | +6.4/-4.9 | +3.3/-1.1
48746 82.7 4.9 12.4
0 | 522 0 0 26.1 | 21.7
(185) +5.2/-6.2 | +4.2/-2.6 | +5.6/-4.4
48746 77.0 12.5 10.5
238| 4.8 0 28.6 | 333 ]| 95
(200) | +5.6/-6.5 | +5.4/-4.2 | +5.1/3.9
48747 95.0 35 1.5
0 0 0 100 0 0
(200) +2.6/-4.0 | +3.6/-2.1 | +2.8/-1.2
48747 88.0 10.4 1.6
0 | 66.7 | 33.3 0 0 0
(183) | +4.3/-4.0 | +5.4/-4.0 | +3.1/-1.3
48747 67.6 20.5 11.9
0 | 308 0 0 0 69.2
(219) +6.2/-6.6 | +6.0/-5.1 | +5.0/-4.0
61380 86.6 11.3 2.1
0 0 0 0 100 0
97) +6.1/-8.4 | +8.0/-5.5 | +5.2/-1.8
61380 57.4 42.0 0.6
0 0 0 0 100 0
(343) +5.3/-5.4 | +5.4/-5.3 | +1.5/-0.5
NN 77.9 13.0 9.1
143| 50 7.1 28.6 0 0
(154) +6.3/-7.4 | +6.4/-4.9 | +5.7/-4.0
NN 88.7 7.3 4.0
16.7 | 66.7 0 0 16.7 0
(151) +4.6/-6.2 | +5.4/-3.6 | +4.5/-2.5
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Figure 3: QFI diagrams displaying my results after both 200 and 400 points, and all student results.

Page 18 of 78



39650

39653

39654

39656

Page 19 of 78



48743

48744

48746

Page 20 of 78



48747

33300

33302B

Page 21 of 78



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 pm.

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.
Compositional variability
Sample Main components | Cement Porosity (C;anlqcel:]et
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 variesand 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 resultin 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 itis 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 differencesin
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 resultsthat are more accurate
than with fewer counts, as observed this is not always the case. Point counting more than 300 grains
manually takesa 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 factorsas 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. Thiscan 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 fragmentsand 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 Al: 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 llite 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 lllite 0,0
Alkalifeldspar 28 14,0 19,9 Kaolinite 2 1,0
Sum Feldspar 30 15,0 21,3 Smedctite 0,0
L_s, psam 0,0 0,0 Sum cement 23 11,5
L s, pel 2,5 3,5 Matrix 18 9,0
L v, felsic 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 llite 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 Ilite 0,5
Alkalifeldspar 19 9,5 12,8 Kaolinite 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 llite 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 41 llite 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
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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 llite 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 48
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 llite 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 llite 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 llite 0,0
Alkalifeldspar 3 1,5 2,0 Kaolinite 0,0
Sum Feldspar 12 6,0 81 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 llite 2 0,5
Alkalifeldspar 13 3,3 47 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 llite 2 1,0
Alkalifeldspar 5 2,5 3,7 Kaolinite 0,0
Sum Feldspar 14 7,0 10,4 Smedctite 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 1,3
Quartz_p, 2-3 5 1,3 1,7 Carbonate_cement 0,5
Quartz_p,>3 14 3,5 48 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 51 llite 0,0
Alkalifeldspar 13 3,3 44 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 49 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 llite 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 llite 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 1,0
Chert 0,0 0,0 Gypsum 0,5
Sum Quartz 132 66,0 86,3 Hematite 0,0
Plagioclase 9 4,5 5,9 llite 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 48 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 llite 0,0
Alkalifeldspar 14 3,5 51 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 0,8
Sum Lithic Fragments 15 3,8 5,5 Opaque minerals 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 llite 0,0
Alkalifeldspar 6 3,0 45 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 1,0
L v, mafic 0,0 0,0 Porosity_intra 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 47?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 llite 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 0,5
Chert 0,0 0,0 Gypsum 0,5
Sum Quartz 133 66,5 88,1 Hematite 1,5
Plagioclase 11 5,5 7,3 llite 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

Page 37 of 78




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 46 llite 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 llite 0,0
Alkalifeldspar 7 3,5 45 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 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 llite 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 89 445 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 41 llite 0,0
Alkalifeldspar 8 4,0 5,5 Kaolinite 0,0
Sum Feldspar 14 7,0 9,7 Smedctite 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 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 47 llite 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 48
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 49 Anhydrite 0,0
Chert 0,0 0,0 Gypsum 0,0
Sum Quartz 131 65,5 91,0 Hematite P 1,0
Plagioclase 5 2,5 3,5 llite 0,0
Alkalifeldspar 4 2,0 2,8 Kaolinite 0,0
Sum Feldspar 9 45 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

Page 40 of 78




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 llite 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 llite 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

Page 41 of 78




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 llite 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 47?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 llite 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.

fels = felsic, maf = mafic, L, = sedimentary L, pel =

pelitic, psam = psammitic, L, = metamorphic L, Cc =

calcite

F McBride (1963)

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

ler Houseknecht (1987)
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Figure A3: Thin section protocol for sample 33298 by student

pra v

Sample name: 33298

of counted

ings: 338

Number
Number of counted grains: 246

Porasity, matrix, cement, vein mincrals

Q = quartz, Q. = monocrystalline Q, Q, = polycrystalline Q, xx = crystals, F = feldspar. L = thoclasts, L, = volcansc L,
fels = felsic, maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L, Ce = calcite

F McBnde (1963)

Waorker i count ° Description, remarks
Date: Distance of points: Imm [niezeranular pores 22 65 Mainly prismary
Granulometry Rock name
) )3 Manly secondary. honeycomb and fractur
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— - =
27 3  Anhydnite cement
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; 3 i
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Plagtoclase 1 Not during the point counting. little amount. 1Mste coment 17 5
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Figure A4: Thin section protocol for sample 33298 by student
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fcls- {clmc maf = mnﬁc l‘,

Q.Q,=
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Figure A5: Thin section protocol for sample 33298 by student
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fels = felsic. maf = mafic, L, = sedimentary L. pel = pelitic. psam = psammitic. L,, = metamorphic L, Ce = ¢
F ride (1963 &

Ehvenberg (1969) modiied after Houseknecht (1987)

Figure A6: Thin section protocol for sample 33298 by student
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Figure A7: Thin section protocol for sample 33300 by student
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fels = fehsie, mal = mafic, L = sodimentary L, pef = pelitic, paam = prcmnitic, | = metamorphic L, Ce = calonte - ‘
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Figure A8: Thin section protocol for sample 33300 by student
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Sample name: 33300
Worker:
Date:

Number of counted points: 442
Distance of points: 1 mm

Granulometry:

Mean grain size (jm): 200 — 300

Rock name
Subarkose

Max. grain size (pm): 600 According to grain size: Pettijohn et al., 1987
after comparison chart from Classification scheme after Porosity, matnx, cement, vein minerals
Sorting: Moderately sorted Pettijohn ctal , 1987 count [ Description, remarks
Roundness: 4 — 5 -
spherciy: Intergranular pores “ 10
Grain contacts (relative abundance): Straight according to composition Intragranular pores 42 9.5
Classification scheme after. Oversized pores
Pettijohn etal,, 1987 Sum porosity T 195
Matrix limit {um); 30 Diagenetic dizsolution
() matnx
Phyllosalicate matrix
3 [r
Deirial & iniraclasis Stmn mtrix 4 05
count % (442x100) Description, remarks cement
Qm, non-undulatory | 21 48 F cement
Qm, undulatory [ 16 =
Qp, 2-3 xx 66 15 Cc cement
Op. =3 xx 64 14 Dolomite-/ankernite cement
E:”‘Q L ; “j Siderite cement
Sum 22 5 -
“Alkall Feldspar B 2 Anhydnte cement 14 32
1 02 Baryte cement
t"‘"" £ 53 122 Pyrite cement
Fe-oxide cement
02 Illite cement
- 2 g
o ""‘"vl’m 3 ;'2 Chlorite cement
Lm-pel 2 2
L. Kaplinite cement 13 29
Sum L 26 58 Solid brtumen cement
5 -, F
Muscovte > L0 Carhonate 17 38
Biotite 0
Chiorite 0
Fe oxide 3 0.7 Sum cement “ 99
Gy 20.8% 10+99+09=208%
4 09 vein
Ce vein
Accessory mincrals | Abundance Grain size Roundness Sphericity
Zircon
Biotile 3 Sum veins

0= quanz, Q== monocrystalline 2, O = polycrystalline Q, xx = crys
fiels = felsic, maf = mafic, L= sedimentary L, pel = pelitic, psam = ps:

, L= metamorphic L, Ce = calcite

Idspar, L = lithoclasts, L. = voleanie L,

*Intergranular volume = Intergranular porosity + mtergranular cement + matrix

Figure A9: Thin section protocol for sample 33300 by student

Qm, non-undolatory
Qm. undulatory
Qp, 2-3XX

Qp> 3XX

SUM Q

Alkali feldspar
SUMF

Lvolcanic-felsic X

Lyolcanic-mafic X

Lsedimenr.ary-pelidc
Lsedimtary-psammiﬁc

Lsedimentary-carbonate X
Lmetamorphic-peliﬁc X
Lmetamorphic-metipsammi(e
Imetamorphi&menvolmni: X
SUML

Muscovite

Biotite X

Counts

% total detrital

components &
intraclasts

56 35
16 10
17 11
4 3
93 58
5 3
5 3
0

12 14
50 31
62 39

% of the
total SUM

Intergranular pores

26 Intragranular pores
7 Oversized pores X

8 SUM POROSITY
5 Q-matrix X
= Phyllosilicate matrix X

43 Quartz-cement
2 Feldspar-cement
o Carbonate-cement X
Calcite-cement
Hematite-cement
Gips&anhydrite-cement
O Tllite cement
6 Meshwork illite cement
Cutanes illite cement
Grain-rimming crystals illite cement
SUM CEMENT
23 1GV*
Intergranular volume =
Intergranular porosity +
<7 intergranular cement + matrix

Counts

% total porosity,
matrix, cement,
vein minerals

3 18 1
40 60 19
43 78 20

3 5 1

0 o 0

15 4

) o 0

0 o o

0 o 0

0 o 0

11 20 5
14 25 7

Figure A10: Thin section protocol for sample 33300 by student
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Q = quartz, Q,, = monocrystalline Q, Q, = polycrystal

line Q, xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L,

fels = felsic, maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L,, = metamorphic L, Ce = calcite

F McBride (1963)

iamplc name: 33 302A Number of counted points: 200 Porosity, matrix, cement, vein minerals
Vo -
Dauwkcn_' Distance of points: 2092 Awa count % Description, remarks
Granulometry Rock name mediuen ~ gruined Suwborkare T b o 10 S
Mean grain size (sm): 300 acionding graia stoer SR LCia “gruined SS | Intmgranular porcs [ 2. Predent in calc'te omed Plasiociave
Max. grain size (um). 1000 Classification scheme after: Mdem = Weschwrih Oversized pores 15 25 |lames than or.gruh size
affer comparison char from —— Sum porosity 29 | 14.5 |Not represeatatve of hole lin,
Sorting: modle be /2000 jona (4 according to composition: Swbaskose Diagenetic dissolution > B3 X T shawed be?
Roundness: amgulee po subangebs Ficrt bawer (43%%) | Classification scheme afier: Me (Beicle (396 Q matrix > X >
Sphericity: wedemie, spNAC Towwrmeral. (2015) L
Grain contacts (relative abundance): Rame Tum(lee1 Matrix limit (um). 30, Saloaicnts ety 3 2 <
Sum matrix N >< P
Detrital components & intraclasts Q cement R 4 GV~ g vt
count % Description, remarks F cement > 2
Oy  snsituiry 2.9 14.S Cc cement 6 3 Pore. ~Ellinn amd crlaaia *"“;_M ol
[ — 34y 17 Dolomite-/ankerite cement < >< > &
[ 5 2.5 Siderits cament < Se. ™
Qo * 3.5 Anhydrite cement o
Chert < < X Baryte cement X ZZ Q
Sum Q 75 #*s Pyrite cement p.3 PR DE
Alkali feldspar s P B Fe-oxide cement S LS Massive, amun-rimmitg
Plagioclase 12 E.S | Some guins purbially alited do seriite I1lite cement. 4 05 | Fibrows, bndaing
Sum F 17 2.5 Chlorite cement D N >
Lo < X ke 23 Kaolinite cement DC < >
Ly = P X Solid bitumen cement BT >C S
[ Pas o Sericile cement Z A8 [Aitered plagiocase
S & 2 Sum cement 2.4 4085
Lupe e > 57 1GV* 50 | 25
L Pl .3 X Q vein > e S
Sum L 4 4§ Cc vein 7 N o
Muscovite 14 F Duchie, Ksome have been compdressed
Biotite > b < Sum veins X < <
Chlorite X > o volume = porosity + cement + matrix
Fe oxide 49 AS | Porbly isbaclasts
Calcite 49 | 35 | Cryshalline, Suined pink o e
Psuedomtrix e > > P.A ig
Accessory minerals Abundance Grain size Roundness Sphericity g & " gé
Zircon 3 20-50um | subomaulenr / el rumte N ._/ . §§
oo oD ; 7 .
i i
{t
i

: RIS RO LE3 1HOTES BT SUMAATA R | =
Ehrenberg (1969), modied after Houseknecht (1987)

Figure A11: Thin section protocol for sample 33302 by student

Provenavn: 33 302A Antall punkter telt: 217 dobbeltpolarisert lys, hvit skitien enkeltpolarisert lys.
Angul@re/subangulare, lav til medium sfeerisitet.
Distanse mellom punkter: | mm Ko Ise: 100-300 pm.
Granulometri Bergartsnavn Logal 11 5.1 | Brunei eqkell— og dobbeltpolarisert lys. Angulaere,
Gjennomsnittlig kornsterrelse (pm): 220 Etter kornsterrelse: Finkornet sandstein lav sl'mnsl[el.-hgger Klemt mellom korn.
Max. kornstarrelse (um): 600 Klassifikasjonsskjema etter: Udden (1914); Komstorrelse: 30,0_600 ML
Wentworth (1922) Lav-pel 8 3.7 Bestér av flere mmm_;ler, illitt og kvarts. Illitten ser
nilete ut med en retning i seg. Klastene er avrundet
o . og avlange. Kornsterrelse: 200-500 pm.
Etter sammenligningsdiagram fra: Sum L 1 38
Sortering: Moderat/god sortering (Longiaru. | Etter komposisjon: Sublitarenitt Muskovitt 10 | 4.6 | Hoy dobbelibrytning i dobbeltpolarisert lys.
1987) Fargelost i enkeltpolarisert lys. En bestemt
Rundhet: Subangulzr til anguler (Pettijohn et | Klassifikasjonsskjema etter: McBride (1963) klovretning. Storrelse: 200-500 pm.
al., 1987) Psuedomatriks 9 4.1 | Ligger klemt mellom korn. Bestar av forskjellige
Sfaerisitet: Lav sfrisitet (Pettijohn et al., komponenter. Brunlig i enkelt- og dobbeltpolarisert
1987) lys.
Kornkontakter: Punkt- og plankontakter
(Nichols, 2009, Fig. 18.16) Porasitet og sement
Telt % Beskrivelse, bemerkninger
Intergranuleere porer 6 2.8 | Vanskelig 4 skille fra intragranulare porer. Storrelse:
100-200 pm.
Primzre | oz inlrﬂlda_uter - Int € porer 17 7.8 ggpnl:]ssl:;kl‘i]?_;]‘:]nzi‘fls feltspat som er opplest.
Tell | % Beskrivelse, bemerkninger Overdi porer |_13_|_6.0_| Store porerom. Starrelse: 2501000 pm.
Kan, ke undulatorisk 42 19.4 | Ikke undulatorisk utslettelse, gri/hvit i Sum poresitet 36 16,6
dobbeltpolarisert lys, fargeles 1 enkeltpolarisert lys. Di isk dissol 30 13.8
For det meste angulere/subangulere, lav sferisitet. Kvartssement 1 0.5 | Finnes kvartssement pa noen fa korn. Ma lete litt for
Komsterrelse: 150-250 um. i finne det.
Kan, usdulasorisk 58 26,7 | Den har undulatorisk utslettelse, gri/hvit 1 Kalsittsement 8 3.7 | Rosa farge i enkelt- og dobbeltpolarisert lys.
dobbeltpolarisert lys, fargeles i enkeltpolarisert lys. Klovretning i o reminger pé rundt 90°.
For det meste angulare/subangulare, lav sferisitet. Tlittsement Kl 2.3 | Gult/oransje i dobbeltpolarisert lys, fargelost i
Kornsterrelse: 150-250 pm. enkeltpolarisert lys. Hey dobbeltbrytning. Ligger
Ky, =3xx 12 5.5 | Har mer enn 3 krystaller i seg, det er en retning pa — mellom korn. ____ - - -
krystallene. Fargen varierer dobbeltpolarisert lys pga. Kaolinittsement 4 1.8 | Meorkt med hvite linjer som ligger i et spgslelt
forskjellige krystaller i ett korn i. Fargelest 1 menster dobbeltpolarisert lys. Fargelasnr
ey . enkeltpolarisert lys med det samme spesielt
enkeltpolarisert lys. For det meste R R mensteret, tikete. Ligger mellom korn. Sterrelse: ca.
angulere/subangulere. Lav til medium sfaerisitet. 100 pm.
Komsterrelse: 150-250 pm. Sum sement 18 83
Chert 2 0.9 | Svart med hvite sméi prikker i seg i dobbeltpolarisert Intergranulzert volum 24 111
lys. Fargelost, men ser skitten ut i enkeltpolarisert
lys. 100-200 pm. Tilleggsmineraler Mengde | Kornstgrrelse | Rundhet Sfeerisitet
Sum K 114 | 525 Biotitt Sjelden 200 pm Angulzr Lav sfrisitet
Feltspat 11 51 Klarer ikke & se tvillinger. IHlitt vokser langs Zirkon sjelden 40 pm Avrundet Hpy sfarisitet
willingaksene som gjor fel mulig & Vulkansk litisk fragment | Sjelden 100-200 um | Avrundet Hay sfrisitet
identifisere. Noen kom er ogsd opplest slik at man Ukjent grgnt mineral Sjelden 110 pm Avrundet Hgy sfarisitet
kan s¢ intragranulare porer i den. Gralig farge

Figure A12: Thin section protocol for sample 33302 by student
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x wan P s -
Samplename. 93 502 B Number of counted points. % © O Porosity, matrix, cement, vein minerals 'g
Worker count % Description, remarks
Due DﬂMrﬁ&Lﬁa‘_‘i e T4 T & 2
Granulometry Rockname Fine Sandhstane ; 3 %
Mean grain size () ;—:' - \‘io accarding 10 graim size ;Wm porse ! -
Max, grai { o vel pores.

£rain size (um). ©x m‘mm %‘ﬁmﬂ Ws““& Weatuorth (152 Sum poresity ¥ q g
according to composition Sub Litharenite | [Diagenetic dissolation =

aq &B) | Clamieaion schems aier: M Briee (1963)  [Qmamx g

2 :' e CLSF8) [ pasrix imit Phyliosilicate mar 3

(um) <]

a*‘d-\-'(:?.uvtt g < 10 iz 'g

Sum matrix o4

T 5 T g

count % Description, remarks F cement S

(C—— SS 18,3) Cc cement 30 16 <
(CH— 47 15,67 Loiomale-/ankerile cement i
Q550 (k3 5,63 Sidcrite comeat =
Q1 14 MUK 3 Anhydrite cement §
Chert k) 2.%3% Baryte cement x

[SumQ 140 [46,C% Ltp,....m °
Alkall feldspar £ 0,63 Fe-oxide cement + 2,% -8
Magiocias 12 ] 1iiie oement g
Som ¥ 14 n, 6% Chiarise cement @
Lo Kaalinite coment b
L o

v Solid bitumen cement a

L 26 & 6 53 (W] -

[y Sum cement o |2%.3 =

L 16V 2,3 | set alo wHadud Ehrtuboa.diy 2

! Q vein * 8

[Sum L 26 Lo} e ven <
‘e 3,63 ; 5

Biatite | lo,%3 |Sum veins @

Chionie 1 h(l‘“ﬂ volume = porusity + cement + matrix 5

T'c oxide 3
ae— 2

5

Psucdomatrix: 1\ 3,% _~' : gi g

Accessory minerals Abundance | Grain size Roundness | Sphericity f & - 53
Zircem T ’n.s' ~ 5o i o / . H

T 1 I L A

Q = quartz, Q,, = menocrystalline Q, Q, = polycrystallme Q. xx = crystals, F = feldspar, L = lithoclasts, L, = vokanic L,
fels = felsac, maf — malic, L, = sedinmstary L, pel = pelitiv, yain = panniitiv, L, = istemonpiiic L, Cr = valvile

F McBrde (1963) o e ot s s
(1989). immadifed afl (1987)

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

1mm TOTOCO!
Sample nene: S5 A0 D Number of counted points 4.0 | Forusity, matrix, cemest, veln minerals
Worker un % Descnption, remarks
Date Destance of points 4 ., .o, [rereemerve m_ .
Graoulomelry Rock name N i e — = l,
Mean grai size (ym). OO ™ according to grain s Amedlen 9.5 i Q.2
Max. grain size (pm) § o0 e ( hnlqﬂtm .—lnvqwn Oversized poces
uaden (IR uearumeria W21  [Som peresiny 10
afler comparison chart from peresity ! Tt §
Serting: medacevcly wod.  (Longioro () hocarding to compasition: S0 <Lk e e, Disgenctic dissolution
Roundness wnuian) 45 ot oo R dlasyicaton scheme Q marix
Sphericity: Swi. , SelHC Bride (196 Phliool
Gnmcmm(ummmm; CToacers 88 ) [ Matrix limit (gzmy < Jo RN y losilicate matrix
rabants (oeverSbarcaus alale
0058 sotnt povt | very o aunuced Swm matrix
Detrital components & intraclasts Q cement “ 1.4
count % Description, romarks T cement
[, SO 1S Co cement 1) 3.4
L A %.1 Deiomite-‘anker e cement
Qa0 <G Siderite comem
[ 29 Ariydrae cement
Chert | Raryte cement
Sum Q 133 Pytile cement
Alkali feidspar -y Fe-oxide cement 43 1.5
Plagiockese - Tilite cement .3 \
Sum F Lo Chiorne cement
Lo Kaolinite cement L 10.6
Ly Solad biumen cement
L 35 109
L, Swm cement 34 L+, 4
T GV a8 | R
L ) vein
Sum 1. 55 05 Ce vein
Muscovite 24 .4
Huotne S veine
Chlorie i O3 L valume = poeosity + cement + matrix
Fe axide
cume
“1-3 iAo A\ A
hif
Prucdomatrix 1.5 4.3 E i is
2 to
Accessary minerals Absndance Gorsin siee Roundeess Sphericity ! & - x’
Zircon o / B i
/ N
|
Q= quatz. Q, - Q, xx = crywaly, F = feldspee, L = Tihoctases, 1, = volcanic L, : I,
fels = felsic, maf = mafic, L, = :edaaun L, pel pelitic, psam = paamesiic, [ = metamaorphic L, Ce = calcite - ‘

Notinde (19631 e — e
Ehrenberg (1959). modded sfler Mouseknecht (1987)

Figure A14: Thin section protocol for sample 33302B by student
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Sanphe nene 33 3038 ST ——— Y D e —
l‘:" " —— ] e \ Db v gonm romark s
o |-
y ek v ,.:"“'""‘ (Y “g
Muss grom wos (g 190 sreding & g son 520 kil oo wesios roeme 2 1
Mt gram wor (pm X0 (ht e ath AN i e - -
ATyt e b e weobourl WAy S parsatn 5 26
Sorng Mo e csoting b1 compenineen. St dvene ade g e Sevebotions 3 156
D e e il i < dar st wninn b v Mg 8y de {,\,} Q wet - -
Spherity Low < Aot 4 thandoy — —
[(iowem coontae s rkstone dvaacbonce| oot sl e P~ ]
S otrin - -
I 2ol (avpeanats & w1ty O vomans > (54
o ) Ohew mgmam rmands r; e—— - -
“——— W1y s oo (¥ e
J— 57 289 A - -
L ] . Sk v cemaent - -
% - L O A vh e coment - -
(Ovent E i Norye comens ~ ~
Sem O w0l e Poren emmere - -
m* Vo cvri comow » -
Phagnnd b “ 4 e covnent > L
S 7 e A T Sy — — -
s = = - [ (%]
L - - Solal heurnes coreer - -
(% " 5.
L - o Sam ot =Y id.d
= - - (2N 37 (LA}
R (¥ e O ven - -
S L ED ~d o - -
Mas s i ) e
Ll - - =
4 b - - e prieele Limerd - meaty
Fo e - -
TIFiiA AV V.
[ 2.3 » p
Artovenry mioew s Aneadonm o L ? .
L - - - - i, / -
- -
Q = quans, = QQ, = 0. W% = arpwaie, F ~ Rbiger L~ Iifaachnan, L~ velease L .
Bole = S el malie L c sadbemennary | pot < putie puam < pesrens L mensenntn L Co - o -

' ' -
’ Vet 1)

Ww-w:nﬂh

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

Qa Qxx
fels = felsic, maf = mafic, L, = iedmm(:ryL,pel-pdmc.mm psammitic, L,, = metamorphic L, Cc = calcite

F McBride (1963)

Number of counted points: | 58 Porosity, matrix, cement, vein minerals
53 Distance of points:_0,5 MM = | mam. o X
of points: (J,5 -
Granulometry Rock name :‘ Lt 35 ‘3??
Mean grain size (um): 20 sscoting o gruin s Fine Seud) “mgramular pares 2 !
Max. grain size (km): 50 Classification x. Oversized pores 2 i
after comparison chart from: | —Et ol Sum porosity 4o 2(,2
Sorting: M\LM el according to composition: A CL KoSe 2 Y
Roundness: Rounded Chm(ﬁcma» .v:kau  after: Q matrix
Sphericity: VU frvm 10w o medivm chncle 0%3)< - -
Grain contacts (relative abundance): Matrix limit (,.my /“ ,._~—> matrix
(o Lot (enveKR {
Sum matrix
Detrital components & intraclasts — z 03
count % remarks E cement E N2
[ —" 10 153 Ce cement 3 25,1
[ 65 1346 Dolomite-/ankerite cement
Quiim (5 Siderite cement =
Qussa Anhydrite cement 2 G Me Suptum  counted
Chert o 2, Baryte cement i
Sum Q q4_| 50 T
Allali feldspar 51 24 [Fe-oxide coment
Plagioclase 15 9.6 lite cement % .3
Sum F 23 12,3 Chlorite cement
Ligs Kaolinite cement
B B i Solid bitumen cement
Lo Sum cement o | SEGT lﬁs
Lo IGv* oy 24%e
i Qvein
Sum L Z 1 Cc vein
Muscovite
Bloss i
Chidgis volume = ‘porosity +i ‘cement + matrix
Fe oxide
Prcdormatt: g ij
N vig
Accessory minerals Abundance Grain size Roundness Sphericity % < :. i%
Zircon f. rd i %i
Amgnbde T DG | anded | Tow/ ! pd i
Q- quare, = Crystals, F = feldspar, L = [ihodlasts, L, = volcanic L, fa 'g;
i

mmal w2 w3 Lo e »
Ehrenberg (1988), modified after Houseknecht (1987)

Figure A16: Thin section protocol for sample 39650 by student
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Sample name: 39560

Sphericity: Varics.
Grain contact: Primary concave-convex and plane

contacls.
Number of counted points: 247
Number of counted grains: 170 Rock name:
L According to grain size: Arenaccous sandstone
Mean grain size: 200 pm Classification scheme after: Miall (1990)
Max grain size: 350 um
) According to composition: Subarkose
Sorting: Good to moderately good Classification scheme after: McBride (1963)
sorted. Roundness: Rounded to sub
rounded.
Qu 69 28 41
T 28 11 16
Q 25 15
Q 6
5
83
9
5
14
T
T
3
| Quartz 15 6
| Feldspar 1 0
Calcite 16 9
Anhydrite 5 2
2 1
Illite 19 8
Total 58 23

Sample name: Number of counted points: ‘7 O Toked Porosity, matrix, cement, vein minerals
Worker. A count % Deseription, remarks
] Sample 39650 E“ e ot points: 1 sl 50 DL g S— = 2
Gran name
M:nnn:lm (um): 206 ) jaim according to grain size: Vg J ot S¢ Tekragrmwfax poces = —
Max. grain size (ym): '150 ™ Classification scheme after: m‘ [ ( um Oversized p'om — —
Sum porosity Z 3
Somngweu Sovbed - R_ H-, 0“\" 54. cj ((Q%ﬁ according to composition M/ Sieh~ Diagenetic dissolution — —
Roundness: Sub W }J Pasers ClL 193) Classification scheme afver Bide ( Heuma) fe Q matrix — =)
f}':::: mufnfmmvemv Matrix limit (um): Phyllosilicate matrix = =
20 4m w
Sum matrix e s
Detrital components & intraclasts Q cement I3 3
count % Description, remarks F cement _ =
O — 3 Q Al Cc cement IS |
Qu oty 60 34 Dolomite-/fankerite cement — ==
Qpzy g | 16 Siderite cement - —
L 24 12 Mauy edonauddd cushls inmile ot ‘Anhydrite cement — —
Chert b 3 v J u Baryte cement - —
Sum Q 187 ' Pyrite cement — —
Alkali feldspar [ b Most With Hudes Fe-oxide cement 2 |
Plagioclase 3 3 Illite cement o 4
Sum F 16 9 Chlorite cement — —
Ly EY l Kaolinite cement = —
[ 3 2 Solid bitumen cement = —
Loga | 0s :
Lopem 1 0.5 |Mel owmimile & Oz insik Lbhocliat Sum cement 19 q
[ Gve 2 | ¢ | 3% 00 1% Geut 0% Muhy
L.. Q vein = =
Sum L 2 ;) Ce vein = e
Muscovite — — St —
Biotite —_ = S Vel = =
Chlorite — — lar volume = ‘porosity + lar cement + matrix
Fe oxide — f—
Psucdomatrix —_ —
Accessory minerals Abundance Grain size Roundness Sphericity
Zircon ~ 100 s Raudid Boead
- Towimglivg 3 A~ O A«auh.. ﬂvnvnkf(
- Q, xx = crystals, F = fddsp‘l 1L = lithoclasts, L, = volcanic L,

Q.= Y Q.Q,=
fels = felsic, maf = mafic, L, =s:d|menuuyl pel = pelitic, psam = psammitic, L,, = ‘metamorphic L, Cc = calcite

F McBride (1963) =

e oA,

E}nnbug(iﬁss) marm.nuuammuun

Figure A18: Thin section protocol for sample 39650 by student
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Sample name: 39650
‘Worker:

Number of counted points: 395

Distance of point: 1mm

Date:
Granulometry
Mean grain size: 18 5um (based on 100 counts)

M, granin size: 360pm (based o 100 counts)

Sorring: well sored (Folk, 1968)
Remundness: sub-rounded to rounded {Pettijobn, 1987)

Sphericity - elongated to equant

Grain coumact: Plane (43%). Concave-convex (307%4),

sutured (1 7%) and point {§%)

Rock name

Accarding ta mean grain sz

Fine tn medium sandstone according to Udden- Wentwarth scale
(Miall, 2000).

Classification:
Suh-arkase (Mcliride, 1063)

Detrital I & Intraclasts
Count % Remarks
&3 21
93 24
20 5.1
Qp=im 17 4.3 Within some grains, crystals are elongated.
Chert 3 0.8 Coarse
Sum 216 54.7
Alkalifelds 51 13
Plagioclase 6 a1 "Albite twinning & obvious in some of the grams
Sum F o7 17 Microcline twinning & obvics in some of the grains
) P— 1 03 Needle shaped crystals within groundmass
Loes " 2 0.5 Dusctile grain, with clay-minerals
L B 2 Semi ductile. polyerystalline with maca
Lyceic & 15 Grains with phennocrysts of Teldepar and quartz
Sum L 17 43
Accessory minerals Abundance Sphericity
Zircon 2 Elongated
Tourmaline 1 Equant
Rutile 1 Equant to Elongated
Porosity, matrix, cement
Count k)
I lar pores K] 13
I lar pores 1 0.3 Due to dissolved feldspar
Oversized pores I 03
Sum porosity: 52 13
Quartz cement 24 6.1
Feldspar cement 3 0.8
Calcite cement 9 2
Anhydrite cement 3 0.8
Fe-oxide cement 2 0.5 Grain rim
Chlorite cement 1 0.3 Grain rim
Illite cement 1 0.3 Grain rim
Sum cement 43 11

Figure A19: Thin section protocol for sample 39650 by student

Thin-section protocol

i?mﬁlc rame: 29630 Number of counted points: 2678 Porusity, matrix, cement, vein minerals
‘orker: =
Dk ; Distance of points: SW¥# - count '!nL Description, remarks
Granulometry Rock name %, igpranslar pores 2 L1 | 3‘ /6
Mean grain size (m): 2, 0O according to grain size: 1Y€~ ”l:%‘,‘,:?ﬁ Intragranular pores 2 cdé
Max. grain size (um): ¢lesO ¢ }lg{g%«wm .\'cfl;;léger: SANES Oversized pores i
after comparison chart from: AL e Sum porosity 2o |144)
Sorting: =2 o according to composition Diagenctic dissolution 7
Roundness: 2,5 (FLOCEL) Classification scheme afier: Qs
Sphericity: 9)5-0,3 (FLOGEL) =
Grain contacts (relative sbundance): L ANME Matrix limit (um): Phyliaxhionto matcix
Sum matrix B
Detrital components & intraclasts Q cement 2 C 4
count % Description, remarks F cement J & "Lj g
S L
Qu e sssniiey £+ 9.5 Ce cement 2 6, 46
[ 37 l{;’, S Dolomite-ankerite cement :
[ 3 EN Siderite cement
Qe 15 ¥ 5/ R Anhydrite cement
Chert b ; 3.2S Baryte cement
Sum Q 1857 [ %,8T Pyrite cement
Alkai eldsper 3 [RZ] Fo-oxide coment 2 0.4
Plagioclase 3 335 Tilite cement 2 0,96
Sum F 1o ‘[, 19 Chlorite cement
Lo Kaolinite cement
Lot Solid bitumen cement
Lo P2l O UeTy :
T
Lopen Sum cement q ¢l 32
Dges GV*
L.PLUTON | 2 (A Zi_@ Q vein
Sum L ©.96 Cc vein
Muscovite %
mef Sum veing
Chlorite L volume = porosity + cement + matrix
Fe oxide
" -
Psucdomatrix. ¥
Accessory minerals ‘Abundance Grain size Roundness Sphericity :
Zircon H
BoTi1E 23 v | UMD o5 [Fl0&Er) i
Q=quartz, Q, = y Q, Q, = polycry Q, xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L, ' iz
fels = felsic, maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L, Cc = calcite
F 5 3 L

erg 11989), madtied after Housennecht (1

Figure A20: Thin section protocol for sample 39650 by student
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1hin-section protocol STI\RYMNWA L
~m$“.m »a8% © Number of counted pomss: | GO Porosity, matrix, cement, vein minerals
W ot
Date Distance of points. 4 w\ ¥y ;: lz: P
Granslometry Rockmame ATEnAClous SeO0mMEnG | [ P -
Mean gram size (um) %\ sccording 10 grain Sze: Miemm 9,3 P It pores (-2 ©
Max. grain size (jm) L,qu\ ‘X’?&‘?Kﬂ'ﬂﬂh sale (::moam Do ?O -
Ana\a \©  after comparison chart from: s porosity 10 e L
Sorting PO oC 15 ¢ ogoum ded |according to composition S b€ < | [Diagenctic disotution
Roundners bo:nﬁd o Classcation cheme afe \ ¢ B €\ niet: 0 %
[z -
m:‘m"el:.?mnd‘:;) 9 oA M-nﬂin-(myl)oh \°\‘3 Phyllosilicate matrix 3 1. ¢ J
Plone with Sowe POV B |
Sum matrix 3 S, L =
Detrital components & intractasts Q cement L) b P i |
‘count % Description, remarks F cement F) L, 6 E |
e 3 18 Ce cement L L =
[Ep—— L EETPY Dolomite-/ankerite cement |
Qe ¥ S 3 Siderite cement
Qo 39 | 2015 “Anhydrite cement
Chert 28 ol Baryte coment
Sum Q 93 S0 Pyrite cement
Alkals feldspar 20 10,5 Fe-oxide cement
Plagiociase 13 168 Tibte cement kS L1
Sum F 33 13,4 Chlonite cement
La 1 0,5 Kaolinite cement
Loes H 121 Solid brtumen cement
L o 1.0
Lo 5 2.¢ Sum cement 14 EIL!
[ F- 2 ¢ GV~ o 2701
L O [<] Q vein
Sum L 15 ‘24 Ce vein
Muscovite 2 Ul
Biotite [4) o Sum veins
Chlorite [¢) [~ *Intgrgranular volume = Intergranular porosity ~ intergranular cement + matnx
Fe oxide [e) [ —
&« i
Psuedomatnix o 0,5 -i‘
: \ z -
Accessory minerals Abundance Grain size Sphericity /2\\\ ‘ e - ‘
s P A W \‘\ 4 “
apsom T [X60 um | §obounddl W18 W\ \ / .
Llos® g 310 pm | poundidl | ted iom _«_\.\ N P ; ‘|
() = quantz, Q, = monocrystalline Q, Q, = polycrystalline Q, xx = crystals, F = feldspar, L = ithoclasts, L, = volcanic L, N\ . H
fels = felsic, maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L, Cc = calcite \ \\ . ‘

m— — " ——— — - o
Ehrenberg (1989) moddied after Housexnecht (1987

Figure A21: Thin section protocol for sample 39650 by student

Somple name. 3] 65D Number of counted ponts. AOO Porasity, matrix, cement, vein minerals
Di P 1 count % Description, remarks
stance of points
- o_ 4 s oo pores 15 15
« 3 [Tudeer (1901 |Rock name b \ : S
Mean grain size (um) 1 FOfMm eulel] 2ccording 1o grain size (B cymind Sendtbone = A 2 A\ =
Max gram swe (um) 360 Classification scheme afser: Oversized pores 1 (o]}
. ; 2 B Y Sk WP 5 DTS R e
afier comparison chart from: vl LAl [Sum porosity 19 9.3
Sone. el {0 veay ¢ iy, [Flig il according o compasition: SWoeeode Diagenetic dissolution 13 15
Roundness’ §o,\y o U;‘.ml Classification scheme afier: ) matriy 3 175-
Sphericity mades' 4 g (08 -0.¥) Chekzow (Sl D Reid e (19630 e — - 4
Cirin contucts {relative abundance ) “P" Matrix Lt (pm): ztr.,\ y
; Conbeck , Sanackay &F
Sum matrix g 2 ks
Detrital components & intraclasts Q cement q q’ 3
count % Description, remarks F cement 2 {
Qi mbicn =¥ ZF,S Cc cement T 3,5
0. 23 U, S Dolomite-/ankerite cement - —
Q, . 4 x Sidente cement - S
Qs 4 2 Anhydnte cement © x
Chent 13 6sS Barvie cement % =
Sum Q 93 Us.S Irite coment - —
Alkal | feldspor % 8. S Fe-oxide cement % \,3
Plagioclase é L Ilite cement /A 3
Sum F 4.5 Chlonite cement | 0,5
la. = b Kaolinite cement - -
b ] = Solid batumen cement = -t
[ 1 05 4 2
L. 2 | Sum cement 13 18.S
.
Lemipeippke_closk | 0§ Gy 28
*
L bhucamanh desk % = Qven = Z
Sum 1. [ 9 Ce vein - -
Muscovite | 0.5
Biotitc 7: \ [Sum veins - -
Chionte e - *I lar volume = | lar porosity + cement + matny
Fe oxude 1 05 commrrs
U realnlende | 0. -
¥ ! .
Pacdomatr iy - - . i
5 [ ¥ : 4
Accessory minerals Abundaace Girain size Reundness Sphe ricity ¥ & H
Zurcon N ’/ A ;3
Apoti 1 O e, Eiconied W i 4 i
5 i
0= quanz Q,, = monocrystalline Q. Q= polverystalline ©Q, xx = crystals. F = feldspar, | = lithoclasts. |, = volcanic | is
fels = Telsic. maf = mafic. L., = scdimentary 1. pel = pelitic. psam = psammitic. ... = metamorphic L. Ce = calerte -5

F McBnde (1363)

o comminn

o OO PO 04 YLD -
Ehrenberg (1389}, modified after Houseknecht (1987)

Figure A22: Thin section protocol for sample 39653 by student
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fels = felsic, maf = mafic. L, = sedimentary L, pel = pelitic, psam = psammitic. L., = metameorphic L. Cc = calcite

Samplc nane: Je—. 3743 3 Number of counted points: 25 & Porosity, matrix, cement, vein mincrals
Worker: ate count % D remarks
Gramlor l*:’fgf - Zels ::dmn{m: Lot Tl 4 5L
Mean grain size (umi: j 2 § 2o "-“: pinsizs fine o e o ﬁ:ﬁ pores .‘zf !n:
Max, grain size (um): M Classification scheme after: ized pores o
3’}'54” n&ﬁ;ﬁfﬁ] e Brcde (763 = 0% 5.7
yoed o m@‘a—-’mf Lonya -*@M acconding to composition: J Vv (€5€ Diagenetic dissoluts
chndness )dé vod u, ﬁ.—..\f#a e 1%4) | Classification scheme after: pA Boidt Mé3 Qutix
Sphericity: e dfevate o igh 1o §- 2% orei) & e ;
Grain contacts (relative abundance): o s e -cowv@A | Marix limit (um): . el
Cormfneds ;5 sy pivmat W Cop i) s
€ ety Sum matrix
Detrital components & intraclasts Q cement 7 74
count % Description, remarks F cement z o
L Xz 3he Cc cement v [
Lo — 44 LT Dolomite-fankerite cement
Qpaae yi k/hd Siderite cement
Qo e [d Anhydrite cement Fid 54
Chert 3 4T Baryte cement
Sum Q 2l P Pyrite cement
‘Allal foldspar ) Fi Fe aide cement Z 21
3 23 llite cement z ord
Sum F z3 %E Chiorite cement 7 o7 ¥
Lo Kaolinile cement
Loy Solid bitumen cement
[ G qp Uk COmCIA] 5 Z
Lo Sum cement o F (9L
-~ z o4 IGV* 208
L. favhe nedClaff ] 14 Q wein
Sum L 3 [7F3 Cc vein
Muscovite
Biotite [ oy
Chlorite
Fe oxide [} 2
- Z 753
Accessory minerals Grain size Roundness Sphericity
Zircon
Afagre ‘ cn i pm | Sthvouullcd i
Q = quartz, Q, = monocrystalline Q, Q, = polycrystalline Q, xx = crystaks, F = feldspar, L = lithoclasts, L, = volcanic L,

F MeBride (1963}

Etvenberg {1888), mdiad sl Flouseknecht (1687)

Figure A23: Thin section protocol for sample 39653 by student

Sample name

Number of counted points: 2| &

Porosity, matrix, cement, vein minerals

39653
b count Description, remarks
Distance of points: | rnm I s
Interpranular pores 1.1 %
Granulometry Rock name macdiurm- Hing sandste™> — ; T -
Mean grain size (pm): 10O - 30C according to grainsize: 12 §— 250 itppranuiar pores =2 33
Max. grain size (um): o)< Class fication scheme after: a6 Oversized pores 12 14,2
Afier comparison chart from Mall 19 Sum parasity
Sorting: Yocek - mockecstiyg goc acconding to composition: SUbavt KO € Diagenetic dissolution
1;:"4,.4,@5 svbro v\dm“ EF s ,_nk Classfcation scheme after: Mc B @ (12€3) | [Trmanic
Sphericity; oval-roune 'az . -
Grain contacts (relative abundance): : Matrix limit (um): L0 phm Phyllosilicate matrix
oSy plehe ~conkechs =
Sum matrix
Detrital mmpamnu & intraclasts Q cement : 5 2 29/,
count Dcsulphon remarks F cement %
'W-" T N 1236 = 5.2 -
Q TR TR [=36 =352% [Cocoment B £S5
[C— (2 Dolomite-/ankerite cement
Qpz5ex " iy = é, % Siderite cement
Quose i-o]~ 4, 6% Anhydrite cement M€ [ 277
Chent Baryte cement
Sum Q 11q S5, 1% Pyrite coment
“Alali fldspar some pequvdy disved 10 6% Fe-oxide cement
7
Plagioclase % llite cement =3 4%
Sum F Chlorite cement Ny
| Kaolinite cement
Bz Lolok =2 09 % Solid bitumen cement
Luga Gunsum cerent ||| =
Lspan | Sum cement 2 L \0.2%.
Lo M6 | 2 5% Gv*
Lea- sa M-y [).g5% Qvein
Sum L \2 S, 577 Cc vein
Muscovite 5
Biotite Sum veins
Chilorite L lar volume = porosity + cement + matrix
Fe oxide
)
.
Psuedomatrix: i;
Accessory minerals Abundance Grain size Roundness Sphericity i
Zircon H
- 3o Nte A ore 250 M m rounded ova\ E:
T OUC e\ re A6.rC 1SQ Am | cooncledt ronet &
Q = quartz, Q,, = monocrystalline Q, Q, = polycrystalline Q, xx = crystals, F = feldspar, L = lithoclasts, L, = voleanic L. l}
fels = felsic. mal = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L. Ce = calcite it
L., 3
F t4cBride (1983) L 4 .

A FRSETT 4RO T SCAENA -
Ehrenberg (1989), modified after Houseknecht (1887)

Figure A24: Thin section protocol for sample 39653 by student
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Sample name: 246 53, Number of counted points: 2545 Porosity, matrix, cement, vein minerals
Worker: . 1, count % Description, remarks
Date: Distance of points; mm TRt S 70 N
Granulometry Rock name
Mean grain size (um): 200 according to gruin size medinmn Sandstony Inlgg{anuhy poes 1 o4
Max. grain size (um): 50 O Classification scheme qfier: /‘1,0“ 1590 Oversized pores
after omariem chart from: Sum porosity 32 25
Sorting: Modevnke )y go0 ing to Sub /_J'l'ko e Diagenetic dissolution
Rousdnoes: SubromnDd = c.-kwgv‘v Classification scheme after: Me. Bovida. 1363 O Bttt
Sphericity. ¥ound to owal ——
Grain contacts (rclative abundance) Fn-v\lr conbacts Matrix limit (um): L 20um Phyllosilicate matrix
enl_plese contacts
Sum matrix
Detrital components & infraclasts Q cement & 16
count % Description, remarks F cement 4 0.4
Qu et 1+ 5.7 Cc cement 12 iy 7
[EN— & 384 Dolomite-/unkerite cement
Qp2ss 7 2+ Siderite cement
[ 7] 4.3 Anhydrite cement 23 |26
Chert 2. 3.5 Baryte cement
Sum Q 1HA 55.%F Pyrite cement
Alkali feldspar A2 12.5 Fe-oxade cement
Plagioclasc 4 o4 1lite cement 7 2.7
Sum F 33 12.9 Chlorite cement
Lyion Kaolinite cement
Lo 7 0.4 Solid bitumen cement
Lot 3
Lo e Sum cement H6 14
Loy o 1GV* 77 30 2
L. Q vein
Sum L. 1 04 Cc vein
Muscovite
Biotite Sum veins
Chlorite 21 volume = porosity + cement + matrix
Fe oxide
]
ot ] 4
YA Y
Psucdomatrix: . o /'/ 5 7 I g
/ . {»
» / /
= z 3 / / te
Accessory minerals Abundance Grain size Roundness Sphericity ! ,/ / i’ I il
Zircon 1 O/ mm Ji28 angular oval ol 4 | i
l / / In
Q=quartz, Q, = Q,Q,=r Q, xx = crystals, F = feldspar, 1. = lithoclasts, L., = volcanic L., » / I
fels = felsic, maf = muﬁc L, = sedimentary 1., pcl pelitic, psam = psammitic, 1, = metamorphic L, Cc = calcite ? - i
5T [
F McBride (1963) L .

it P D 0 COmmA T
Ehrenberg (1989), modified after Houseknecht (|967)

Figure A25: Thin section protocol for sample 39653 by student

WY 1 Number of counted points: A .
Diswance of poins: .'LOQ ] “q_ T 2 = e
-y Intggranulac 3
o s 14D M—-md *oh-c:arsﬂb“of\( (e pove
Max grain size (um): “/00 P™ mmm M‘Q\\“qqo) Oversized pores
after comparison chart from Sum porosity q 19¢
Sorting. w’mﬂlk) mdqnawodm wheorckose Disgenetic dissolution
Roundness: S v rouu@e&‘s oM -0,8) (Q marix
Gl.m-m(l?n:h)t ) Mn'-tla?(ds (|“|b3) Phyllosilicate matrix
AR
| Plane Coniacts /(0o niey s
! Sum matrix
Detrital compoacats & intraclasts () cement
count % Description, remarks F cement =
Qo ety B 133K Ce cement -
Q. 2 1o 2Y Dolomte- ankerite coment
Quiom [ b 93 | See drawmqs Siderte cement
Qe 21 110 39 [mosaic shructuwn cement |
Chent 3 2 uf | Coarse ("l,}tﬁ_///nt Baryte 2
Sum Q 1 X 22 cement =y
Alkali feldspar 12738 | se¢ drowinas Fe-oxide cement
Plag I3 |loay] — (i—— i cement :
Sum F 2R 1IX Rl Chlorite cement
Lo Kaolinite cement
Loy B Solid - -
L 2 .0q e =4
Loge ) = 73
[Ln oo 2 0,98 | Sce drawing N
Sum L S oL Y% vein__
] 050 See J0wims
Biotite 7
Chiorite
Fe oxade -\
.
y minerals Abundance -
Zircon Son > -
Ruhle Some '
Q - quanz. Q, - Q.Q,- Q, xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L, "
fels - felsic. maf - mafic, L micmuryL pel = pelitic, psam = pssmmitic, L, = metamorphic L, Ce = calcite -
r ¢ (1963) gl -

ENvenverg (1060) modted sher Houseknecht (1987)

Figure A26: Thin section protocol for sample 39653 by student
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Sample name: =7 0> D Number of counted points: N3, o 27| Porosity, matrix, cement, vein minerals
Worker: 7 count % Description, remarks
Dae; % Diswance of points. ¢ e
e Intecgranular pores
Granulometry ’
Mean grain size (ym) |0C — 2O according 10 grain size: “S-ses e :f\ vao| [l porey I
Max. grain size (um): YO (;Jlﬁ%mmn scheme gfer: -~ Oversized pores
Uddam — W PN ve 25
PEST— eS| [Som poroiy ZE (155
Sorting: (>0 N 3 according to composition: )0 3+ WD Diagenetic dissolution
Roundness: 22 -~ (@ Classification scheme after: 1\ ¢ @ A S Q mawix
Sphericity: O ~eA 7
Grain contacts (relative sbundence): P | ans— Matrix limit (um): (S Proflmlicstemmtrin
Ao polah Connxv/Torin e
Sum matrix P
Detrital components & intraclasts Q cement L 3
count % Description, remarks F cement =P >
[ T—— 20 Cc cement fi - 35 e
[T~ 10 Dolomite-/ankerite cement 12 N
Quism & Siderite cement <
Qpasn + Anhydite cement 4y Nk A, cr o TTANS
Chert Baryte cement
Sum Q Al 9.9 FFYr R oo~ e Pyrite coment
Alkali feldspar ks Fe-oxide cement 1)
Plagioclasc ! Illite cement {356)
Sum F £ £.9 M fe o% (L b Chlorite cement (45 )
Lyien (L7 \egee MWL o) Kaolinite cement C5)
Ly Solid bitumen cement
Lt,:l
Lopue Sum cement 2 [\6e)| 23
Laoe 1GV* ol Lz S| T N
L Q vein
Sum L A Ce vein
Muscovite
Biotite Sum veins >
Chlorite volume = porosity + intergs cement + matrix
Fe oxide
- - ot
Zicean ) ! 0, F |Lirnmwa N, Aada, b T~ » -
= iy 5 \ =
Psucdomatrix: E 1%
—TOTAL— 30 |55 o - =§
Accessory minerals Grain size Roundness Sphericity g < “E
Zircon [ [T i / . E;
oA T r~aAA R ] 0,125 wamn w2 | ololui= i / %]
i i
Q = quartz, Q.. = monocrystalline O. O, = polycrystalline O, xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L, gi

fels = felsic, maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L, Cc = calcite

| mmas ot CeRSAOTES b CEMATA oM 1N "
Ehrenberg (1989), modified afer Houseknecht (1987)

Figure A27: Thin section protocol for sample 39653 by student

Sample name: 29653 Number of counted points: an
Waorker: Dvistance of points: om 1o 2 om
Dvaate:
|Granulametry |Rock name
Mean grain size (manometer) E accarding to grain si: o062 mm
Max grain size (nanometer) 500 Classification scheme after:

after comparison chart from:
Sarting: Well socting according to compasition: Subarkase
Roundeess: Sub rounded to rounded | Classification scheme after:
Sphericity: Discoidal o spherical
Girain contacts {relative abudancel: Matrix limit (nanometer]: <
Point, plane and < comtacts

Detrital components & intrackasts:

% of the
total SUM

Compactica:
COPL= Pi

Cementation

Porosity loss
Pi

_ [100-P Gy

CEM
CEPL = (Pi — COPL) =

40

pUL BRI

1

% notal detrital
eomponents &
intraclasts

LI EpRe——— 47 18
Qo codaticey 4 50
Dsam e &
Dy L 7l

1 1
SUMQ 245 92
Alkali feldspar 2 1
Magioclzse 1 4
SUMF 13 £l
[ —— x
[—y x
erepa—— L] 3
Lemecnary-srasasiic =
etmcary-cartosans x
| —— x
Lot eotspareise x
LSS —— x
SUML g 3
Muscovibe x
Bintite x
Chilorite x
Psud eomatric x

Accessory minerals

Deseription, remarks
10| Dark Intergranular pores 13 o 3|
28 | Light enlar Intragranular pores k] ko] 1
4 dhversized pares x
4 SUM POROSITY 72 a5 15
6|Bath coarse- & yatall UTION  x
=2 )-matrix x
° Philosilicate matrix x
2 SUM MATRIX o o [
a {jmartz-cement 35 7 ki
Feldspar-cement 4 z 1| Both alkali and plagicclnse
Carhomate-cement x:
2 Cakite-rement 3
Hematite-cement 2 1 a
Gipsdanhydrite-cement ™ 14 &|Celacful calar
Mite cement
Meshwork illie cement 48 a3 0
Cutanes illite cement x
u Grain- rimmirg crystals illite cement 15 7 3
SUM CEMENT gkl L a8
GV 16 n =
Intergranular volume = Intergranular
[poresity + intergranular cement +
makrix
CEM 133 L 28
SUM VEINS
% of total SUM
Total af SUM 47
Total of Detrital components &
intraclasts i b
Total of Forosity matrix,
cement, vein mincrals = Sy

Figure A28: Thin section protocol for sample 39653 by student
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Porosity, msteix, cement, vein miniraly

il holets
3
o
S
~

Subarkeoge

eme afer: McBricle 1963

Ba

e hveor K

22

R T gl Py

Figure A29: Thin section protocol for sample 39653 by student

Thin section protocol
Sample name: #69653
Waorker: 213074
Number of counted points: 303
Distance of points: 1mm
Detrital components & Intraclasts Porosity, matrlx, cement, vein minerals
Count k] Count %

Om, nen-undulatory 85 28,0528053 Intergranular pores 28 9,24052409
Om, undulatary 24 7,92079208 Intragranular pores 2 0,66006601
O, 2-3 % 7 231023102 Oversized pores 3 0,99003%01
Op, >3 7 231023102 Sum porosity: 33 108910891
Chart o ]
Sum Q: 123 40,58940594

Sum matrix: a a
Alkali feldspar: 57 188118812 Count % Relative %
Plagioclase: 7 2,31023102 Q-cement 1B 594058406 24,3243243
Sum F: 64 21,1221122 F-cement 8 264026403 108108108

Cc-cement 20 b,600BE007  27,027027
Ls, psamite 5 165016502 Anhydrite cement 15 495045505 202702703
Lm,psamite 1 0330033 Fe-Oxide cement 3 099009501 4,05405405
Sum L & 1,98013802 llite cement & 1,9801%B02 B,10E10EL1
Others: Gypsum 4 132013201 540540541
Fa-oxide: 1 0,330033 Sum cement: T4 144224421 100
Opague; 1 0330033
Pruadomatrix 1 0330033 Gv: 105 34,6534653
Relativa OFL percentages for McBride[1965: = 133

Count(n]  Relative %
a 123 63.7305699
F 64 33,1606218
L 6 3,10830829%
This gives: QMFMI'.'!
Lower Upper Interval(=)

Interval O 56,518533 70,5136501 [57.71] : 64%2 7%
Interval F 255653953 40,2824366 [27.40] : 33%+T%/-6%
Interval L 1,14925608 6,64344514 [01.07] - 3%+4%,/-2%

Pu = LOD[BETAINV(1-2/2, n+1, N-n])
Fl = 100(1-BETAINV(1-3/Z, Men+1, n]]

Figure A30: Thin section protocol for sample 39653 by student
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2 BmSELLUE P vivLus
39654 Number of counted points: 264§ Porosity, matrix, cement, vein minerals
i fpoinis: {OCOL UV count % Description, remarks
istance of points: ANV =
Granulometry Rock name Intg et prs 33 13
Mean grain size (um): {30 according to grain size: FINE GRAMED SAWOGWVE | Intragranular pores 5
Max. grain size (um): 370 Classification scheme affer: | AlLL (199.0) Oversized pores il gt 1% SEI cousrttel .
after comparison chart, — T~ UpREN “WEWTWORT ST Sum porosity 232 13 L
Sorting: VERY0cp/ oD (©,35) ~ WGl v6 ) SUBARKOSE iagenetic di
Roupdness: SUBREWWDED 70 Rowipdd - FUck T8 Cla.uqunou sche; ﬂ MeBraoe (6 :
Sphericity: HCOERATE W MIGR (5t~ FLIG u,) "F I ‘,6.3) S
Grain contacts (relative abundance): Matrix limit (u Phyllosilicate matrix
PLANE. T¢ £0CAVE- (0w VER (OWTRALT ~ T fer{s) ;
- . Sum matrix
Detrital & Q cement 12 Y
# count % Description, remarks Fcement 2 %3
mtnary 30 28 Cc cement & 2,5
(e 35 14 Dolomite-fankerite cement
Qasw 13 S Siderite cement
(TN S Y “Anhydrite cement 11 4
Chen 9 g Baryic cment
Sum Q 132 53 Pyrite cement
Alkali feldspar 1| Y Fe-axide cement
|2 & Tllite cement 3 T
Sum F 23 9 Chlorite cement
[ ; nt H z HERARTIE C(ENENT
e Solid bitumen cement
: 3 1S GPoun, CEMEMT 2 |
5 2 Sum cement 51 21
| 08 1GV*
Q vein
mL g 4 Ce vein
vite Ca
Sum veins
orite volume = porosity + cement + matrix
1€ gxide
o prm—
. s bk . 1
. Bl -
3
> o
y 2 s §§
Accessory minerals Abundance Grain size Roundness Sphericity i Rd wig
Tireon .- W ii
TouRIRLIVE 150 v |oWorewncik | rede ot 3 / o
v
¢ -
Q= quartz, Q_ = monocrystalline Q, Q, = polycrystalline Q, xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L, lz
e
{

//

fels = felsic, maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, 1, = metamorphic L, Cc = calcite |
Fiaure a1 C0oal rnea L
Figure A31: Thin section protocol for sample 39654 by student
* Number of counted soints:  “{ 7 Y e i Porosity, matrix, cement, vein minerals
39654 e
Distanc: of points lf’N’V\- = e T‘%""“ J%_L . Description, remarks
Granulometry X Rock name SaraSont, IS = 3
Mean grain size (um)y |50 - 4'5{_, e according to grain size: & Na&ne\_ ineggpranilr pores 2 LY /
Max. graic size (um): (0P 7 460 12 Classficaion sheme a2\ A |, 3 ) (16y50)|  [Qsizetpores
= ¢ \’\‘\@r’i wparison chart from: Sum porosity A% 2. b/
— LQY\$‘O “ acconding o composition: - SLIO KR iagenciic dissoluti
28 Classification sch
e o tiRRe) ‘ g te (163 ) e
Grain contacts (relaffve abundance): 1, ¢ 5/ ( (44 ¥ '() Matrix limit (jum): LA iyllosilicate matrix
Sum matrix
Detrital componeats & intraclasts Q cement \ [21FA
count % Description, remarks F cement 2
e 2% ol Cc cement 2 [I=FA
Q. tastery b I 25 0/ Dol kerite cement
Qise [24 A0 £ Siderite cement .
L P 2f 7 Anhydrite cement Q Y. %
Chert 7 237 Baryte cvment
Sum Q 14) bA57 Pynte cement
Alkali feldspar L 3 1,0 / Fe-oxide cement
Plagioclas: S 2.4/ Tilite cement d LG 7
Sum F 22 13,94 Chlorite ement
L Kaolinite cement
Lt \ gy 3% Solid bitumen cement -
Lo 2 167 BUp SR 1 18R A
[ 1 o5 ) Sum cement x| 2 )7
T GV* o |53
L. Q vein
Sum L g9 (AePA Ccvein
Biotite Sum veins
Chionite ( (o {23501 T ) Y “Intgrgranular volume = Intergranlar porosity + intergranular cement - matrix
Fe oxide
AL o ey z
. \2{‘5’1' TEFIIATKYS I« 2
Psucdomairix: . .‘" A - i%
felet (R KA | - -t
Accessory minerals Abundance Grain size Roundness Sphericity H K S s - E’
Zircon LN 4 bt o - ﬁ
Y€ - GX ke 3 Lo-itur] ¥ou~dor Hgns i / i
R La Mo | Roundaoh | Fhal~ t Ly I H
Q = quartz, Q,, = monocrystalline Q Q, = polyciystalline Q, xx = crystal, F = feldspar, L = lithoclasts, L, volcanic L, = ﬁ
fels = felsic. maf = mafic, L, = sedimentary L, pel = pelitic, psam = psaminitic, L, = metamorphic L, Cc = calc e M si

A S G Lhie Soanmmend- - A
¢ Rccedsoy Lakicfosamend - mdepedi b

F McBride (1963)

00 ctwt v

ot e
Ehrmberg (19&9) modified atter Houseknecht (1987)

Figure A32: Thin section protocol for sample 39654 by student
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Porosity, matrix, cement, vein minerals

3 [Number of counted ponty.
= 39654 el 3 e
:mv Dnn-«d.-omu JLLVAN —— _ [ ntsrpranular pores 27 136
Mean grain size (umy. | 50 -mm«qmgmuu ﬂh,\ SANDE TON - |imtzagranular pores A 30
Max. g size gy || () Wmm Oversized pores
7 m& m\/ £y (}&TH |}/l:} Sum porosity 33 16,6
ﬁmu(ﬂ}u ARY G LovG SUBARK P
gﬂ ETT] A0HN Chut&anmmln-tdur =>U DA REOJE| [Diagenenc
wmm SPRERICIT iy MCNDE (763 | [Quuet
N“lw?w Vnﬁw 4-(0)\4_/\\/ E Phyllosilicate matrix
Detrital components & Intraclasts Sum matrix
count . Description, remarks Q cement y 3 1.O
(L — Xr 439 F cement
Qe 1171 Cc coment R U
WS 1h i L Dolomite- ankenitc cement
. [ A5 A et
) 1 Anhy i cement 130
Som Q 1A% el -
“Alkal feidspar (7 . 11 i Baryte cement
Plagioclase ;B 1,0 Pyrite coment
Sum F 53 yA% Fe-oxide cement
o lllite cement - 4 |, O
Lo | (%) Chlorite cement
[ 2 B L.O Kaolinite cement
Lo Sold bitumen cement
= 24BN .
Sum L kY L5 5"-“""" 15 &
Muscovie GV H2 1ALZ
Biotite Q vein
Chiorite Ce vein
Fe oxide =
Sum veins
lar volume = porosity + cement + matrix
Pruedomatrix: .
Accessory minerab Abundance Grain size Roundness Sphericity
Zircon
RUTTAE 1 Koom  IRQUND VAL a
Figure A33: Thin section protocol for sample 39654 by student
2 mmovL v P viovus
Sample name: S105 Number of counted points: 1 0 Porosity, matrix, cement, vein mincrals
mk'(" g b r . 1 count % Description, remarks
- S po UL Intergranular pores S5 1%°/,
Granulometry ; Rock name < T ) W/
Mean grain size (um): {20 ~ 200 MV"‘ according to grain size” Fy ¢ - Meclivn niragranular pores 10 lo
Max. grain size (um): 11'10 ’,‘_w\ (‘Ias.ry'mnnn.:d:mcajl m \Q00) Oversized pores Cl 1./._
after comparison chart from: ROEN: Wen Ghior tin J—-'—O‘A’L;“o/ Sum porosity Qq | Q l.
Sorting: Well seck :,j\ according to composition:  ©0.0 Ao Se Diagenetic dissolution
P sa Al [EEEEsaeey | S
G s (relative sbundance) (e Matrix limit (um): Phyllosilicate matrix
Dlone. Conkate. COMCAUE-CONE % S T E
Sukured Sum matrix
Detrital & intraclasts Qoement ) WA
count o Liescription, remarks F cement S 1°1.
(T 156 A Ce cement 1o (AT A
Qu wnbshasn 53 1527, Dolomite-/ankerite cement
Quase 7 2/ Sideritc cement
Qprn 1=} p 7 A “Anhydrite cement 0 9.7
Chert Q (& A Baryle cement
Sum Q 09 So*l Pyrite cement
Alkali feldspar 54 1%/ Fe-oxide cement [] A
Plagioclase 12 L Mllite cement | 1Y-
Sum F 79 173°%/. Chlorite cement
Lo 2 FE R Kaolinite cement
Lot Solid bitumen cement
[ ; 14
|feacn Lon-s A 1% Sum cement 50 12.°
ek 1GV* 109 2L | Inker ¥ OVeistreed + Ceamen
L [ D O B Q vein
Sum 1. 21 5% Cc vein
Muscovite &
Biotite Sumvelas
Chlorite volume = porosity + cement + matrix
Fe oxide
THETA T Y.,
Psuedomatrix L, = 15
3 = I !
Accessory minerals Abundance Grain size Roundness Sphericity i & - Ei
Zircon | SO Coumth g\ i P / 7/ " E;
. TOulenaline 11} 60 - 100 faw | L touath M ecd s E / s Eg
Qmqui, 0 @ O, = polyoysaline O, ¥= s, F = eidspar, L = Tihockses, L, = volcamio L, 4 I I'
fels = felsic, maf = mafic, L, ’Scdlﬂ:ﬂll\') T pcl pelitic, psam = psammitic, 1., = metamorphic L. Ce = calcite in g
Loneg i medapsa . f 4 X >
2 L t - MoBride (1963 o L T e T T
Lp: Pldeate ) Ehvenberg (1989), modified after Houseknecht (1987)

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

Mﬂ**wuﬂl

Sample name: 39 654 Number of counted points: 217 Porasity, matrix, cement, vein minerals
Worker: count % Description, remarks
gale: ::.s:)re of polnts:  \ M = pe— g .6
ran name
Mean grain size (pm): O, 2 M accarding to grain size: £1ne, 3A0Astone Intragranular pores 10 4,3
Max. grain size (pm): O, & »m Classification scheme after. Oversized pores
after comparison chart from. Mian Lot Sum porosity 4 W
Sorting: Lor\g iarw (.ag“ according to composition: SUDAKOSE Diagenetic dissolution
Roundness: Fibael (1415) Classification scheme after Q matrix
Sphericity:  Fiogel (1a1y) Mobride N2 Phyllosilicate matrix
Graln contacts (refative abundance): Tycker (\qgg) [ Matrix limit Gum); Y
Sum matrix
Detrital components & intractasts Q cement 5 z, .
count % Description. remarks F cement Ty Alce 50y
Qu dessstives B\ 382 Ce coment 16 b
(- 34 16.0 Dolomite-/ankerite cement
Qzan ] 9,2 Siderite cement
Q,uim 12 bl ‘Anhydrite cement [ 5,1
Chert K YH Baryle cement
Sum Q 140 652 Pyrite cement
Alkali feldspar 11 5,2 Fe-oxide cement
Plagioclase [ \,9 Twinaned, | black qeey, Whine 1llite cement X s sy
Sum F \5 i ) Chlorite cement
o= TPar ied LgnY ano, SEE |
L X accessory |Gowriess w sagle *TAESEA" g':*‘ - oiand Kaolinite cement
[ X ecessory [Das e in both swale and 975 i P R4 [SGid bitumen coment
Lo i
Loy Sum cement 32 15,2,
Lugd X 2ces50iy| Drown aud Black Lo M;M‘whm Tove 96 71,8
L. Q vein
Sum L Ce vein
Muscovite 5
Blotlte \ 0,5 [Proms © peocvroisge 1arielar Sum veins
Chlorite volume = R porosity « B cement + matrix
Fe oxide s
& S
Psuedomatrix: ... / J\ i
AT g
Accessory minerals Abundance Grain size Roundness Sphericity 4 | P
Z v i i i1
ircon } tl i
/ 13
¢/ 4 i
/ H & %'
oo / i ]
Q = quanz. Q,, = munucrysialline Q. Q, = pulysrystalline Q. xx = c1ystals, F = felbpar, L= lithuclasts, L, = voluanic L, i
fels = felsic, maf = mafic. L, = sedimentary L. pel = pelitic, psam = psammitic, L, = metamorphic L. Cc = calcite 5;
F Meswenssy L

Ehrenberg | 1989). modified after Houseknecht (1987)

Figure A36: Thin section protocol for sample 39654 by student
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Sample name: (1 &,

Number of counted points: 7.7 ©

Porosity, matrix, cement, vein minerals

count

Descnption, remarks

Mean grain size (pm):

Max. grain size (um): 4 L oy

Worker
Date: Distance of points: |
Granulometry Rock name

according to grain size: ( ~ ar3€ s
il

vl
sification scheme after; Sltwg

Intgrpranular pores

1

Intragranular pores

Oversized pores

after comparison chart from T o \ Sum porosity L
Sorting: (otd according to composition: vtk 1 ¢ Hau Diagenetic dissolution
Roundness: v ded Classification scheme after: Q matrix
Sphericity: ALy Phvllonlicet ~ -
2GS e osilicate ma
Grain contacts (relative abundance); Matrix limit (um) 0O M nyLosilicate matnix
' I¢ i T
A ¢ Sum matrix

[ ek | Detrital components & intraclasts ) cenal

count % Description, remarks Feomant

Cc cement

Dolomite-/ankerite cement

Siderite cement

Chert

Anhydrite cement

Sum Q

Baryte cement

Alkali foldspar AL 13

Pynite cement

Plagioclase \

Fe-oxide cement

Sum F 1.3

Tilite cement

Lo y

Chlorite cement

Lot

Kaolinite cement

Lopa 5

Solid bitumen cement

L.

P

Lo

Sum cement

1GV*

Sum L

Q vein

Muscovite

Cc vein

Biotite

Sum veins

Chlorite

Fe oxide

Psuedomatrix

Accessory minerals

Abundance Grain size Roundness Sphericity
Zircon
g, g ul $ | wywn b rpvdid -\ ay

Q - quartz, Q,, ~ monoerystalline Q, Q,

fels = felsic, maf = mafic, L, = sedimentary L, pel

polycrystalline Q. xx - crystals, F - feldspar, L - lithoclasts, L,
- pelitic, psam

volcanic L.

psammitic, L,, = metamorphic L, Ce = calcite

volume -

cement + matnx

porosity +

de (1963

Ehrenberg (1989). modified after Houseknecht (1987)

Figure A37: Thin section protocol for sample 39654 by student

Sample name: 30654

Number of counted points: 193
Distance of points: | mm

Granulometry
Mean grain size (um): 210
Max. grain size (um): 320

after comparison chart from:
Sorting: Well sorted after Longiaru (1987)
Roundness: Subrounded-rounded after Pettijohn et al.
(1987).

Ehe ity Medium-high after Pettijohn etal. (1987)

contacts (relative abundance): Plane (long) contacts

snd concave-convex (concavo-convex) contacts arc
abundant, but some point contacts are observed, after
Nichols (2009, Fig. 18.16).

Rock name
according to grain size: Fine sandstone
Classification scheme after: Wentworth (1922)

According to compasition: Subarkose
Classification scheme after: McBride (1963)

Counting — Detrital components & lithoclasts

Minerals Count. Percent [%)] on
[ 61 313 Colorlcss. non-undulstory cxtingtion
Quu endulatiry 43 2.1 Colorless. undulatory extinction
Orain 6 31 No dircction, suturcd contacts among the indented grains
Or e 3 0 No dircction. suturcd contacts smong the indented grains
Chent 3 ) Coarse- and finc gmmd various shapes: clongated to round, rounded
(Microcrystalline quanz) grain size: 110-130 pm
Total Quartz TI6 EE Colorless, Inw birefringence (whitegrey to light yellow), high
relief, grain size: 120-320 pm
Plagioclase T oS Albitc twins
A i 2 Lo Cross-hatched twinnin,
Feldspar a7 139 Colorless 1o slightly “dirty-looking™ or cloudy, no cleavage, no
(not classificd furthr) twinning, can be slightly dissolved, can be clongated, restangular,
blocky or xenomorphic in shape. [llitisation of feldspar occurs. Some
grains have undulatory extinction
Total Feldspar 30 154 Lower relief than quartz. grain sie: 100-260 ym
[ 3 K] No dircotion, phenocrysts, opaque mincrals and nocdlc-shaped
plagioclase crystals within the darker groundmass. Round to clongated
shapes, sometimes partly dissolved (probably feldspar). Subrounded to
raunded. Some of them arc ductile and squeczed into the pore space.
Ofen contains quartz and feldspar. Variance in relief within the clast
duc to different Tilite cement 3 20 Grain-coating — thin rim. High bircfringence calor (yellow). Ulitisation
Total Lithoclasts 3 L5 Grain size: 180 — 310 pm o feldspar ocaur
Apatite 1 05 High relief, “dirty-looking™, low birefringence (1 order), graim Sum cement 2 [ Quartz and illite farm first {closest fo grains). fallawed by calcite
size: 150-200 pm and carbonate, and then anhydrite and gypsum.
Counting - Porosity & cement 195 100
20 perasity + Il cement in this casc) =
Count Percent [%] Description GV
pores 27 139 Primary, Size: 0.13. 0.07. 0.25, 0.08. 028 0.1. 0.08.0.2, Accessory minerals, cements and lithoclasts
Intragranular porcs G ] Sccondary, often dissolved fcldspar and sometimes dissalved
Jithoclasts. Size: 23-50 um Accessory minerals, | Abundance | Grain size Roundness and Description
Sum Porosity 33 17.0 Varies in the rack cements and lithoclasts Sphericity
Q coment 3 K] Quartz-cement rim is ot very clear, often difficult to identify. Biotite Rare 140 pm Low-medium Strong pleochroism, brown, onc cleavage
Carbonate cement 1 03 High relef, two srongly-developed cleavage directions, colorles, high sphericity, rounded directian, =‘°"ﬂ“:“d-“ d"”'!' one grain is
Arhydrite coment B ) 3 Tourmaline Rare 100-150 pm Medium sphericity. No {or very weak) pleochroism, brown-
e [htm] tnlmltss hlgh bircfringence (\mdculnrs] righ reict, __ _green color, no cleavage, high relicl
sostads srlee deeial paive) Calcitc coment Not Cleas cleavage dircctions, angle herween
Gypaum cement 3 T Colorless, light grey / white birefingence colar, two stongly- _ sbundent therm s les than 907 Colored red
developed cleavage directions (approximately %0° between them). High eldspar cement — 5 10 grain, nol very extensive.
relief. (surrounds smaller detrital grains) bundan

Figure A38: Thin section protocol for sample 39654 by student
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-m.-..:aq [AL] Number of counted points: | =) P mucrs, crmen. ven mmers
:. Distance of points: | v, amat \ Descrgnun, ~emarks
g T
MM::::,M 100-300 |eomingte gt el oforad TN
(um): 500 C'-mcmz- afier = o
m:&-ﬂﬁu: 1290 Swm poroiey 9 [N
@ % & m‘h.-w_,/ ORPL" € haprmets Gwachurion
e ege .37 = —
Onmm(m-bnheo) oy o) Pt |Mars —J Pryllosiice sutn 4 1L
o T 1.0
mmmcm T = ?‘r; X
- -7 \q%q Description, remarks F comen 78 | Y
e Y 3!;: :-—-4—-— S — —
L % ll}q- St e
. D
Chent At e e L . o XN
o= 7 . ey R £l oo0
o Pyrite coment
e == s
= \Z_ 9.0 e — —
= : o [ r— C.-
= S £
o Som come Sk 1251
= GV
Sum . Y LY S
Vi o3 -
Biotite
Chlorite ey
Fe oxide - ha
rmm. 1
[y Grain sise e i 1\
Zircon § ’ /‘f 7‘
H / -
J-m = monocrystalline Q, yorystal Teldupar, [— l '/ l‘\
BT i ey P e i S . i
. \ - ‘
f VeBw Y \\ » e T C———
o) \ Erventerg 10, modfed sher Haouseknecht (1987

Figure A39: Thin section protocol for sample 39654 by student

Sample name > 4 S Number of counted pomnts: .0 lj’ Porosity, matrix, cement, vein minerals
Worker X count % Description, remarks.
Date Distance of points: | wya T 79 T R L
Granulometry Rock name
Mean grain size (um) & according to grain size. A Mﬂnuly povcs 2 Il
Max. grain size (um). 4 5 Classification scheme qlm \}“ w2 otan i Oversized pores
after comparison chart from: — Nk # [Sum porosity 21 EVA
Sorting: Mlentlay sorbecl according to composition: SHugwt 2a e Diagenetic dissolution
Roundness vowrelack Classification scheme after! 0 matnix
Sphericity: <quant
(fa': contacts (elaive sbundance): phune crabact, pos o | Matrix limit (uml: o #A0SAY Phiyllosilicste matrix
Wbk onl entr waltr
«|Sum matrix
Detrital components & mtraclasts Q cement Ea Wt Wil il
count 0 Descripuon, remarks ¥ cement |
[Ep—— a5 VO e ot ) T AT b e DR T [ cement £ 11
L0 Mp— . 5 LT AT Jot e et O WL Dolomite-fankerite cement
Qpssa |5 LT\ LT Siderite cement
Q3 s Anhydrite cement 2. 1\
Chert Baryte cement
Sum Q (30 3% | Pyrite cement
AlKali feldspar 3 I‘m 1 Fe-oxide cement
Plagioclase Tilfe cement 3 11\
Sum ¥ I3 2 “%a Chlorite cement
Loa Kaolnite cement
Lot Solid bitunen cenent
Lo 4 Wil W NI o A | \
Lepan AL 1\ Sum cement 2 [FOA
Lt 1GV*
L Q vein
Sam L. 6 2 C vein
Muscovite
Biotite Sum veins
Chlorite ey volume = porosity + cement + matnx
Fe oxide I e
ESER%EV AN L
Peuedomatrix I 1 ig
uf

z i
Accessory minerals Abundance Corain size Sphericity = & - &y
Zircon 9 4 // - fl

I i

Q = quartz. Q.. = monoerystalline Q. Q, = polycrystalline Q, xx = crystals, F = feldspar, 1. = lithoclasts, 1., = volcamic L, !y

fels = felsic. maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L, Ce = caleite

. MoBride (1963) -t

Ehrenberg (1969) muﬁndlmv Ho\mkneaﬁ (1987)

Figure A40: Thin section protocol for sample 39656 by student
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Sample name: 316 56 Number of counted points: 32 & Porosity, matrix, cement, vein minerals
Worker: count % Description, remarks
Date: Distance of points: 4 mm =
- e Intergranular pores 29 9
Mean grain size (um): | 80 gom acconding to grain size: -1 san{stone Inigagranular pores 2 L]
Max. grain size (um): 350 UM Cl.un\'Wum:ﬁn:w_qﬁt q Z_ Oversized pores
after comparison chart from: epnewsreh | - Sum poresity 10
Sorting Goo.L according to composition: Sclraw Kose Diagenetic dissolution
Roundness: kcu,hd'.edt Classification scheme after: M |3, e Qs
Sphericity: ow” i - - .
Grain contacts (relative sbundance): PLang. and. (ougMatrix limit (um): Phyllosiiicte matrix
Sum matrix
Detrital components & intraclasts Q cement 2 g (1
count K Description. remarks F cement e 1
Qo ooy 106 E%) Cc cement =) 5
Lo £2 19 Dolomite-/ankerite cement
Qo 1R Y Siderite cement
Qo 18 4 Anhydrite cement G %
Chert il ] Baryte cement
Sum Q 20 | 65 Pyrite cement
Alali feldspar 3 A Fe-oxide cement
Plagioclase 2 2 lfite cement B 4
Sum F 12 | Chlorite cement 3 A
Lo 4 0.3 Kaolinite cement
Loos A o3 Solid bitumen cement
b E 4 g (35"3“‘"” & A
Lpe Sum 20
Lop IGV* 27
L Q vein
Sum L 2 Cc vein
Muscovite g
Biotite Sum veins
Chiorite volume = porosity + i cement + matrix
Fe oxide
. = -

. TIFTSAIKT Y.,
Psuedomatrix: .. |5 4 is
Accessory minerals Grain size Roundness Sphericity i & - :l
Zircon o g / » ti

|V
Q = quartz, Q, = ine Q, xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L. ]

Q.Q,=
fels= l:lm mafl = mal'u L, = sedimentary L,

pel pelitic, psam = psammitic, L, = metamorphic L., Cc = calcite

F McBride (1963)

Ehvenberg (1989), modified after Houseknecht (1987)

Figure A41: Thin section protocol for sample 39656 by student

T

Sayie come 39056 ‘Nurtiber of coused poaty. 413 Porosily, Matiis. crmwat, \vin minerals
Worker | cous * Description. vemmarks
= prstes onun b T oo
Mean graun uze () 164 pm wocedeg o g wze  Fine sandstone; lotaagramdy poces 6 145 I
Max gras wze (ped 335 pm Clazsgficanon scheme sfer ! 15  |Ovened pores e
fom —_— Sm por oty 57 1
Sorting Vmwdm&mw accordag % compounon  Subarkose arenites; | e
Rowduess: 0brounded/subangular; Pettiiohn 1987 | Ciarycanon scheme s Peteijohn et of. 1973 Q e
m WWW Dmuohnl
Motrex Semat () 206 Povllowlsc ste suge
bm(sldn)la ‘MWMIQU
S matvis
Detrttal compovents & i sckasry Q coment 12 2.91 small on few places little lar
coust *» Descrgtion irmads |¥ comment 3 .72 is not often
[N— 114 2260 | Fresh look; subangular/subrounded Ce coment 9 350
Qn woie 18 1889 | Ususlty low undulosity erround 5° | [Doleeute ke coment
&;.. 24 5.08 | Sedere coment
Q.. 7 170 | Often < 10 crystals A e crures 8 3 On specific places
Chert 1 0.22 [ Very tear, costse chert Baryte cemest M
Sam Q 24 si24 TERr, COME cherl Pyrite cemens
[ Al el E¥) 896 | Partly dissolved Frote oo 7 096 Jom around grain of il cracks In dissolved grainy
Plapociie 15 363 Sometimes with twinning 1lste covaens
Sasm T 52 12.59 Clorte ceswnt 1 0.24 nside dissobved graing
Low Kackaste coment
Yo e
T 1 024 U OCORTATALIE rines s, GATK SOIOY, GUCTIe | Gypsum 3 | CEE) On the same places where Is snhydrite
1y 2 1 0. Larger Qz minerals, mica minerals, oc Sn coment 56 J13.56
(== 6 14 IStHiY, Breenesh brownish color GV n3 2736
m 9 6 2.14.45 Qz, Fid and Mica [muscovite) Q vemn
S L 189 42814 Ce vem
Muncowve
Buotae Saun \rint
Clilerste vebune = dae porouty « crment * matnt
Te ouie 7 UAF | <75 ym, 7:7 roundnes/sphercity
———— o g o o -
— IV IASKES Y,
Proeduae - . ;
" - ]l
/ o

Erverterg 1000 rocted sher Hossanectt (1987

Figure A42: Thin section protocol for sample 39656 by student
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Detrital components Count %
QII'.. non-undulatory 51
Oll:. undulatary 59
Qp. 23xx 11
Qp. =3 xx 5
Chert 8
Sum () 137 85
Alkali feldspar [
Plagioclase 7
Sum F 13 8
Intergranular pores & Count Y
cement
Intergranular pores 4 3
Calcite cement 7 4
Sum Total 161 100
Accessory minerals, Abundance | Grain Size | Roundness | Sphericity
intraclasts & cement {um) (Grain) {Grain)
Tourmaline Mot common | 200-250 Rounded High
Zircon Not common 75-150 Rounded High
Lv.mar Common 200-300 Sub Medium
Rounded
Lofat Mot common 150-200 Sub Medium
Rounded
Muscovite Common
[lite cement Common
Gypsum cement Common
Anhydrite cement Common

Quartz cement

Not common

Figure A43: Thin section protocol for sample 39656 by student

Sample Name: 39656

Number of counted points: 150
Distance of points: 1mm/2mm

Mean grain size: 10 pm

Sorting: Very good to good sorting (Longiaru 1987)

Max. grain size: 24 pm

Roundness: sub rounded to rounded

Sphericity: high

Grain contacts: plane-directed-concave,/convex

Rock name: medium to coarse siltstone
According to composition:

Litharenite to sub-litharenite

O, non-undulatory 40 26.6
Qs undulatory 51 34
Chert 2 1.33
Q{mlw_ris.'.alline 3 2
Alkali Feldspar 2 1.33
Plagioclase 6 4
Magnetite 1 0.66
Intergranular porosity 15 10
Intragranular porosity 6 4
Quartz cement 13 2.66
Calcite cement 7 4.66
Anhydrite cement 2 1.33
Albite cement 2 1.33

Sum 150 99.9

Accessory minerals

Remarks

Carbonate cement

Looks like calcite, but not coloured in red in the thin section, so
carbonate cement, but not calcite cement

muscovite

High birefringence colour

Figure A44: Thin section protocol for sample 39656 by student

Page 64 of 78



Quartz % of paints % of grains
Qm, non undulatory 125 28| e
Qm, undulatory 0| 20 31
Qp, 2-3xx 11} 2 4
Qp, >3 xx 10| 2 3
Chert 1 o 0
sum quarTz 27 53 82
Feldspar % of points

Alkalifeldspar 34 8| 12
Plagioclase 8| 2| 3|
SUM FELDSPAR 42 3 15|
Lithic Fragments. % of paints

Lvolcanic felsic 5| 1 2|
Lvolcaniic mafic 1 0| 0
Lmetapellite 2 1] 1
SUM Lithic Fragments 8| 2 3
Pores % of points

Intergranular pores 9| 2|
Intragranular pores 5 1

SUM PORES 14] 3

Cement % of poil

Quartz cement 8 2|

Calsium carbonate cement 96| 2

Hematite cement 17| 4]

Gypsum cement 9| 2|

Anhydrite cement 2 0

Illite cement 14 3

SUM CEM ENT1 148

Total count:
Total grains:

GV =

449
287

162

Cement, intergranular porosity and matriy

%GV =

36

Cement, intergranular, porosity and matri

% grains =

64

Figure A45: Thin section protocol for sample 48743 by student

Detrital components & intraclasts

Quartz Count % of points %% of grains
Qu non-undulatory 146 33 60
Qm, undulatory 31 7 13
Qp 2-3 crystals 6 2
Qp =3 crystals 11 2 5
SUM QUARTZ 194 44 80
Feldspar Count % of points % of grains
Alkali feldspar 34 8 14
Plagioclase 10 2 4
SUM FELDSPAR 44 10 18
Lithic Fragments Count % of points % of grains
Felsic volcanic fragments 4 1 2
SUM Lithic Fragments 4 1 2
Qm = monocrystalline quartz, Q, = polycrystalline quartz

Pores Count % of points

Intergranular pores 12 3

Intragranular pores 7 2

Oversized pores 0

SUM PORES 20 5

Cement Count % of points

Quartz cement 21 5

Calsium carbonate cement 113 26

Hematite cement 29 7

Gypsum cement 3 1

Anhvydrite cement 4 1

Illite cement 11 2

SUM CEMENT 181 41

Intergranular porosity +

intergranular cement 193 44

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

Sample rape. QA5
Worker

Number of counted points: G\ O

Porosity, matrix, cement, vein minerals

4 count % Description, remarks
zm St :i:n:::m'ms - | Intergranular pores = 3 Regceaank o o\ counbrd
M::.ym ur:e (pmy: 1S~ 200 M~ according o grain size: + N SOuAAB TN Intragranular pores (o) soeaRensanty (VAN
Max grain size (im). LSO -BOO P Classification scheme afier: o\ @ N Oversized pores ¥ 1

after comparison chart from: s..o Sum porosity 10 Y
Soru agjaccording (o ot ition: netic dissolution
:"""*'"'wc"’?-»«';"“"‘,.d,:’. i M%\Aiés\ Contesnon o e WD i (N [
o iy O abundance) bt T (um) Sy llodicalemalrix
o S R T T ) <A o~
Sum matrix
Detrital components & intraclasts Q cement 2

count % Description, remarks 1F coment 5.3
Qoo bb Uy YoccamX nart arc coleslakel Ce cement 2
Qs EEY 22 booes e Amded  geaguend Dolomite-/ankeritc cement
Qs H = ot daasol o pongeds Siderite cement
Qe 2 S apmdh antcanclasie (1SGY Anhydrite cement £y
Chert Y S Baryte cement
SumQ 130 | %63 Pyrite cement
Alkali feldspar 18 12 Fe-oxide cement [¥]
Plagioclase 2 \ Milite cement 3
Sum F 20 [ Chlorite cement
Lia Kaolinite cement
Lo Solid bitumen cement
L Graeswmvs |
Loy Sum cement SA 25
L) IGV* 2%
L Q vein
Sum L Cc vein
Muscovite
Biotite Sum veins
Chlorite volume = porasity +
Fe oxide
Psuedomatrix.
Accessory minerals Abundance Grain size Roundness Sphericity
Zircon Y M %8 v | Donded Low
Towrcaodwnd 2 50 X200 ] 3 2‘:‘“ ech -\k\o\\;\

D \ 12X R Mo sk o \n

Q = quartz, Q,, = monocrystalline Q, Q= polycrystalline Q, xx = crystals, F = feldspl( L = lithoclasts, L, = volcanic L,

fels = felsic, maf = mafic, L,

= sedimentary L, pel =

pelitic, psam = psammitic, L,, = mctamorphic L, (’c-cdoﬂg

F MeBrde (1953)

4 A I )
ENvenberg (1989), modifed sfer Houseknecht (1967)

Figure A47: Thin section protocol for sample 48743 by student
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Figure A48: Thin section protocol for sample 48743 by student
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Sample name 4434\, Number of counted poimts: 100 Poresity, matrix, coment, vein minerals
l‘:::tﬂ Distance of poists. 0, Srm - » Dietrigtion. tyside
Granwlometry - gppeialor pies a5 Tx | Aot Bue 4o dvwibon of Ot tememt
Mean grain sire (umy 14 swccording 10 grain sise fre sond - samdiione | Inggranular porey £y 000 | Exitby inte fumof bl fuchrs |
Max. graim size (um). 4o0 Claxsification scheme afier Onversired pores ® s
fhur ¢ s char from Sum porosity 1% LK
Sorting “-u‘:o‘nl Nmu‘l-\ VAYL | sccording 1o composinion. Subahae. Disgenetic divsatution 3 05| rek i chered ave due o dvwrten of (U icrod
Roumdncs Chassification scheme afer
spbercity: ek vl §H0IChy Mctgite 1143 Qe 6 30 [ odnd oper - \ust qaedin,
Grain contacts (relative abundancet CHWY - MWL Mastrin lieswt (o) PhyBosilicase matrix > - b
g 230 e, raile Clopm
Swm matriv i 24
Detrital components & intraclasts Q cemeont 3 ' M!! ‘! -“n-‘!" AW et Ghak oy
count % Description, remarks ¥ coment > ~ Gumalle  bob Lot voh somgal.
CO— N L33 IR e e quin gtoay abbiess doe ] (G comens 0 B S
L Npe— 13 29 Shory g . Dodonte amhenic cement & -
LT 2 03 lo- Siderite cement - =
Q, 4 [ 4.3 Eatedun, Vaire o Anhydrite coment > -
Chent 4 N D6 oh b0 Milamatale e e aryse coment N N
Sum Q 165 54 Pyrite coment s
Alkall feldvpar EYl MMA Fe-anide coment i Sed Y0 bk = Jur
Plgioslee T3 Lo [Anetabion wes” chiesved. Hiie cemem 4 18 oo e fom of fibiam g pabiade
Som ¥ 3¢ [P Chioesse cement - - -
b § 1 s Lindbesy whond wilehol god phione 8o | - [Ruobinie coment 3 [ 00 | Tougueiac et g e wea |
L - - < o Solxd beturnen coment
[ 4 08 [N obfuch ¢ Qofunl L ek Juie . |
[ . oxy |Gl & sy sad degodostfdbone qitm | [Som coment S [
L= 2 () GV 13 25
= T e vy eyl o
Sum 1, 1y wy Ce vein | o Eed udan quoh v’y finchue
Muscovite - - -
hotite - - -~ Sum veine | Py
Chlorie - - - [ volume - porosity © cement + matriy #
Fe ok - - - fear 02 ARO{”X
9 % s Ayrerdt - - $ o
* e ":;:t‘.'.-,".'.-l
30 .3
Peuedomatnix: - ”~ A I’
Accewory mineraly \bundance Graim sire Kowndness Sphericity i - . '
Ziecon - - - — o7 / -i
====c= 1594 "‘
= - =~ — \ 7 .
Q = quartz, Q= crysall Q. xx = orysals, ¥ = febdspor, L = fishoclasts, L, = volcamsc L, \ . l
fely = febic, maf = mafic, L= -cdmunn Lpd pelite, psam ~ pramemitic, 1~ metamorphic L. Ce » caleite \ - ;
¥ -t s -

! S A TE

quariz, Q= Q.Q,= i
fels = felsic, maf = maﬁc L= sedtmenlary L, pel = pelitic, psam = psammitic, L, = metamorphic L, Cc = calcite
a

N oM Suroxrotp BDOrILATED

Sample name: 42344 3 Number of counted points: 250 GErtidL Gl Porosity, matrix, cement, vein minerals
g":’" s f S 4 05%3 A2l count % Description, remarks
ci 3 Rmk ¢ of points: LO A o ar pores 25 g
I‘lﬂ.lﬂwl’)‘ ock name
Mesn grain size (um): 200 A4m according o grain size: Fime -GEanED Sanostona | Intgrunular pores 4 L
Max. grain size (um); 3OO ALV Clasfication scheme iy .. (2.000) Oversized pores 16 4 WALE - Bk, WAL INTRA
aftercomparison hart o —— Sum porosity TRRE%, | S5 14
Sorting: W EWL-30RTED = PECMIgR T A ") sccording to composition: s-uw/uw\ ¢ Diagenetic dissolution B 2
Roundness: SMl.mu-vw\B Pomses (A9S 5) Classification scheme after: 'Q matrix 2 EW
icity: LounsO T8 QU MCBRADE (w.s) - -
Grain contacts (relative abundance) Matrix Jimit (3m): Fhylioellicate fmetic = =
PLANE, ComtavE  CoreX s surveeo 20 prea
Sum matrix 2 4
Detrital components & intraclasts Q cement 22 ©
count % Description, remarks F cement -~ =
[ T BY 24 Cc cement (CARBonBNT) 12 ]
Q. ety ) 25 VAN W OTFORMATION LAMEL.AE Dolomite-/ankerite cement — =
Qussu (=) 2 Siderite cement - —
[ 22 4 EonbagD - & POMWEORAL CEUSTRMS Anhydrite cement 4 1
Chert 14 [2) [Bamse ceoment GHPSUM 2 4
Sum Q 4140 26 Pyrite cement _ —
Alkali feldspar 24 A4 MDBT /D TS Fe-oxide cement 19 5
Plagioclase 3 32 Tilite cement 1% %
Sum F uz 13 Chlorite cement - -
Lo = = Kaolinite cement [ =5
Lo 2 1 Solid bitumen cement — —
Lo 2 1
L, 3 1 Sum cement =3 2.0 A%0/e el |, 290 wRA
Lup 2 2 1GV* Ms 20 Poes 1o, cEmbne 14Y,  maax 11%
Liwpsena 2 A Q vein = —_—
Sum I, 12 =z Ce vein - S~
Muscovite — -
Biotite = = Sum veins o —
Chlorite - - volume = porosity + cement + matrix
Fe oxide - J—
J—
gl i (W Y. XN
Psuedomatrix: ... - - - S §
z i i " g Zos i
Accessory minerals Abundance Grain size Roundness Sphericity a / & . tg
Zircon 2 ~ 20O Ak RounctO ToumO i A /4 . E}
TrRMBaE 10 ~ DO a0 [Ty BneATEO p / . 2
CLINOTONS\TE 2 ~AS0um | sipamenaw RoUO > A E;
Q= Q, xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L, { li

F McBride (1963)

Enrenberg (1959) moaied aNer Houseknecnt (1957)

Figure A50: Thin section protocol for sample 48744 by student
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Q= quartz. Q,, = ¥
fels = felsic, maf = mafic,

Q.Q,= Q. xx = crystals, F = feldspar. L = lithoclasts. L, = volcanic L.
. = sedimentary L, pd pelitic, psam = psammitic, L, = metamorphic L, Ce = calkcite

¢ McBrde (1663)

Sample name: 48784 Number of counted points.  aq Porosity, matriv. cement. vein minerals
Worker count % Description. remarks
Date Distance of poimts: el T Y 2
Granulometry Rock name o — =
Mean grain size (um). 100153 according to grain size Fine-grained sandsione | Intiagrunular poces 1
Max. grain size (m). 200 Classification scheme after: pessonn (1873) Oversized potes " ::
alter comparivon chart from Sum poresity o L]
Sorting:  good Longiar (1967) ding to comp ubarkase g
Roundness. 06:07  Fiigel (2004) Classification scheme after: \cpride (1963) Q mustrix
Sphericity: 04-07  Fgel (2004)
Girain contacts (relative sbundance). Matrix limit (um). & PhyRosilicate matrix
mardy plane and concave-carmex
Sum matrix
Detrital components & Intraclasts Q cement T s
count % Description, remarks F cement
Lo R— s 42 Ce cement 10 3
Lo &2 s ankerite cement
Qv " s Siderite cement
Qusu s 3 Anhydrite cement 1 9
Chen 2 1 Baryte coment
Sum Q AL o Pyrite cement
Alkali feldspar 1" L Fe-oxide cement 2 L
Plagioclase b 4 Tilite cement
Sum F 2 10 Chlorite cement
Lo Kaolinite cement
Ly 3 is Solid bitumen cement
) 1 05 W Gypsum 2 1
L 1 o6 Sum cement 51 19
[T 3 15 1GV*
L. Lmpsam 2 20 Q vein
Sum L 1 s Ce vein
Muscovite
Biotite Sum veins
Chilorite volume = I lar porossty + cement + matrx
Fe oxide
o—r
YIS AT Y.,
Psuedomatrix: e | : !
" [ e i
Accessory minerals Abundance Grain size Roundness Sphericity ’ r s
Zircon 2 140 08 0 o / I l
._Glauconite \ 140 o8 o7 ! / - '
0 -
'i

Figure A51: Thin section protocol for sample 48744 by student

Sl q§7a9 [ Number of counted points: 240 Formity, matriv, cement. vein munerals
Vocker count % Description, remarks
Date Distance of pomts. | oy
Granslometry Roek aame A M e pout 1o 5.5
Mean grain size (wm) 150 % 150 pam sceonding o grein sice Fine Sondstone | inicppranaler pores O Q
Max grain sze (pm) 30G = 200 pam ¢ Overmzed pores
o (xm) 30 ” aa h:ghmu.ﬁ-«*(aa}\ — P .7_3; -;Zq
Sortng el wr o -xum-n 1 composition SUOOC KOS Di tic divselution -
- foundad. 1> (ounded. e ol
Sphericity: 0. 83 - ©.33 N(Qr da (QG3 ”\ Q et
Gram contacts (relative sbundance) Plouwn, Ound Mastrix it (pim) Pofloulicate matrix
[Point _mostiu
Sum matrix
Detrital components & intrachsts Q coment 13
oount % Descriptwon, remarks ¥ coment l]‘}
O 91 ) Ce cement 3.1
[T 53 2 Troloreic- ankerec cement
Q,, =] 3% Siderte coment
[ 1 2.2 Anhy drite coment | 1LY
Chent Baryie cemnent
Sum Q 164 Seo. 6 Pyrite coment
Alkal: feldspm 12 6.2 Fe-onne cement 3 ]
Plagrociase ‘o 5.5 lliee cament % 2.8
Sum 34 12, Chloriic cement
[ Kol inite cement
by Solid bitumen coment
Lips ) o.2 |ayPSu seen
Lo Sum cement o3 23
[ GV 2> 29
L Q ven
Sum [ \ Q.3 Ce vein
Muscovite aclessory
Buaitc [Sum veims
Chloriie aclessory *Intergramdar volume = Intergranular porovity ¢ in‘erpramebac cement + matrix
Fe oxsde \ 0.3
b )f”? fr‘-- T
Puaxcdoratric " 4 g 'i‘
Accessory minerals Abundance | Grain size Rousdoess Sphericity : 7 -
Ziroon 3CCe5507U|50 30 mm |5ub counded] 0 31 1.7 by, .
“TouRMALINE 1Cc@ 55004 |00 SO [rounded [ 0.+ -
Q* quarz, Q,, = monocrystalline Q, Q, = polycrystalling Q, xx = crystals, | = feldsgar, L ~ ihoclasty, L., = volcans | i .I
fels = felnic, maf = mafic, 1, ~ sodimontary 1, pel = pelitic, psam = psammitic, 1, = metamorphic |, Ce = calcte -

¢ MeBrice (1963)

U o s org-uete v o o B
Etvanteen (1909 modfied afer Mouseknectt (10871

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

A B

Thin section: 48745

Count:

C D E F

Thin section protocol, point counting.

Detrital components & intraclasts

Percentage Remarks

[Monocrystaliine quartz. non-undulatory

Mulmysulllne quartz, undulatory:

lline quartz, 2-3 crystals:

Polycrystalline quartz, more than 3 crystals:

a0l B3

Chert:

Sum gquartz:

s

Alkali feldspar:

Plaghoclase:

i ltn|fi|en

‘Sum feld:

=
=}

Pelitic sedimentary lithoclast:

Sum lithoclasts:

Muscovite:

Iron oxide:

Opague grain with red/brown colors around/inside it,

Sum

m =i o

there are several other grains like this as well.

Abundanc

Grain size

Accesory minerals:

Zircon:

3[80-100 pm [oval / round

Volcanic lithoclast:

3460 pm & 190 pm |s|hroqnded |round

Glaugonite

2[50 um [rounded |round
8

Sum accessory minerals:

Parosity, cement

Count

Percentage Remarks:

pores:

pores:

Oversized pores:

29|
o
10|

Sum porasity:

Carbonate cement:

|Fe-oxide (hematite) cement:

Sum cemant:

B2

Sum of all grains counted:
Sum of all porosity & cement

Sum of all points counted:

Percentage

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

Sarnphe name: 48745 Number of counted paints Porosity, matrixcement, vein minerals
Worker Count * Descirption, temarks
Date: Distance of points I torgranular pors ]
¥ Rock Aame Eragranulr peres
Mean gram size (um). 00 according 1o grain s Fine Sanastone [Oversize sores 2
Max. Grain sae (Lm): 1000 (Tasstcation sheme after wacen Wentworth scaie Sum porosity 4
Diagenetic
After comparaon chart from. |according 10 compasiton Subarksie Q matris

Soring Good Oassication sheme after McBrige Fryflosilicate matriv

Roundress: Subargular -

{Sphericity Low 10 high Matri limit [am): | Sum matrix. Q
Grain contacs {relative sburdancel. Peint and plane mest abundant & cement

F cemant
Detital components B imraclasts | Cc cement 17
Court % Descrigtion, remarks. Dulomie /ankerite cememnt

Qim, non-undulatoryl & Siderite cemen

Qim, wnauiatory) 38 | Anyhdrie cement [l
Gip, 2 3un) 16 Bargte cement

|Qfn. 23 w) b1 Pyrite coment

Trert 8 Fe-gride cement 14
Sum @ 142 fhae cemens.
\;A_aﬂ feidspar 5 | Chlorie coment 5
[ Pagiociae 2 Saoisite cement

Sum F 21 Sk bitumen cemont

Lv-1ei) =

Yw maf) 1 Qremica Sum cement 7]
Ys-pel Gy 27
s psami O vein

ym gell G vesn

Sum L [ 2

Muscowite [Sum veins o
wote *Intergr VO « CLOTRY Doncaity « interp COMENt + Matr
Criormie 2

Fe cuice

Peusdomatra

Accessory minerais Gran size Sphercity

Ceague 2

Zircon

Q = guartz, Qim) = ¥ Q,Qlet = ¥ Q, mn = crystals, ¥ « feidspar, L « lithoclasts, Liv) = volcanic L, e « felsic, maf =

mafic, Lis) = seckmentary L, pel « pelitic, psam < psammitic, Lm) « mesamonghic L, Cc = cakite

Samplc name 18 $45 Number of counted points. 2§ 2 Porosity, matrix, cement, vein mineraly
l“:':ﬂ - " 1 count % Description, remarks
istance ol points Y.
I I 7]
Granvlometry Rock name W ____I"'S.'l'““" o 0
Mean grain size (ym) 180 sccordig 10 grain size VEvy Yiwe. S omdk nigagronular pores o [
Max. grain size (uw) 5O Classifcation scheme afer:yy « P Oversized pores £ 2
after compririson chart from - 5 ¥ Sum poresity A6 (=]
Soting  Goedh Lonaioves, 487 |according 10 composition DudoaKese Disgenetic dissolution
Roundness Sudrowmded. ~ PP « 1453 | Classification scheme afler: e Bide. 1A63 Q matrix
Sphericity: 0,320, ~ Flilge) ( Loo¥
Cirain all:tbl u:luu',e abundance) g Matrix limit (um) 420 Phyllosilicate matrix
Ploma comtact - Tucke~ (A28 Mrn
Sum matrix
Detrital components & intrachists Q coment [T] 3
count % Description, remarks F coment
[CR—— Zé S\ Ce cement 2% 12
Qi 20 (53 ‘Dolomite-/ankernic cement
Quiine 1] 3 Siderite cement
Qs a3 ‘Anhydrite cement o £
Chent 5 3 Boryte cement
Sum O 19% 92 Pyrite cement
Alkals feldspar T 5 Fe-oide coment [F N b
Plagroclase ) 2 llite cement $ )
Sem ¥ (] £ Chlocite cement
Lo Kaolinite cement
[ 1 | Subd bitumen cement
L
Lepn Sum cement [13 23
g 1GV* 3|
L Q vein
Sem 1. | )| Ce vein
Muscovite
Biotite Sum veins
Chiocite I fae volume = | porasity + dar cemsent + matnx
Fe oxude
& e
h
Psucdomatrix |
Accessory minerals Abundance Grain size Roundness Sphericity : L] o
Zincon Y ’.i'
Towwaling . QOpum. | Subroumded [Low /0.3 | 1 /-’ i
! H
Q = quartz, Q= monocrystalline Q, Q, = polycrystallme Q, xx = crystaly, I = feldspar, L = lithockasts, L, = volcanic L,

fels = felsac, maf = mafic

= sedimentary L pel = pelitic. peam = psamnuitic, 1, = metamorphic L, Ce = caleite

1963)

Figure A56: Thin section protocol for sample 48745 by student
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fels = feluc, e = matic. L=

vah-n-,l pel = pelitsc, pram = pramerstic, L = metamorphic L, Co = caloite

vl
¢ McSinde (1963)

Sample name: 48745 Number of counted potste 49 ) Porenity, matrix, coment, vein mincraby
Weeks coust “ Description. remarks
Dt Distance of poines
Sl Votgtgrammiar poves 0 14% YT ——
y Rock same r
Mean geain size (-1 $0pm 0 pran e Fine teeggeransi puves L
Man. prain shee (pm) S0 Classgficanom sheme affer Wentworth (1922 Ovensised pores 4 1%
after compurisom chart frome Sum porenity ™ 165
Sorting: Goodmoderatly god  Losgiary (1987) acconding b compoutin:  Seharkose Diagenctic divolution
R (19%%) Classificanvn scheme after: Mcbeide (1961) Q metrin
bl Y Eguant-bladed Tucker (1991)
(Grain contacts (relative abundamce Matrin it () 2ym FhySosticans mmrin
Siene oomize) Tucker (1985)
Summ matriv
Detrital components & intraclusts Q coment
Count * Description. remarks F coment
L p— 183 e Ce coment a1 55
(L—— ) i Janherne coment
Q44 * | 5% Saderite cement
Qpeee 0 2% Ashydnite cement 5 g
Chert 0 2% Haryte coment
Sum Q L) a5 Pyrise coment
Alkals Seldspar s 5% Fe-oude coment 4 1%
Plaghos bane 3 1% Mae cement 15 L3 m goming coystale, pate shapod
Sum F 43 had | Chilorite coment
L Racdinse coment
L) Solid teswmcn cement
Lo 2 04%
1. ) 0.8% Sumn cement 1S 2w
(T K 1% GV~ 184 L2
1m s 3 1% Q vewn
Sum L 15 29% Cc vem
Muscorite 2 0.4%
Bacene 1 0% [Susm velny
i *latgrgransiar volume = Intergranular porosity + intergranular coment o matrin
Fe onnde
—
FFTIA S Vi
4 8 » i
Toeal grams oo H1% / ‘-
mineraby Abundane Gradn sire Rotsmdiess Sphericity | ‘- '
Zocon ) Sy Sebuaguly byues B
[ Rutile 2 Sy Subevunded Bladed o
L Towrmalins ‘ 1 Bouned Bladed and cqwens | 4 -'
Q= quarte. Q = ), = poly Q. xn = crystads, F = Seldnpar, L= Jithockants, L, = volcan L.

Tors e WETUT Vb o sontd pots 67 ' Ry —
o Rl -~ =—~

Sy VERY it = i Saman. | mosnting w compenmon St~ [ fatasints _'é -
| [ lmmnghcmnn sihone o “.. ) i [+]
o.--g%-—--uu Covvrn [Meve mnimr o 20’. l- ',‘)
L i)
v en & o p T 3

> e fSng C
15 by 2
!

T
i

Figure A58: Thin section protocol for sample 48745 by student
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C'm, nor-undulatory
C'm, undulalor
Op M
Qp>im

Chest

mQ

Al elements
(rain ot
Dpacue miness
Percenl Q
Percent F

108 Alkal Fddspar
2 Plagockss

& Sum F

“n

o

0 Lwfeis
5 Lv-ma
§ Lspe
L s-psam
Lmpe
L
uml

Mesconie
Eioite

0 Chioele
Fe codde

Pauedomaiiy

Infergranular porss

Infragranular porss 16
Oversized pores 2
Sum pososty 18
0 cement
F cament

0 Cocement

Diobomite-/ankerile cement
Siderile pement
Anfydrte cement
Eanye cement
i Py
1 Fe-gide cemen
ke cement
1 Chiorite cemest
28 Kanfinile camen)

Camer

= quanz, (4 = monacrysialline ©, O = polycrystalline @, xx = crysials, F = feldspar,

= lithoclasts, L, = voleanic L, fels =

Percent L 0 Sum other 32 Sobd Biumen cesent
Percent ponoshy Sum cement )
Percent cemen 1175105
- Number of counted points: 300 Porosity, matrix, cement, vein minerals
48746 ; S es
Number of counted grains: 185 N
b count % Deseription, remarks
Distance betweenpoints: lmm  } [ 12 40 [0.05-0.1 mm, similar to quartz shape/size, same clongated
Granulometry Rock name = - -
Mean grain size (um). 100 pm = according to grain size: Very fine-grained sandstone Intragranular pores 8 27 mall, secondary, in feldspar prains
Max. grain size (ump: 500 pm Classification scheme afier: Wentworth (1922) Oversized pores 17 5.7 |Looks like many formed preparing the thin-section
Sum porasity 37 124
Sorting: very wellwell (Longiaru, 1987) according to composition: Sublitharenite Diagenctic dissolution
Roundness: gular to subrounded (Fuchtbaucr, 1988) Classification scheme after: McBride (1963}
rain shape: quartz grains mostly round/equant { Tucker, 1991} 2 matrix
jrain to grain contactss mostly planar contacts, also some|Matrix limit (um): Fhyllosilicate matz
interpenctrating (concave-convex) contacts (Tucker, 1988) -
Sum matrix
Detrital companents & intraclasts Juarts cement 12 4.0 Dvergrowth on quartz grains
count ki) Description, remarks Eeldspar cement 1 0.3 Dvergrowth on feldspar grains
_y 29 9.7 b 03-0.5 mm, most are 0.1 mm, equant, subangular to Calcite cement 23 7.7 Pore-filling, sparry
. 101 | 33.7 pubrounded Anhydrite cement 8 2.7 [|Poikilotopic
6 2.0 [Feoxide cement 3 - T ——r—
2.0.4 mm, most are cquant, guler to Fe-oxide cement 17 3.7 ‘ot on the grains, microcrystalline
: & 27 Tllite cement 7 23 [Near the Fe-oxide, fibres
Chert 9 3.0 P2-0.4 mm_ oval, rounded. microcrystalline Gypsum cement 1 0.3 Poikilotopic
Sum () 153 | 511 s %27 % out of sum of prains (Q=F+1)
Alkali feldspar 7 2.3 |albite and pericline, microcline and orthoclase, .2 mm
Plagioclase 2 0.7 lbite twinning_round to oval, rounded, 0.2 mm
Sum F 9 3.0 Fs4.9% out of sum of grains (Q+F+L)
|Sum
™
12 4.0 Pval rounded, 0.1-0 2 mm, microcrystalling, micatguartz
5 L7 Plaiy_oval rounded, 0.15-0.2 mm, mica*guariz, lamellac Sum cement [ 23.0
3 2.0 Jval to clongated, rounded, 0.1-0.25 mm. guartz GV 0% 127
L ) vein
Sum L 23 7.7 5 12.4 % out of sum of grains {(}+F+L) Ce vein
Sum of grains (Q+F+L) 185 -
Chlorite 3 1.0 Flongated, bending around quartz, 0.1 mm in length Sum veins
Opague mincrals 2 0.7 uant, subangular, 0.07 mm *Intergranular volume = Intergranular porosity + intergranular cement + matrix
Glauconite i 0.3 ireen, grains with many small erystals, 0.1 mm
Muscovite 2 0.7 longated. 0.07-0.5 mm in length. bending around guartz ; : : =
El [ ¥ b
Zircon 1 03 bos- 01 mm. rounded £ L H
= H
[ |
Aceessory minerals Abundanee Grain size Roundness Sphericity ] 7 =31
Zircon Found > 10 0.050-0.1 mm Roundcd = . gg
Rutile Found 2 0.050-0.07 mp  Rounded i ~ 8
H -3
' iz
a3
i

felsic, maf = mafic,

sedimentary L, pel = pelitic, psam = psammitic, Ly, = metamorphic L, Ce = calcite

F McBride (1963)

" o o st Ch R
Ehrenberg (1989}, modified after Houseknecht (1987)

Figure A60: Thin section protocol for sample 48746 by student
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R

Q.Q,=
fels = felsic, mal-m-ﬁcL-!dml.lprd pelitic, psam = psammitic, L, = metamorphic L, Ce = calcite

mm 48746 Number of counted points: 26 Porosity, matrix, cement, vein minerals
% iption, remarks
Date Distance of points: Q_pg@ i om | - o l;ln = Description.
Granulometry Rock name ﬂl
Mean grain size (jm) 10 grain size: ENOOL COSE ntmgranular pores 2 {
Max. grain size (pm) C Iamﬁmnm scheme : Oversized pores 1l [¥]
after comparison chart from: S3— Sum porosity al \a
Sorting o | Diagenetic dissolution
Roundness Classification scheme after: Q matrix
Graint ;;m (relative abundance) Matrix limit (um) | Phyllosilicate matrix
Sum matris
Detrital & Q cement S )
count % Description. remarks F cement
Qi i Q4 47 Ce cement Ry
O 25 12.95 fie-Tankente co -
Q. 10 5 Siderite cement
Qi L Anhydrite cement
Chert £D Baryte cement
Sum Q 1S4 | 9% Pyrie cement
Alkali teldspar 1R 9 Fe-oxide cement i n 73
Plagioclase = A5 Tiite cement
Sum F aﬁ Q.9 Chlorite cement
L. . Raolinite cenent
AN e 3 Solid bitumen cement
L 1 los
Lo 5 a9 Sum cement A9 i
Log 2 1 1GV*
. bl 3 A5 Qvein
Sum L Y 10.5 Ce vein
Muscavite a4 ¥
Biotite [Sum veins
Chlorite *Intgrgranular volume = Intergranular porosity + intergranular cement + matrix
Fe oxide 2 B 0.S
¥ A 5
LT , £ 5 ig
Accessory minerals Abundance Grain size Roundness Sphericity i / {2 - '
Zircon q i % / / -
= 1 -
Q = quartz, Q,, = mon Q. xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L., - / 'IE

F McBride (1963)

\

Enrenberg (1968), modified afier Houseknecht (1967)

Figure A61: Thin section protocol for sample 48746 by student
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Figure A62: Thin section protocol for sample 48746 by student
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fely = febu, maf = mafic, |, = sedimentary L., pel = pelitac, paam = prammitic, |, = metsmorphsc 1., Ce

calcue

Sampic name: 48746 Number of counted pousts. 300 Porosity, matris, coment, veln aiaerah
Worker court ~ Dexcription, remarks
Date Destance of posnts: | mm
Intgygranulas poves [ 154
Granslometry Rock name -;- r
Mean gram size (umy: 114 accondang o gram sizc: Quartz arenite | Sspgramsler poves L]
Max. graim seze (um) 600 Clansgfication scheme after: Miall (1990) Oversized poces J 1
@fher comparison churt from Sum pocosity 43 134
Sorting Good 0 maderate according to compontion: Subarkose Disgeactic disolution
Roundnew. Subangular w0 subcounded Classgficanon scheme after:  McBode (1963) ) matrn
Sphencry:  Flongated to equant Py thomtic
Girasn contacts (retative abundance) Matrix bt (). 20 JIOUTIC: W
Sum matriv 0 0
Detrital components & intrackantn () cement s .7
court % Description, remarks ¥ cement
Q. 14 L] Cc coment 15 E)
Qu s il 104 Dolomsse-/ankenie coment
Qussen 4 13 Saderite coment
Qe 1 03 Anbrydnite cement 1 03
Chert 3 ! Haryic coment
Sum O 153 St Pyrite cement
Alkals feldspar 3 12 Ip_g‘,\.*m [ ]
Plagioclase 4 13 lilac cemen 13 [
Sem ¥ £ 133 Chloaite cement
L 0 0 Kaolsnite cement
(20 L) L Solid btumen cement
[ [ 1.3
Lo L L Sum cement $3 174
L (] 1GV* - 22
L mctapsammatc 3 1.6 O vem
Sum | 9 29 Ce ven
Muscon ise
HBaotne 0
Chloree coment + matr
Fe onde
“1 T AEYV. N R 1Y
¥ ) Y i ¢
Pucdomarin o of |
of I
1 8
Accessory minerah. A\busdance Grai vize Roundoess Sphericity ! . - 5‘
Ziroon 2 i vd H [
Toumaline s i / ;
Rutile [ > s "
Q = quartz, O, = monocrystalline Q, Q, = polycrystaliine Q, xx = crystals, ¥ = feldspar, L = Ithockasts, L = volcamc L, . |,

Etvenbery (1089), modfed aher Houseknecht (1957)

Figure A63: Thin section protocol for sample 48746 by student

Sample name. M R+ o

Number of counted points: 312,

Porosity, matrix, cement, vein minerals

Q= quartz, Q,, = monocrystalline Q, Q, = polycrystalline Q. xx = crystals, F = feldspar, L. = lithoclasts,
fels = felsic, mal = matic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L, C

olcanic L,

McBride (19631

:;/:fk" b, i 1 count % Description, remarks
te: istance of points P atatal
Intergranular pores
Granulometry Rock name . 0 = : - 32 10
Mean grain size (um): O, VLT Avna ccording o grain size: ®INE SA(OSTONE]|  |Intmgranular pores — 7
Max. grain size (um): QM OO Ann~ Classification scheme after: Oversized pores [
UL CAAA OO

after comparison chartfrom: |- c L"S T T Sum porosity 2R (v 5
Sorting: ™\ oa._ouna\ao S8 Aecy according to composition: qL%\‘f.g T ‘f‘ os<) Dingenetic dissolution
Roundness: 1\ 'O eI oS~ Classtficasion scheme after: Q matrix
Sphericity: Gaven i ~8aes (19e3) Phyllosilicate matrix
Grain contacts (relative abundance) Matrix limit (um): € 2.0 pAF Y

Sum matrix
Detrital components & intraclasts Q cement \7 =]
count % Description, remarks F cement —
Qo s S0 1o Ce cement = | 5
o p— ?3 LS Dolomite-/ankerite cement
Q, .20 =+ Zz. Siderite cement
Quasm S 1. Anhydrite cement & 24 i
Chert i o Baryte cement
Sum Q 136 494 Pyrite cement
Alkali feldspar 43 \S Fe-oxide cement 23 12
Plugioclase =+ B Illite cement (3 2
o~ Sq 13 Chlorite cement ! \
Loas Kaolinite cement
[ | O T o TR T | iy Solid bitumen cement s
)
Ly Sum cement 33 |25
Lt 1GV* Uus 23
Q vein
Sum L | [¢] Ce vein
Muscovite e i
Biotite 2 i Sum veins
Chlorite i lar volume = porosity + lar cement + matrix
Fe oxide | O po—
TEFEIA XY
Psuedomatrix l
Accessory minerals Abundance Grain size Roundness Sphericity &
Zircon 2538 pun [V (owmnel 74
L) /

¥ AL FOROMT T 43 1DTED 07 CLULATA oM ] D
Ehronberg (1589). modified after Houseknecht (1387)

Figure A64: Thin section protocol for sample 48746 by student
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Sumple nume: 48 96 Number of counted points: l :; FTatoL Porosity, matrix, cement, vein minerals
Worker. o2 i 159 2 e_*rrta.L count % L 1 remarks
Date. istance of points: | v vy e 2 5 A
Granulometry oA Rock e . £ 1 0 6
Mear griin sia iy § R according to grain sizeFm o Savdshon € | Intzagranular pores | 2 I .
Max. grain size (um): 2500™M lassification .u.hwm' ujler ‘t\h Oversized pores 5 8.5
Twer = 7=
afier comparison chart from: Sum porosity PLs 'TO
Sorting: el according to composition: Rar A-“: ‘;C Diagenetic dissolution
:o:cn::?s Classification scheme ofter i) B b & ‘(_ e, a G ) Q mawix
P Ovo. = >
Grain contacts (relative sbundance): I& ne Sy ”"a Matrix limit (um): < 3 ouwA Phyllosilicate matrix
oint coneor e —connex [
Sum matrix
Detrital components & intraclasts Q cement ? 53 D
2
count Ya Description, remarks F cement
35 35,9 Ce cement 10 q45
30 | % ,?’ Dolomite-/ankerite cement
S 4,0 Sidenite cement
s 7] ‘Anhydrite cement k] .5
2 3.5 Baryle cement
Sum Q IS 552 Pyrite ccment
Alkali feldspar ) 5,4 Fe-oxide cement ¥
Plagioclasc 7 3.0 Tilitc coment S
Sum A0 184 Cllorite voment =
Ly l on Kaolinite ccment
Lyon Sold bitumen cement
B o
Lo Sam coment T4 T3 Z
[ Gve Z] 30%
L PLoToy\ & 1 o4 Q vein
Sum 1. » 8 0.9 Ce vein
Muscovite | oY
Biatite i o.M Sum velns
Chlorite o 0.8 volume = porusity + cement + matnx
Fe oxide 2 0 Q '
L
- i
Psuedomatrix: ... 5 .69 \ i
— 4 = LG
. i
Accessory minerals Abundanee Grain size Roundness Sphericity " 5%
Zircon B
= w5
i
L
Q = quartz, Q,, = monocrystalline Q, Q, = polycrystalline Q, xx = crystals, F = feldspar, L = lithoclasts, L, = voleanic L, fﬁ
fels = felsic, maf — wfic, L, = sedimentacy 1, pel = pelitic, psam = psammitic, L, - metamorphic L, Ce = caleite 1 i
L

F NicBride (1963)

Enrentmg ( lsem noxsiied aiter Houseknecht ( 1567)

Figure A65: Thin section protocol for sample 48746 by student

Al A

Number of courted posmr

Dustarxce of powes

Mean grain sze (um)
Max gram size (um)

aher campr i (M) [
Sorveg
Roundaen

Spheaty
Gz cornacs (relatve abanderce )

Rock name
ccurding Vo e s
Clasagficanon schesas @fler

according 1o compositon
Clazsificanion scheme affer

Magrex fimut (e )

Porvaity, muatriv, coment. vein nvnersh

coumt

Descripton, remarks

o e

22

| Imiygeramalar pores

44

»
[
i

Overssted pores

SR ——) ) -

72

Q masrix

My Semiliate matren

[Sem mairi

Detrital cumpmoents & imtrachan

Q comernt

count

Deription. somarky

Cecomert =0/ /T2

Dobornite~/srioer e oomen

Siderme coment

Arbn i cemernt

Baryte coment

Tyrae cement

Feonide coment :‘!“:‘& !n
| lae cemem

CHorte coment

Kool mite cement

Solad betsmen coment

W7

U\.cm EL\HI ‘A\%,

Grain stee

Q= quatz Q=

meecrysalize Q. Q, = polycrystalion Q, xx = crystuly, ¥ « fefdpar, L = Meboxclanty, L, = volcamic L.

Tels = felsic, maf = mafic, L, = sodimentary L pef = peltic, pram * paamentic, |, * metamorpiue L, Ce = calcite

’ e (19834

Figure A66: Thin section protocol for sample 48747 by student
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1 hm-section protocol
?;:‘v{-:.mm. REEDE) Number of courmed porsts. 26§ 100) Poresity, matris, cement, veln minerah
e Distance of 30001 Armers i 2 Dierprier: romates
Girnn ulemetry Roek name ;mm(" i i %
m:v win ;.m‘w:‘lz zf\ o .ﬂ:p 1o gruin size ::‘ VTWE S AAOSTONG ;:E!‘I:‘ Stpons o >
prain size i o arslfioanon scieme afier erslaed pores 3 (
T COMpRA I ERaNE o TN ook MWM‘HHLQ Sam porusity (& 9:
Scing WEL. stVIES CO HPTeY (14961) socoeding b compastion Quord 2 eseyrile MHagesetle dissolution
Rounditess SURReL VOED ~ RN 030 Fou%'§ Clavsifousion schne ofier: Aeele (1ag 3) 2 rairy
Sghericiy: SPHEWIAL  Pow Lyes( 96y 09
Girain comtacts (relat vz abwndunce . PLAMAY - Matr Lol Gursk: Foybsoiicts mairix
IATERPELE AT Gt | ¢
TOLWER (19883 Sum matriv
Detrital componeats & intraciasty Q vemen 3 1 %
count S Daseripion, rewwks ¥ cement
[CA—— 120 5 7 Ce comen| o o %
LR, 1el 4 A Dalomite-zricerite cement
1 54 2 3 % Sickerite cement
[ 12 4 % A cestent 1 <Py
Chent Al Al Ace N Daryte cemen:
Sum Q 190 1 %™ Pyrite cenene
Alkeuli fedcspu heestmamen | Ao, Fe-exide ooment =] 4 o
Plagsoclase K2 2. % Iitite eervent
Sum I 3 3 % Chlorzo cenent
_1-»44- Knolinite oement
- 3 1 % Solid bituiven corent
loyes Sum cement 2L q 7
b Gy g4 | a0
. O vein
Sum | 9 1 % e vein
Mescovite Mg
Biatite Sum vebas
rlonte Ace . sgrgrazaes volime = o dar potasity + o cemant = marix
e oxude
“t
Nuodamatr x
.
Actessory nilmeraly Abundance Groin shre Haunduesy Sphericity ‘ ;
Zircon Accgtvames of
~Rovrie g Acc,
YYANITE LY -
0= guante. Q, = meooerystallive Q, qQ,= rulym walline Q, xx = crysinda, F = fehbspse, L = Bthoclasts, L, = voleanse L, . ¥

foly = fbsic, maf = paic, |, = snbowntory L. pel =

pebtic, peam = penmmitiz, |

w = melsmonpbie 1, Co = waicin

¥ Ve
MaBirioe (1953)

Figure A67: Thin section protocol for sample 48747 by student

Ervenberg (1085) raFd Sher HGasknech] (1987}

Sample name: g I ¥ _ Number of counted points: Z 3@ Porosity, matrix, cement, vein minerals
Worker. . count % Description, remarks
Date zis:me of points: A v = = T A
Granulometry ock name R s
Mean grain size (um): 116 aavmn ding to grain size: VEry, € fne. Sancistolje |Intmemanular pores -
Max. grain size (pm); GOO vy Classification scheme after: Oversized pores ES ﬂ S S
after comparison chart from: cn(ial) 5 weatworth(iqzz Sum porosity o+ AR YA
(P "
Sorting: 1 udecotelu o/ edurale. Lonsiara Recording 0 Sukarkose Diagenetic dissolution
Roundness: ﬂvrwﬂodd SMQ a Lo, mg.«b- s} Clamﬁcannn scheme afier: Q matrix
Sphericity: %‘A Erida (1963) Phyllosilicate matrix
Grain contacts (relative -bunﬂm P\au (oa A @ (_vj Matrix Im'ul (nm)
£ (G0QrC ~conyox COdacts Tucler (1ag%] O um
Sum matrix
Detrital components & intraclasts Q cenen ACC SO
count % Description, remarks h cement I
Qo entiam ™ 3.4 Cc cement 12 4.5y
Qv 120 4\ ,a5 Dolomite-/ankerite cement
Qpurn E] A4S Siderste cement
Qps3 Ea 2.HS Anhydrite cement e SSroy
Chent : 1,35 Baryte cement
Sum Q 161 563 Pyrite cement
Alkali feldspar 1% 0.2 Fe-oxide cement 16 5,0 |Mostln oS cim
Plagioclise ] 0,35 Tlite cement 5 1.35 ~
Sum F 49 b.es Chlorite cement
Loa ) 0,35 Kaolinite cement 2 Q, 4
Lo Solid bitumen cement
Lo L 1 -
Lyoun Sum cement 20 AL ©
L, 1GV* 0O 2.5
L Q vein
Sum L 3 1,08 Cc vein
Muscovite A CCe Jsavia
Biotite Bcce nc Sum veins
Chlorite T volume = parosity + cement + matnix
Fe oxide —
-t .. ;
- ST IA N,
Psuedomatrix S /.
z :
Accessory minerals Abundance Grain size Sphericity E /e‘
-
Zircon fecessody i' 4 / /
; 1 L
Q = quanz, Q, = monocrystalline Q, Q, - polycrystalline Q, xx ~ crystals, F ~ feldspar, L - lithoelasts, L, — volcanic L, of
fels = felsic, maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L, Ce = calcite
7

F MeBride (1963) Tt e T T
Ehrenberg (1889), modified after Houseknecht (1967)

Figure A68: Thin section protocol for sample 48747 by student
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Q‘-qqu = monocrystalline Q, Q, = polycrystalline Q, xx = erystals, F = feldspar, L = lithoclasts, L = voleanic L,

fels = felsic. maf = mafic L, = sedamentary L. pel = pelitic. psam = psammitic, L, = metamorphic L, Ce = calcite

’ MeBrde (1963)

Sample name: 61330 Number of counted points: 200 Porosity, matrix, cement, vein minerals
Worker: pon, venmrks
Date: Distance of poizts: 1 mm com Deicighin,
Cranul Rock Intgrgramular pores 4
name
Mean grain size (um): 100 ym according to grain size: Very fins sandstone Jstraprandhi pocss 3
Max. grain size (um): 940 ym Classification schems gfter-Udden-Wentworth (192]) | Oversizad pores
Qfter comparizon chart from: Sum porosity 7 35%
Sorting: Modu’a:e!_v Longiars (1987) ding to Sub Di: tic dissoluti
Fachtbaver (1988) Clazsification scheme fier- McBrids (1963) Quminix
Sphericity:
Grain contacts (velative abundance): Mostly plane Matrix limit (um): < 20 gm Phyllosilicate matrix
contacts
Sum matrix
Detrital components & intraclasts Q cement 10 5%
count % Description, remarks Ty
88 Ce cement 13 65 %
7 Dolomite- ankerite cement
3 Siderite cement
3 Anhydrits cement
3 Baryte cement
54 Prrite cement
10 IF_e—o:ddecsnm 52 26%
1 Tllite coment
1 Chlorite cement
Kaolinite cement
Lo Solid bitumen cement
L
Lo Sum cement 75 375%
T IGV* 79 39,5 %
L. Lm(psam) 2 1% Qvein
Sum L 2 1% Ce vein
Muscovite
Bictite
Chlorite
Fe oxide 4 2%
~ Carbonats i6 8% = 3
i
-- B
Psuedomatrix: -d
"
A y minerals Abundance Grain size Roundness Sphericity - !}
Zircon 1 -B
i
N
it
!

Ehvenberg ( 1989). moded aher Houseknecht (1987)

Figure A69: Thin section protocol for sample 61380 by student

Sample name: 61380 Number of counted points: 62 7 Porosity, matrix, cement, vein minerals
Worker: o
Date: Distance of points: {r m e pe— T :;um 3 ,: 5 Dtecipion ety
Granulometry Rock name
Mean grain size (um): | 0G/AM ding o grain size: very §itt -3 e3nc Sead | finigagranular pores 14 254
Max. grain size (um): £ gofam Classification scheme after: ¥ ‘q" etal Oversized pores [5) &)
comparison charlfmm 3% Sum porosity 36 5,77
Sorting: I’\"""‘ """l, L°"ﬂ""'~ to : Arkose Diagenetic dissolution
Roundness: S45 419 o submund,d Classification scheme after: Hch(h 1ae3 Q matrix
Sphericity: how spheacisy e 10 Phyllosilicate matrix
Grain contacts (relative ahu/:'iabmﬁ PA‘&! A Conbacs Matrix limit (um): O -
Sum matrix
Detrital components & intraclasts Q cement 7 LI
count % Description, remarks F cement
Qs 170 2330 [ Colecless in PPL, qrey {s black XPL Ce cement 1 G, 16
Qu sy 2 0,32 Dolomite-/ankerite cement
Qo 13 T 5g Siderite cement
Qo1 7 1,12 Anhydrite cement 56 8.97
Chert o Baryte cement
Sum Q 197 31,57 Pyrite cement
Alkali feldspar 141 1289 | cdorless, clushy ia 9PL Fe-oxide cement ] 6l 25,36 | Reown
Plagioclase 3 04§ Ao ye +wianing Tllite cement
Sum F ‘Hy 13598 Chlorite cement
Loss Kaolinite cement
Lor Solid bitumen cement
Lo .
Lo Sum cement 125 36,06
Lz 1GV* 244 33
Loy +P3a % ©,3% Q vein
Sum L X S, Ce vein
Muscovite 1 0,16 __
Biotitc 1! L7 Sum veins
Chlorite eI volume = porosity + cement + matrix
Fe oxide 2 1,28
SUA 26| 3.4 ol e
> $FTATYVYA
Psuedomatrix: .. .i, 1= gs
Accessory minerals Abundance Grain size Roundness Sphericity % & - :i
Zircon i S f -
Wl s "ii
Q quartz, Q, = Q.Q,= ine Q, xx = crystals, F = feldspar, L. = lithoclasts, L, = volcanic L, B i é[
fels = felsic, maf = mafic, L, = xedxmenmr) L pel pelitic, psam = psammitic, L,, = metamorphic L, Ce = calcite | o i
% &

F McBride (1963)

$ CRGIALL FORCITY DIRTIOVED 7 CEWENTATION Pal
Ehrenberg (1989), modified after House‘mechl (1587)

Figure A70: Thin section protocol for sample 61380 by student
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e

Q= quarz, Q,, = monocrystalline Q, Q, = y Q

xx = crystals, F = feldspar, L = lithoclasts, L, = volcanic L,

fels = felsic, maf = mafic, L, = sedimentary L, pel = pelitic, psam = psammitic, L, = metamorphic L, Cc = calcite

r McBride (1963)

Sample name: Number of counted points: | LD Porosity, matrix, cement, vein minerals
;;'"m« Sample NN TR count % Description, remarks
= ance ts:
Gr: - ooy Jaen Intergranular pores (k] +,5%
nulometry Rock name 3
Mean grain size (um): OO S according o grain size: (M@ e Iael [ ntragranular pores z 0%
Max. grain size (am): 42O goanms Classification sch er: MePedo_ Ovensized pores 1 053
after comparison chart from: | — Artanite — Sum porosity T [%95
Sorting: AP Welt —> Liaes. according to composition: Diagenetic dissolution
Roundness: (43, 7] Classification scheme after:
b vl 7 gh’;‘l:i’:iulc matrix
Grain contacts (relative abundance): 7 ey 2 Matrix limit (jum):
28y A‘i.cl*
& Sum matrix
Detrital components & intraclasts Q cement
count % Description, remarks F coment
Qu v embioney V74 b3 Cc cement 14 F53
Qu wsimry Dolomite-/unkerite cement
Qrsm Siderite cement
Qs l 0,53 Anhydrite cement [ 9.l
Chert Baryte cement
Sum Q o 3,0k LB0 — 2L Lo g Pyrite cement
“Alkali feldspar ™ [P Fe-oxide cement
Plagioclase Z 4 ol Tlite cement 1 0,83
Sum F 10 [ib;St| 250 — O p il Chlorite coment
Lugs [ 053 Kaolinite cement
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Ehrenberg (1989). modified aer Housaknecht (1967)

Figure A71: Thin section protocol for sample NN by student

Detrital ¢ and intraclasts
Count % Description, remarks
Qm, non-undulatory 68 (32,1
Qm, undulatory 34(16,0
Qp, 2-3 crystals 12(5,7
Qp, =3 crystals 13|61
Chert 7033 Count %
Sum Q 134| 63,2 Intergranular pores 5|24
Alkali feldspar 2|09 Albite twins Intragranular pores 6{28
Completely dissolved
Plagioclase 94,2 Mostly with twins e A grain
Sum porosity 14]6,6
Sum F 11|5,2
CO3 cement 221104
Ls-pel 41,9 Bended between grains
small grains in clay lllite cement 8[3.8
Ls-psam 10,5 matrix
Sum cement 30(14,2
Lm-psam 105 Matrix 14]66 Pseudomatrix
Sum L 6|28 Sum porosity, matrix and cement 58(27,4
Iron oxide 1|05 Strong brown/red color
Sum total points 212|100,0
Opague 2|09 Black in both polars
Accesory components
Sum detrital components & intraclasts 154|72,6 Abundance | Grain size Roundess Sphericity
Zircon 2|100/70 um | Rounded/rounded Round/oval
Volcanoclast 7]|120-330 um | subrounded->rounded Oval

Porosity, matrix and cement

Figure A72: Thin section protocol for sample NN by student
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