
 

 

 

 

Appendix 1. Geologic Core Logs of Existed Drillings 
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Appendix 2. Sample List 
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Appendix 3. Photomicrographs of Thin Sections  
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Appendix 4. Microscopic Observation of Thin Sections 
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Appendix 6. Results of Chemical analysis 
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Table ) Results of chimical analysis of igneous and other rocks of Tekna-Marakech area (major elements)
Sample No. 02MRS15 02MRS16 02MRS13 02MRS17 02MRS33 02MRS1 02MRS4 02MRS18 02MRS6 02MRS11 02MRS8
Locality K Aicha K Aicha Jubilet Hajar Drasfar Khwadra Khwadra Hajar Khwadra Jubilet Safsafa
Drillhole No.KA25 KA25 CDC27 KHS3 KHS1 CDC27 KHS3 S2

Rock name Dolerite Dolerite Dolerite
Rhyolite
(Andesite)

Rhyolitic
Tuff Rhyolite Rhyolite Rhyolite Rhyolite

Rhyolitic
Tuff

Tonalitic
mylonite

SiO2(wt%) 46.81 48.77 48.93 58.18 64.55 66.89 68.50 68.51 71.22 77.59 65.84
TiO2 2.23 1.64 1.64 0.94 1.02 0.39 0.31 0.34 0.36 0.22 0.48
Al2O3 13.09 15.04 14.66 15.41 17.25 14.40 13.75 14.24 13.59 11.85 10.61
Fe2O3t 13.65 10.69 11.11 11.78 5.48 6.92 6.45 3.47 4.44 2.12 2.83
MnO 0.30 0.18 0.21 0.15 0.07 0.12 0.11 0.11 0.12 0.02 0.19
MgO 9.58 7.76 7.91 3.89 1.55 1.44 1.37 1.42 0.81 0.11 1.13
CaO 8.94 10.93 11.26 2.84 1.33 1.27 3.18 3.30 2.49 1.70 6.53
Na2O 1.67 1.57 1.44 1.22 0.91 2.88 0.96 2.26 2.29 3.57 2.74
K2O 0.25 0.55 0.47 1.60 3.41 2.59 2.74 2.52 1.93 0.33 1.12
P2O5 0.30 0.15 0.13 0.20 0.13 0.04 0.04 0.08 0.04 0.02 0.12
LOI 2.18 1.51 1.18 2.53 2.93 1.59 1.29 2.46 1.12 0.65 6.74
Total 99.00 98.79 98.94 98.74 98.63 98.53 98.70 98.71 98.41 98.18 98.33

Sample No. 02MRS2 02MRS3 02MRS5 02MRS34 02MRS12
Locality Safsafa Safsafa Safsafa Drasfa Jubilet
Drillhole No.S2 S2 S2 DSF15

Rock name
Tonalitic
mylonite

Tonalitic
mylonite

Tonalitic
mylonite

Taffacios
slate

Sandstone
hornfels

SiO2(wt%) 66.36 69.02 71.68 72.72 72.87
TiO2 0.36 0.21 0.28 0.34 0.47
Al2O3 9.78 8.26 9.46 12.58 8.66
Fe2O3t 3.38 1.84 1.79 4.33 6.06
MnO 0.23 0.20 0.14 0.06 0.16
MgO 2.10 0.76 0.71 1.98 2.83
CaO 4.99 7.93 5.29 0.34 5.54
Na2O 3.25 2.37 2.96 2.91 1.10
K2O 1.33 0.82 0.82 1.10 0.39
P2O5 0.08 0.06 0.08 0.10 0.06
LOI 7.06 7.18 5.01 2.01 0.54
Total 98.92 98.65 98.22 98.47 98.68

Table)  Recalculated results of chimical analysis of igneous rocks of Tekna-Marakech area (major elements)
Sample No. 02MRS15 02MRS16 02MRS13 02MRS17 02MRS33 02MRS1 02MRS4 02MRS18 02MRS6 02MRS11 02MRS8
SiO2(wt%) 48.35 50.13 50.05 60.47 67.45 69.00 70.32 71.18 73.21 79.56 71.89
TiO2 2.30 1.69 1.68 0.98 1.07 0.40 0.32 0.35 0.37 0.23 0.52
Al2O3 13.52 15.46 15.00 16.02 18.02 14.86 14.12 14.79 13.97 12.15 11.59
Fe2O3t 14.10 10.99 11.36 12.24 5.73 7.14 6.62 3.61 4.56 2.17 3.09
MnO 0.31 0.18 0.22 0.16 0.07 0.12 0.11 0.11 0.12 0.02 0.21
MgO 9.89 7.98 8.09 4.04 1.62 1.49 1.41 1.48 0.83 0.11 1.23
CaO 9.23 11.24 11.52 2.95 1.39 1.31 3.26 3.43 2.56 1.74 7.13
Na2O 1.73 1.61 1.47 1.27 0.95 2.97 0.99 2.35 2.36 3.66 2.99
K2O 0.26 0.57 0.48 1.66 3.56 2.67 2.81 2.62 1.98 0.34 1.22
P2O5 0.31 0.15 0.13 0.21 0.14 0.04 0.04 0.08 0.04 0.02 0.13
tatal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Sample No. 02MRS2 02MRS3 02MRS5 02MRS34 02MRS12
SiO2(wt%) 72.24 75.46 76.90 75.39 74.25
TiO2 0.39 0.23 0.30 0.35 0.48
Al2O3 10.65 9.03 10.15 13.04 8.83
Fe2O3t 3.68 2.01 1.92 4.49 6.17
MnO 0.25 0.22 0.15 0.06 0.16
MgO 2.28 0.83 0.76 2.05 2.89
CaO 5.43 8.67 5.67 0.35 5.64
Na2O 3.54 2.59 3.18 3.02 1.12
K2O 1.45 0.90 0.88 1.14 0.40
P2O5 0.09 0.06 0.09 0.11 0.06
tatal 100.00 100.00 100.00 100.00 100.00
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Table)  MORB(ave) normalised LIL and HFS elements aboundance
MORB 02MRS15 (K Aicha) 02MRS16 (K Aicha) 02MRS13 (Jubilet) 02MRS15 (K Aicha) 02MRS16 (K Aicha)
(ave) abundance normalized abundance normalized abundance normalised abundance Normalised abundance normalised

Sr 120 181 1.508 140 1.167 131 1.092 181 1.508 140 1.167
K2O 0.15 0.25 1.667 0.55 3.667 0.47 3.133 0.26 1.733 0.57 3.8
Rb 2 6.6 3.3 26.9 13.45 14.4 7.2 6.6 3.3 26.9 13.45
Ba 20 120 6 54.6 2.73 265 13.25 120 6 54.6 2.73
Th 0.2 2 10 1 5 1 5 2 10 1 5
Ta 0.18 0.5 2.778 0.5 2.778 0.5 2.778 0.5 2.778 0.5 2.778
Nb 3.5 6 1.714 3 0.857 2 0.571 6 1.714 3 0.857
Ce 10 35.6 3.56 16.6 1.66 12 1.2 35.6 3.56 16.6 1.66
P2O5 0.12 0.3 2.5 0.15 1.25 0.13 1.083 0.31 2.583 0.15 1.25
Zr 90 178 1.978 113.7 1.263 92 1.022 178 1.978 113.7 1.263
Hf 2.4 5 2.083 3 1.25 3 1.25 5 2.083 3 1.25
Sm 3.3 7.1 2.152 3.9 1.182 3.3 1 7.1 2.152 3.9 1.182
TiO2 1.5 2.23 1.487 1.64 1.093 1.64 1.093 2.3 1.533 1.69 1.127
Y 30 52.5 1.75 34 1.133 32.3 1.077 52.5 1.75 34 1.133
Yb 3.4 5.2 1.529 3.5 1.029 3.3 0.971 5.2 1.529 3.5 1.029
The data for MORB(ave) are taken from Shyudo and Osanai(2002).

02MRS13 (Jubilet) 02MRS17 (Hajar) 02MRS33(Drasfa) 02MRS8(Safsafa) 02MRS2(safsafa)
abundance normalised abundance normalised abundance normalised abundance normalised abundance normalised

Sr 131 1.092 173 1.442 85.2 0.71 161 1.342 167 1.392
K2O 0.48 3.2 1.66 11.067 3.56 23.733 1.22 8.133 1.45 9.667
Rb 14.4 7.2 50.3 25.15 157 78.5 84.1 42.05 49.5 24.75
Ba 265 13.25 559 27.95 667 33.35 472 23.6 655 32.75
Th 1 5 18 90 16 80 21 105 6 30
Ta 0.5 2.778 1 5.556 1.3 7.222 0.9 5
Nb 2 0.571 15 4.286 19 5.429 11 3.143 6 1.714
Ce 12 1.2 96.1 9.61 94.4 9.44 53.7 5.37 48.4 4.84
P2O5 0.13 1.083 0.21 1.75 0.14 1.167 0.13 1.083 0.09 0.75
Zr 92 1.022 322.7 3.586 240.4 2.671 459.4 5.104 193.4 2.149
Hf 3 1.25 9 3.75 7 2.917 15 6.25 6 2.5
Sm 3.3 1 9.4 2.848 7.6 2.303 4.5 1.364 4.3 1.303
TiO2 1.68 1.12 0.98 0.653 1.07 0.713 0.52 0.347 0.39 0.26
Y 32.3 1.077 51.8 1.727 31.5 1.05 78.3 2.61 20.7 0.69
Yb 3.3 0.971 5.2 1.529 3.3 0.971 2.1 0.618 1.9 0.559
The data for MORB(ave) are taken from Shyudo and Osanai(2002).

02MRS1(Khwadra) 02MRS4 02MRS18 02MRS3 02MRS6
abundance normalised Khwadra normalised Hajar normalised Safsafa normalised Khwadra normalised

Sr 127 1.058 121 1.008 214 1.783 384 3.2 161 1.342
K2O 2.67 17.8 2.81 18.733 2.62 17.467 0.9 6 1.98 13.2
Rb 86.9 43.45 132 66 68.1 34.05 33.3 16.65 84.1 42.05
Ba 1115 55.75 678 33.9 982 49.1 394 19.7 472 23.6
Th 22 110 20 100 23 115 5 25 21 105
Ta 0.9 5 0.6 3.333 0.9 5 0.9 5
Nb 12 3.429 8 2.286 11 3.143 4 1.143 11 3.143
Ce 108.5 10.85 89.9 8.99 158 15.8 34.7 3.47 100.5 10.05
P2O5 0.04 0.333 0.04 0.333 0.08 0.667 0.06 0.5 0.04 0.333
Zr 493.8 5.487 442.7 4.919 260.3 2.892 150.7 1.674 459.4 5.104
Hf 15 6.25 14 5.833 9 3.75 5 2.083 15 6.25
Sm 11.9 3.606 9.8 2.97 11.7 3.545 3.2 0.97 10.3 3.121
TiO2 0.4 0.267 0.32 0.213 0.35 0.233 0.23 0.153 0.37 0.247
Y 87.5 2.917 61.3 2.043 51.7 1.723 17.6 0.587 78.3 2.61
Yb 9.9 2.912 7.8 2.294 5 1.471 1.6 0.471 9 2.647
The data for MORB(ave) are taken from Shyudo and Osanai(2002).

02MRS5 02MRS34 02MRS12 02MRS11
Safsafa normalised Drasfa normalised Jubilet normalised Jubilet normalised

Sr 350 2.917 104 0.867 224 1.867 366 3.05
K2O 0.88 5.867 1.14 7.6 0.4 2.667 0.34 2.267
Rb 34.8 17.4 49.8 24.9 14.5 7.25 8.8 4.4
Ba 402 20.1 188.5 9.425 152.5 7.625 415 20.75
Th 5 25 26 130 9 45 28 140
Ta 1.2 6.667 0.7 3.889 1.9 10.556
Nb 5 1.429 16 4.571 9 2.571 27 7.714
Ce 44.7 4.47 114 11.4 57.9 5.79 181.5 18.15
P2O5 0.09 0.75 0.11 0.917 0.06 0.5 0.02 0.167
Zr 213.2 2.369 245.6 2.729 285.6 3.173 391.5 4.35
Hf 6 2.5 9 3.75 8 3.333 16 6.667
Sm 3.6 1.091 12.5 3.788 5.2 1.576 21.3 6.455
TiO2 0.3 0.2 0.35 0.233 0.48 0.32 0.23 0.153
Y 15.7 0.523 80.4 2.68 25.9 0.863 134 4.467
Yb 1.8 0.529 8.3 2.441 2.4 0.706 15.6 4.588
The data for MORB(ave) are taken from Shyudo and Osanai(2002).
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Table- ) Result of Whole rock analysis of Sedimentary rocks

Sample No. 02MR-K001 02MR-K002 02MR-K003 02MR-K004 02MR-K005 02MR-K006 02MR-K007 02MR-K008 02MR-K009 02MR-K010 02MR-K011 02MR-K012
Locality Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra

Scihst Shale Shale Shale Hornfels Schist Schist Schist Shale Shale Schist Shale
SiO2 67.99 67.66 66.67 41.18 70.7 60.3 39.51 59.35 64.29 71.93 57.35 62

Al2O3 13.4 15.88 12.53 20.88 11.94 17.25 28.8 16.9 16.93 12.1 18.12 13.55
Fe2O3 7 3.61 8.3 18.04 6.88 8.38 11.32 7.02 5.34 4.69 7.54 8.74
CaO 2.18 4.62 1.21 0.41 0.58 0.28 0.29 2.57 1.56 3.06 4.16 3.12
MgO 1.96 0.65 1.98 5.55 1.36 2.84 2.94 2.51 1.81 1.78 2.31 2.7
Na2O 0.76 2.66 1.19 3.13 0.32 1.78 0.34 1.86 2.01 1.72 3.07 1.87
K2O 3.11 1.5 2.9 2.7 2.93 3.24 7.99 2.86 2.81 1.7 2.37 2.12

Cr2O3 0.03 0.02 0.04 0.01 0.03 0.01 0.02 0.01 0.01 0.03 0.04 0.02
TiO2 0.68 0.36 0.71 1.26 0.62 1.01 1.82 0.96 1.03 0.61 1 0.77
MnO 0.23 0.07 0.09 0.1 0.07 0.12 0.08 0.18 0.07 0.09 0.14 0.17
P2O5 0.13 0.05 0.16 0.25 0.12 0.13 0.19 0.17 0.1 0.11 0.16 0.14
SrO <0.01 0.02 0.01 0.01 <0.01 0.01 0.01 0.02 0.05 0.03 0.03 0.03
BaO 0.07 0.08 0.04 0.07 0.04 0.07 0.12 0.09 0.07 0.04 0.05 0.04
LOI 2.24 1.5 3.43 6.25 3.99 4.03 6.25 4.63 3.14 1.77 2.94 3.61
Total 99.79 98.68 99.26 99.84 99.58 99.45 99.67 99.13 99.23 99.67 99.27 98.89
FeO 5.92 3.02 6.43 13.9 5.53 6.63 6.75 5.85 4.5 4.12 6.18 7.14

Sample No. 02MR-K013 02MR-K014 02MR-K015 02MR-K016 02MR-K017 02MR-K018 02MR-K019 02MR-K020 02MR-K021 02MR-K022 02MR-K023 02MR-K024
Locality Khwadra Khwadra Khwadra Khwadra Khwadra Sabsafa Sabsafa Sabsafa Sabsafa Sabsafa Sabsafa Kerkoze

Shale Schist Shale Schist Slate Slate Slate Schist Slate Shale Schist Shale
SiO2 61.88 55.72 66 59.25 63.62 51.09 50.6 49.57 59.61 52.21 56.75 62.56

Al2O3 17.49 20.64 9.24 19.8 17.49 20.7 13.09 13.81 17.78 16.55 19.61 17.6
Fe2O3 7.04 7.64 9.47 5.82 5.74 8.82 7.04 6.31 3.36 5.21 4.43 5.26
CaO 1.91 0.86 2.23 1.35 0.91 0.67 10.07 7.57 0.89 4.12 0.71 3.66
MgO 2.14 2.33 5.93 2.3 1.91 4.07 3.54 3.13 2.32 2.9 2.18 1.98
Na2O 2.14 0.98 0.82 2.96 1.05 1.44 0.5 0.87 2 1.73 1.47 4.38
K2O 2.66 4.38 1.42 4.04 4.36 4.44 2.61 3.56 3.92 3.49 4.67 0.58

Cr2O3 0.02 0.02 0.15 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
TiO2 1 1.14 0.46 1.04 1.04 0.99 0.59 0.66 0.78 0.87 1.03 0.9
MnO 0.11 0.13 0.13 0.15 0.09 0.07 0.45 0.44 0.02 0.06 0.01 0.02
P2O5 0.13 0.17 0.13 0.17 0.11 0.18 0.13 0.11 0.14 0.24 0.18 0.17
SrO 0.04 0.02 0.01 0.01 0.01 0.03 0.05 0.03 0.02 0.03 0.02 0.07
BaO 0.06 0.07 0.03 0.08 0.09 0.27 0.16 0.22 0.51 0.46 0.61 0.02
LOI 3.2 5.19 3.33 2.93 2.9 5.72 10.6 12.45 7.03 10.9 8.2 2.48
Total 99.8 99.3 99.36 99.91 99.34 98.5 99.44 98.75 98.41 98.78 99.89 99.68
FeO 5.92 5.98 6.75 4.25 4.63 7.2 5.21 4.25 2.32 3.28 2.83 4.05

Sample No. 02MR-K025 02MR-K026 02MR-K027 02MR-K028 02MR-K029 02MR-K030 02MR-K031 02MR-K032 02MR-K033 02MR-K034 02MR-K035 02MR-K036
Drillhole No.Surface Surface Surface Surface Surface Surface Surface KA25 KA25 KA25 KA25 KA25

Shale Sandstone Shale Shale Shale Sandstone Limestone Slate Shale Shale Shale Shale
SiO2 62.58 75.81 61.01 56.77 61.84 67.15 11.13 67.41 59.29 57.29 60.1 61.23

Al2O3 17 7.28 15.54 20.74 14.06 8.58 2.81 14.16 19.07 18.05 14.38 15.25
Fe2O3 6.52 8.18 10.94 6.79 7.69 2.71 2.34 6.11 6.57 7.53 11 8.65
CaO 0.94 0.92 1.46 0.11 7.59 8.59 44.39 0.92 1.31 2.7 0.43 0.54
MgO 1.64 1.82 1.47 1.61 3.13 0.89 1.82 2.29 2.43 2.24 1.73 3.9
Na2O 1.35 0.83 4.62 0.28 2.27 0.73 0.12 0.57 1.29 1.09 0.58 0.91
K2O 3.29 0.21 0.31 4.88 0.44 2.94 0.4 3.38 4.42 3.87 3.91 2.97

Cr2O3 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.02 0.02
TiO2 0.98 0.44 0.85 1.1 0.79 0.54 0.19 0.81 1.06 0.91 0.82 0.85
MnO 0.08 0.11 0.08 0.07 0.15 0.06 0.26 0.11 0.07 0.08 0.18 0.12
P2O5 0.13 0.17 0.13 0.15 0.12 0.08 0.1 0.11 0.14 0.13 0.11 0.12
SrO 0.02 0.01 0.05 0.03 0.05 0.02 0.05 0.02 0.03 0.04 <0.01 0.01
BaO 0.08 0.01 0.05 0.09 0.05 0.08 0.01 0.05 0.1 0.07 0.07 0.14
LOI 4.31 3.48 3.16 5.6 1.07 7.48 34.9 3.58 4.09 4.78 5.12 4.23
Total 98.94 99.29 99.68 98.22 99.27 99.87 98.53 99.54 99.88 98.79 98.45 98.95
FeO 5.15 6.88 8.1 3.92 6.43 1.29 1.74 4.63 5.08 6.05 5.47 7.33

Sample No. 02MR-K037 02MR-K038 02MR-K039 02MR-K040 02MR-K041 02MR-K042 02MR-K043 02MR-K044 02MR-K046 02MR-K047 02MR-K048 02MR-K049
Locality K_Aicha Benslieman Benslieman Benslieman Lachach Lachach Lachach Lachach Amzoourh Imarine Tameslouht Tameslouht

Shale Shale Schist Schist Schist Schist Schist Sandstone Shale Shale Quatzite Limestone
SiO2 57.93 60.56 59.08 60.88 61.82 47.73 60.87 69.33 64.52 45.44 91.89 16.34

Al2O3 20.33 17.69 16.2 18.01 17.47 12.82 18.13 13.79 15.17 10.32 2.85 2.21
Fe2O3 6.7 7.22 12.62 6.45 6.46 23.78 7.69 6.22 7.63 3.86 2.43 2.8
CaO 4.45 1.71 0.33 2.26 0.98 0.14 0.3 0.41 0.29 19 0.12 41.27
MgO 1.76 2.44 2.69 2.52 1.74 5.6 2.01 1.47 1.24 1.88 0.13 0.45
Na2O 4.95 1.4 0.16 2.98 1.18 0.31 0.5 1 0.3 1.22 0.03 0.09
K2O 0.56 3.36 2.84 2.31 3.71 0.42 3.94 2.73 4.18 2.2 0.66 0.35

Cr2O3 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.03 <0.01
TiO2 0.95 1.02 0.96 0.98 1.06 0.81 1.02 0.82 0.88 0.64 0.3 0.18
MnO 0.1 0.28 0.15 0.05 0.17 0.34 0.09 0.07 0.24 0.07 0.04 0.38
P2O5 0.17 0.18 0.15 0.13 0.14 0.09 0.17 0.1 0.14 0.09 0.15 0.05
SrO 0.07 0.01 0.01 0.05 0.03 0.03 <0.01 0.01 <0.01 0.07 0.02 0.03
BaO 0.03 0.07 0.07 0.17 0.07 0.02 0.09 0.05 0.08 0.03 0.02 0.01
LOI 1.79 3.53 4.53 3.14 4.94 6.55 4.56 3.14 3.95 14 1.21 34.2
Total 99.79 99.49 99.81 99.94 99.77 98.64 99.38 99.16 98.64 98.82 99.87 98.37
FeO 5.79 6.11 10.7 5.4 5.08 18.25 6.18 5.02 1.87 3.22 0.77 0.19
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Sample No. 02MR-K050 02MR-K051 02MR-K052 02MR-K053 02MR-K054 02MR-K055 02MR-K056 02MR-K057 02MR-K058 02MR-K059 02MR-K061 02MR-K062
Locality Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar

Sandstone Hornfels Shale Sandy shale Shale Shale Schist Sandy shale Tuff Shale Shale Shale
SiO2 53.68 62.1 59.14 66.36 53.15 59.81 53.35 57.2 60.56 57.94 61.84 58.49

Al2O3 14.44 17.38 18.25 16.08 8.47 17.07 15.65 16.1 18.6 15.85 17.49 16.64
Fe2O3 8.43 6.64 5.91 4.59 27.95 6.17 16.4 9.97 4.97 12.19 7.17 9.97
CaO 1.47 3.95 4.23 1.24 0.15 0.37 0.43 2.23 0.41 0.32 0.25 0.29
MgO 10.41 1.78 2.55 1.69 3.69 4.8 5.26 3.39 2.81 4.88 2.41 2.69
Na2O 1.68 3.04 1.4 1.27 <0.01 0.76 0.09 0.46 0.28 0.14 0.11 0.66
K2O 2.51 2.43 4.09 3.88 0.08 4.41 2.46 4.05 5.43 3.28 4.91 4.68

Cr2O3 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02
TiO2 0.84 0.94 1.02 0.87 0.56 0.84 0.85 0.83 1.09 0.79 0.91 0.94
MnO 0.16 0.15 0.09 0.09 0.27 0.11 0.28 0.2 0.11 0.21 0.15 0.19
P2O5 0.12 0.1 0.14 0.11 0.08 0.13 0.15 0.13 0.13 0.12 0.12 0.15
SrO 0.02 0.05 0.04 0.02 <0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 <0.01
BaO 0.06 0.08 0.07 0.06 0.01 0.08 0.08 0.15 0.26 0.11 0.29 0.15
LOI 4.94 1.21 2.58 2.81 5.27 4.29 4.48 4.71 3.75 3.81 3.31 4.22
Total 98.76 99.86 99.52 99.08 99.67 98.88 99.5 99.45 98.44 99.66 98.97 99.09
FeO 6.5 5.53 5.53 3.8 23.8 4.89 13.55 8.3 3.99 9.84 5.79 6.75

Sample No. 02MR-K063 02MR-K064 02MR-K065 02MR-K067 02MR-K068 02MR-K069 02MR-K070 02MR-K071 02MR-K072 02MR-K073 02MR-K074 02MR-K075
Locality Hajar Algeida? Algeida? Frag el Ma Sid Bau East Sid Bau East Jbwl_SarhlefJbwl_SarhlefJbwl_SarhlefFrizem Frizem Frizem

Shale Schist Schist Schist Sandy shale Shale Shale Schist Shale Shale Shale Shale
SiO2 57.15 59.3 58.41 32.24 62.05 58.64 64.14 41.48 61 62.41 53.38 54.17

Al2O3 16.43 19.39 19.2 7.32 15.77 20.02 16.77 12.72 17.72 16.61 21.5 16.82
Fe2O3 11.9 7.1 8.2 6.81 7.05 5.59 6.35 9.89 7.38 7.07 8.04 13.98
CaO 0.51 0.42 0.58 10.39 2.66 0.61 1.05 10.86 0.49 0.63 0.3 0.64
MgO 1.65 1.98 1.97 3.13 2.12 1.23 1.91 6.8 1.68 2.54 2.1 2.54
Na2O 0.19 1.25 1.42 0.16 1.55 2.11 4.7 1.42 0.94 0.82 0.18 0.08
K2O 4.2 3.6 3.52 2.33 3.27 4.8 0.99 0.37 3.12 3.49 5.95 3.68

Cr2O3 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.03 0.01 0.01 0.02 0.02
TiO2 0.9 1.18 1.17 0.76 0.88 1.17 0.83 1.6 1.02 1.14 1.35 0.94
MnO 0.24 0.25 0.2 0.17 0.07 0.03 0.08 0.2 0.1 0.14 0.1 0.29
P2O5 0.06 0.14 0.22 0.08 0.11 0.12 0.14 0.15 0.15 0.11 0.14 0.15
SrO 0.01 0.02 0.02 0.21 0.02 0.02 0.1 0.04 0.03 0.01 0.02 0.01
BaO 0.09 0.09 0.08 0.08 0.07 0.11 0.02 0.02 0.06 0.07 0.1 0.06
LOI 6.39 4.61 4.48 36.2 4.16 5.54 2.69 12.95 5.65 4.32 6.18 5.43
Total 99.74 99.34 99.5 99.91 99.79 99.99 99.78 98.53 99.34 99.36 99.38 98.8
FeO 8.68 5.6 6.75 5.4 4.89 1.03 4.95 7.91 3.47 5.4 3.99 10.85

Sample No. 02MR-K076 02MR-K077 02MR-K079 02MR-K080 02MR-K081 02MR-K082 02MR-K083 02MR-K084 02MR-K085 02MR-K086 02MR-K087 02MR-K088
Locality Frizem Frizem Frizem Frizem Frizem Frizem Frizem Kettara Kettara Draa_Sfar Draa_Sfar Draa_Sfar

Schist Schist Shale Limestone Sandy slate Shale Slate Shale Shale Shale Shale Shale
SiO2 48.74 54.25 56.24 45.86 64.5 70.88 62.16 51.49 59.44 57.6 46.82 60.86

Al2O3 14.11 19.34 20.46 14.11 17.01 11.13 17.51 15.21 15.02 17.93 18.39 19.23
Fe2O3 18.31 7.43 6.89 9.7 6.11 7.05 6.63 5.93 8.44 10.78 21.28 6.97
CaO 1.68 1.41 0.62 7.83 0.3 0.78 0.44 8.8 2.44 1.29 0.66 0.45
MgO 6.89 2.03 3.32 6.88 1.93 2.84 2.79 1.72 3.34 2.13 3.38 1.86
Na2O 0.08 0.15 0.17 0.08 0.41 0.07 0.15 0.69 0.17 0.21 0.48 0.42
K2O 0.89 5.65 5.33 1.87 4.18 2.11 4.26 2.83 2.7 3.76 2.19 4.7

Cr2O3 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.02
TiO2 0.74 1.01 1.09 1.47 1.02 0.76 1.1 0.86 0.92 0.97 1.01 1.07
MnO 0.58 0.23 0.18 0.35 0.1 0.2 0.15 0.11 0.1 0.16 0.27 0.17
P2O5 0.14 0.14 0.21 0.12 0.07 0.1 0.13 0.14 0.1 0.13 0.18 0.13
SrO 0.01 <0.01 0.01 0.03 0.01 0.01 0.01 0.01 0.02 0.01 0.01 <0.01
BaO 0.02 0.07 0.1 0.03 0.07 0.06 0.1 0.04 0.08 0.05 0.05 0.06
LOI 6.56 6.65 4.36 10.75 3.93 3.59 4.02 11.1 6.12 4.76 4.59 3.73
Total 98.76 98.36 99.01 99.1 99.65 99.59 99.47 98.97 98.9 99.79 99.32 99.67
FeO 14.6 5.98 5.47 8.3 4.31 5.53 5.47 3.47 5.72 8.49 18.1 5.92

Sample No. 02MR-K089-02MR-K089-02MR-K090 02MR-K091 02MR-K092 02MR-K093 02MR-K094 02MR-K095 02MR-K096 02MR-K097 02MR-K098 02MR-K101
Locality Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Si Gedi Haja

Shale Shale Sandy shale Shale Shale Shale Shale Shale Shale Shale Slate Tuff-shist
SiO2 37.05 61.24 70.97 69.58 65.06 61.68 61.11 59.06 51.11 62.38 57.81 58.29

Al2O3 14.97 16.66 11.23 12.71 14.4 19.1 17.1 17.82 16.43 16.98 20.78 16.04
Fe2O3 22.86 8.12 7.13 7.36 8.72 5.88 8.17 8.19 7.67 8.15 7.92 6.72
CaO 0.16 0.88 1.76 0.41 0.95 0.74 0.95 1.27 7.04 0.73 0.27 3.1
MgO 15.88 2.81 1.63 3 2.34 1.97 2.44 2.71 3.15 1.95 1.74 3.51
Na2O <0.01 0.28 2.27 0.57 1.21 0.43 0.36 1.17 2.23 0.17 0.17 1.77
K2O 0.16 3.75 1.29 2.62 2.37 5 3.92 3.59 2.74 4.05 5.44 2.92

Cr2O3 <0.01 0.02 0.02 <0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01
TiO2 0.35 1.01 0.59 0.26 0.78 1.05 1.02 1.02 0.9 1.04 1.14 0.83
MnO 0.26 0.11 0.12 0.13 0.06 0.04 0.14 0.15 0.15 0.1 0.1 0.12
P2O5 0.11 0.14 0.16 0.1 0.12 0.15 0.16 0.19 0.17 0.15 0.16 0.15
SrO 0.02 0.01 0.03 <0.01 0.01 <0.01 <0.01 0.01 0.04 <0.01 0.01 0.02
BaO 0.01 0.07 0.03 0.06 0.04 0.07 0.07 0.08 0.07 0.06 0.09 0.08
LOI 7.7 3.63 2.49 3.23 2.96 3.52 3.82 3.83 7.49 3.52 3.78 5.59
Total 99.49 98.73 99.72 100 99.03 99.66 99.28 99.12 99.18 99.31 99.41 99.14
FeO 17.55 7.01 6.43 5.92 7.33 4.76 6.37 6.95 6.56 6.75 6.37 5.34
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Sample No. 02MR-S043 02MR-S044 02MR-S045 02MR-S046 02MR-S047
Locality Kettara Kettara Kettara Kettara Kettara

Schist Schist Schist Schist Schist
SiO2 53.1 48.88 60.62 62.4 59.89

Al2O3 16.25 13.46 17.49 17.77 18.83
Fe2O3 7.04 26.49 7.84 7 7.83
CaO 9.38 1.17 1.36 0.5 0.49
MgO 2.4 3.78 2.63 1.95 1.84
Na2O 1.47 0.07 1.05 1.44 0.23
K2O 2.72 0.11 3.81 3.2 4.33

Cr2O3 0.01 0.01 0.02 0.02 0.02
TiO2 0.86 0.79 1.01 1.03 1.09
MnO 0.11 0.22 0.13 0.1 0.14
P2O5 0.14 0.14 0.15 0.19 0.18
SrO 0.04 <0.01 0.01 <0.01 <0.01
BaO 0.05 0.01 0.09 0.06 0.07
LOI 5.82 4.54 3.56 4.04 4.62
Total 99.38 99.68 99.77 99.69 99.56
FeO 6.5 21.8 5.66 5.66 6.69
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Table) Result of REE analysis sedimentary rocks

Sample No. 02MR-K001 02MR-K002 02MR-K003 02MR-K004 02MR-K005 02MR-K006 02MR-K007 02MR-K008 02MR-K009 02MR-K010 02MR-K011 02MR-K012
Locality Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra Khwadra
Rock name Scihst Shale Shale Shale Hornfels Schist Schist Schist Shale Shale Schist Shale
La(ppm) 35.8 48.9 32.8 54.3 32.7 52.4 55.5 45.8 45 30 48.7 36.9
Ce 78.4 108.9 70.5 121 68.9 113 121.2 97.8 92.8 66.4 101.2 79.4
Pr 8.8 13.6 8 14 7.9 12.5 14.1 11 10.4 7.5 11.5 9.2
Nd 32.1 52.4 29.7 52.9 30.3 45 52.7 40.4 38.8 27.6 42.9 34.2
Sm 6.4 12.1 6.2 10.7 6.2 9 10.6 7.7 7.3 5.5 8.1 6.9
Eu 1.4 1.9 1.6 1.8 1.2 1.7 1.8 1.5 1.6 1.2 2.6 2.5
Gd 6.1 12.7 6.3 11.5 5.8 8.8 10.5 7.7 7.6 5.9 7 6.8
Tb 0.9 2.1 1 1.9 0.8 1.2 1.6 1.1 1 0.8 1.1 1
Dy 4.9 13.5 5.1 10.7 4.4 6.7 9.8 5.9 5.9 4.3 5.8 5.6
Ho 1 2.9 1 2 0.9 1.3 2.2 1.1 1.1 0.9 1.3 1.1
Er 2.8 9.6 2.9 5.3 2.6 3.9 6.5 3.5 3.6 2.5 3.4 3.2
Tm <0.5 1.5 <0.5 0.7 <0.5 0.5 0.9 <0.5 0.5 <0.5 0.5 <0.5
Yb 2.7 10.1 2.5 3.9 2.4 3.5 5.7 2.8 3.3 2.4 3.5 2.8
Lu 0.4 1.5 0.3 0.6 0.4 0.5 0.9 0.5 0.5 0.4 0.5 0.5
Y 26.2 85 26.6 59.6 22.7 34.5 62.8 31.9 31.9 23.4 34.8 31.1

Sample No. 02MR-K013 02MR-K014 02MR-K015 02MR-K016 02MR-K017 02MR-K018 02MR-K019 02MR-K020 02MR-K021 02MR-K022 02MR-K023 02MR-K024
Locality Khwadra Khwadra Khwadra Khwadra Khwadra Saf Safa Saf Safa Saf Safa Saf Safa Saf Safa Saf Safa Kerkoze
Rock name Shale Schist Shale Schist Slate Slate Slate Schist Slate Shale Schist Shale
La(ppm) 48.8 50.8 24.1 52.1 44.8 39.8 35.1 28 51.5 40.2 75.2 52.4
Ce 105.6 108.8 51.8 111.9 93.1 84.9 71 55.3 104.7 85.6 148.4 107.2
Pr 11.8 12.2 6 12.5 10.7 10.1 8.2 6.5 13 10.4 18.8 12.4
Nd 41.8 45.2 24.2 46.8 39.9 37.7 32.6 23.7 48.2 40.5 69 44.5
Sm 8.1 8.9 4.9 8.8 7.5 7.4 5.9 4.7 9.1 8.9 12.4 8.2
Eu 1.8 1.9 1.6 1.8 1.3 1.6 1.2 1.3 1.5 1.6 2.1 1.8
Gd 8.2 8.7 4.5 7.8 6.5 7.3 5.6 5.1 8.9 8.5 12 7.9
Tb 1.1 1.3 0.7 1.1 1 1 0.8 0.8 1.1 1.3 1.6 1
Dy 6.2 6.9 3.7 6.1 5.4 5.7 4.5 4.2 6.1 7.3 8.4 5.7
Ho 1.2 1.3 0.8 1.3 1.2 1.1 1 0.9 1.2 1.5 1.8 1.2
Er 3.4 3.8 2.1 3.7 3.3 3.6 2.8 2.9 3.7 4.6 5.4 3.6
Tm 0.5 0.5 <0.5 0.6 0.5 0.5 <0.5 <0.5 0.5 0.6 0.7 0.5
Yb 3.1 3.6 1.9 3.7 3.3 3.4 2.9 2.9 3.3 4 4.8 3.3
Lu 0.5 0.5 0.3 0.6 0.5 0.5 0.5 0.4 0.5 0.6 0.7 0.5
Y 32 36.2 21.3 32.1 31.3 33.7 29 27.7 34.5 46.5 54.5 33

Sample No. 02MR-K025 02MR-K026 02MR-K027 02MR-K028 02MR-K029 02MR-K030 02MR-K031 02MR-K032 02MR-K033 02MR-K034 02MR-K035 02MR-K036
Locality S_Kerkoze K Aiche N_Bensliman Lachach J_ Hadat J_Hadat J_Hadat K_Aicha K_Aicha K_Aicha K_Aicha K_Aicha
Rock name Shale Sandstone Shale Shale Shale Sandstone Limestone Slate Shale mudstone Shale Shale
La(ppm) 48.9 14.8 37.2 51.1 34.7 22.1 17 29.8 45.8 42.5 35.1 37.2
Ce 107.2 35.9 86.9 105.2 74.6 49.9 25.9 68 96.8 88.6 76.1 77.2
Pr 11.8 3.8 9.3 11.9 8.7 5.7 4.2 7.9 11 9.7 8.4 8.7
Nd 43.7 14.7 33.2 43.6 31.9 21.6 16.7 28.4 39.5 35.1 30.9 31.6
Sm 8.6 3.6 7.4 8.4 6.2 4.5 3.4 5.9 8.3 7.1 6.4 6.2
Eu 1.6 1.3 1.8 1.4 1.5 1.4 0.8 1.1 1.3 1.4 1.3 1.2
Gd 8.2 3.7 6.9 8.1 6.4 4.4 3.8 5.8 7.2 6.5 6.2 6.1
Tb 1.2 0.6 1.1 1.1 1 0.7 0.5 0.9 1 0.9 0.9 0.9
Dy 6.5 3.7 6.2 5.8 5.3 3.6 3 4.7 5.6 5.1 4.8 4.5
Ho 1.3 0.8 1.3 1.1 1.1 0.7 0.6 0.9 1.1 1 1 0.9
Er 4 2.2 3.9 3.3 3.3 2.2 1.8 2.9 3.5 3.3 3.1 2.8
Tm 0.6 <0.5 0.5 <0.5 0.5 <0.5 <0.5 <0.5 0.5 <0.5 <0.5 <0.5
Yb 3.8 2 3.6 3.3 3.1 2.2 1.5 2.9 3.3 2.8 2.8 2.9
Lu 0.5 0.3 0.5 0.5 0.5 0.3 0.2 0.4 0.5 0.4 0.4 0.4
Y 35.6 21.1 36.3 30.7 30.8 20.8 19 25.6 31.7 29.2 28.4 25.5

Sample No. 02MR-K037 02MR-K038 02MR-K039 02MR-K040 02MR-K041 02MR-K042 02MR-K043 02MR-K044 02MR-K046 02MR-K047 02MR-K048 02MR-K049
Locality K_Aicha Benslieman Benslieman Benslieman Lachach Lachach Lachach Lachach Amzoourh Imarine Tameslouht Tameslouht
Rock name Shale mudstone Schist Schist Schist Schist Schist Sandstone Shale Shale Quatzite Limestone
La(ppm) 48 47.5 52.2 51.6 48.1 36.7 46.2 37 50.9 30.5 18.5 15.1
Ce 101.6 102.6 115.4 105 100.2 76.8 92.8 75.4 101 59.9 38.1 27.6
Pr 11.3 11.1 12.9 12 11 8.8 10.6 8.6 12.2 7 4.3 3.4
Nd 40.9 40.8 48.1 41.4 38.8 30.8 37.3 31.6 43.6 25.2 15.8 13.6
Sm 7.8 8.1 9.1 8.3 7.5 6 7.4 6.1 9 5.1 3 3.1
Eu 1.4 1.7 1.5 1.8 1.7 0.8 1.5 1.4 2.2 1.1 0.6 1.4
Gd 7.9 7.7 8.8 7.7 7.2 5.7 6.6 5.7 8.9 5.2 3 3.2
Tb 1.1 1.1 1.2 1.1 1.1 0.9 1 0.9 1.4 0.8 0.5 0.5
Dy 6.1 6.1 5.9 5.8 6 4.5 5.7 5 7.1 4.7 2.7 2.9
Ho 1.2 1.1 1.1 1.3 1.3 1 1.2 1.1 1.5 1 0.6 0.6
Er 3.6 3.5 3.3 3.4 3.6 2.8 3.4 2.8 3.9 2.7 1.7 1.6
Tm 0.5 0.5 0.5 0.5 0.5 <0.5 0.5 0.5 0.6 <0.5 <0.5 <0.5
Yb 3.2 3.3 2.6 3.3 3.4 2.7 3.1 2.9 3.7 2.6 1.9 1.3
Lu 0.5 0.5 0.4 0.4 0.5 0.4 0.5 0.4 0.5 0.4 0.3 0.2
Y 32.8 32.3 29.5 32.2 32.9 25.7 32 27.8 38.5 26.4 16.8 17.1
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Sample No. 02MR-K050 02MR-K051 02MR-K052 02MR-K053 02MR-K054 02MR-K055 02MR-K056 02MR-K057 02MR-K058 02MR-K059 02MR-K061 02MR-K062
Locality Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar Hajar
Rock name Sandstone Hornfels Shale Sandy shale Ore-schit Ore-schit Schist Sandy shale Tuff Shale Shale Shale
La(ppm) 40.8 52.8 46.7 49.6 3.8 46.9 42.4 27.8 48.7 41.8 44.9 47.1
Ce 82.9 105.5 95.1 100.5 8.6 94.4 87.9 59.8 97.8 83.5 89.6 89.8
Pr 9.7 12 10.9 11.3 1.1 10.3 10.2 7.3 11.1 9.7 10.2 10.4
Nd 34.5 41.7 38.4 38.6 4.6 36.1 35.8 27.7 38.7 34 36.2 36.4
Sm 6.7 7.9 7.8 7.3 1 7 7.3 5.6 7.4 6.9 7.1 7.1
Eu 1.6 1.9 1.6 1.6 0.1 1.5 0.4 0.4 1.6 1.3 1.1 1.3
Gd 6.5 7.2 7.1 6.7 1.2 6.5 6.8 5.3 6.9 6.4 6.3 6.4
Tb 1 1 1.1 1 0.2 1 1 0.8 1 0.9 0.9 1
Dy 5.2 5.4 5.6 5.4 1 4.9 5.2 4.4 5.7 5 4.9 5.3
Ho 1.2 1.1 1.2 1.2 0.3 1.1 1.1 0.9 1.2 1.1 1 1.1
Er 3.2 3.1 3.4 3.1 0.9 3 2.9 2.9 3.5 3 3 3.1
Tm 0.5 0.5 0.5 0.5 <0.5 0.5 0.5 <0.5 0.5 0.5 <0.5 0.5
Yb 3 3.1 3.2 2.9 1.2 2.9 2.9 2.7 3.5 2.8 3 3
Lu 0.5 0.5 0.5 0.4 0.2 0.4 0.4 0.4 0.5 0.4 0.5 0.5
Y 30.7 28.2 31.4 29.5 7.6 27.3 27.1 26 31.6 27.9 26.6 27.9

Sample No. 02MR-K063 02MR-K064 02MR-K065 02MR-K067 02MR-K068 02MR-K069 02MR-K070 02MR-K071 02MR-K072 02MR-K073 02MR-K074 02MR-K075
Locality Hajar Algeida Algeida Frag el Ma Sid Bau East Sid Bau East Jbwl_Sarhlef Jbwl_Sarhlef Jbwl_Sarhlef Frizem Frizem Frizem
Rock name Shale Schist Schist Schist Sandy shale Shale Shale Schist Shale Shale Shale Shale
La(ppm) 56.2 50.7 54 52.7 27.2 53.8 47.3 10.8 53.5 48.4 71.8 51.8
Ce 115.8 103.6 110.1 102.5 56.2 107 96.3 23 109 98.7 146 99.4
Pr 13.1 12 12.7 11.9 7.1 12.3 11.2 3.3 12.8 11.7 17 11.5
Nd 46.4 41.7 44.7 41.8 26.3 43.6 37.8 14.9 43.6 40 59.4 39.6
Sm 9.2 7.7 8.9 7.9 5.4 8.6 7.5 4.6 8.9 8 12.4 8
Eu 2.1 1.9 2 1.2 1.1 1.4 1.5 2.1 2.2 1.8 1.4 1.3
Gd 9 6.9 8.2 7.2 4.9 7.3 6.8 5.7 8.3 7.3 10.7 7.2
Tb 1.4 1 1.2 1.1 0.8 0.9 1 1.1 1.6 1.3 1.5 1.2
Dy 7.3 5.2 6.4 5.9 4.3 5 5.4 6.6 6.2 5.8 8.1 5.3
Ho 1.6 1.2 1.3 1.3 1 1 1.2 1.4 1.3 1.2 1.7 1.2
Er 4.2 3.2 3.7 3.5 2.9 3 3.2 3.8 4.1 3.6 4.8 3.4
Tm 0.6 0.5 0.6 0.6 <0.5 0.5 0.5 0.6 0.9 0.7 0.7 0.6
Yb 3.7 3.3 3.8 3.7 2.9 3.4 3.1 3.5 4.1 3.5 4.5 3.3
Lu 0.5 0.5 0.5 0.6 0.5 0.5 0.5 0.5 0.9 0.7 0.7 0.6
Y 41.2 28.1 33.6 33.9 24 27.1 29 36.8 36.4 31.2 42.4 31

Sample No. 02MR-K076 02MR-K077 02MR-K079 02MR-K080 02MR-K081 02MR-K082 02MR-K083 02MR-K084 02MR-K085 02MR-K086 02MR-K087 02MR-K088
Locality Frizem Frizem Frizem Frizem Frizem Frizem Frizem Kettara Kettara Draa_Sfar Draa_Sfar Draa_Sfar

Schist Schist Shale Limestone Sandy slate Shale Slate Shale Shale Shale Shale Shale
La(ppm) 36.1 52.7 55.5 3.9 41.7 10.5 51.6 44.2 49.6 37.2 40.9 52.2
Ce 75.3 102.1 106 10.8 83.5 21.6 102.8 85.3 96.4 79.7 84.6 101.4
Pr 9 12 11.6 1.5 9.3 2.3 11.7 9.6 10.4 8.6 9.5 11.6
Nd 31.1 44.2 42.9 8.9 34.7 9.8 43.9 35.6 38.1 32.9 36.1 42.7
Sm 6.5 8.9 8.1 2.8 6.4 2.1 8.4 6.7 6.7 6.2 7 8.1
Eu 0.6 1.7 1.2 0.6 1.3 0.4 1.1 1.4 1.1 1.4 1.3 1.7
Gd 5.8 9.4 8.5 3.5 6.6 2.5 8.3 7.2 7.5 6.3 7.5 8.8
Tb 1 1.4 1.2 0.7 1 0.4 1.1 1 1.1 0.9 1.3 1.2
Dy 4.4 7.5 5.9 4.6 5.2 2.2 5.7 5.2 6.1 4.8 8.1 6.5
Ho 0.9 1.5 1.3 1.1 1.1 0.5 1.1 1.2 1.3 1 1.9 1.4
Er 2.7 4.3 3.5 2.8 3.3 1.6 3.4 3.4 3.6 3.1 5.8 4
Tm 0.5 0.6 0.5 <0.5 0.5 <0.5 0.5 0.5 0.5 <0.5 0.9 0.6
Yb 2.6 3.6 3 2.6 3.3 1.9 3 2.9 3.3 2.8 5.1 3.5
Lu 0.5 0.6 0.5 0.4 0.5 0.3 0.5 0.5 0.5 0.5 0.7 0.5
Y 24.2 39.9 30.6 26.3 29.7 14 29.5 30.1 34 27.3 50.2 34.5

Sample No. 02MR-K089a02MR-K089b 02MR-K090 02MR-K091 02MR-K092 02MR-K093 02MR-K094 02MR-K095 02MR-K096 02MR-K097 02MR-K098 02MR-K101
Locality Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Draa_Sfar Si Gedi Haja

Shale Shale Sandy shale Shale Shale Shale Shale Shale Shale Shale Slate Tuff-shist
La(ppm) 61.7 50.4 35.6 44.1 35.9 52.3 47.6 72.6 46.2 50.9 52.3 38
Ce 124.8 99.8 72.9 96.1 71.9 103.4 97.1 136.2 92.9 102.5 103.6 74.6
Pr 14.1 11 8.2 11.4 8.1 11.4 10.9 15 10.3 11.4 11.7 8.7
Nd 52.7 42.4 31.8 44.4 31.5 43.9 40.1 55.8 38 43.1 42.8 32.7
Sm 12.1 8.2 6.5 10.3 6.4 8.3 7.6 10.6 7.4 8.4 7.6 6.2
Eu 0.8 1.7 2.1 0.8 1.6 1.6 1.5 2.3 1.7 1.7 1.2 1.4
Gd 15.6 8 6.7 11.7 6.2 8 8 10.3 7.3 8.7 7.7 6.1
Tb 2.8 1.2 1 2.1 0.8 1.1 1.1 1.4 1 1.3 1.1 0.9
Dy 19 6 5.4 12.6 4.9 5.5 5.9 6.7 5.4 6.7 5.2 4.5
Ho 4.1 1.3 1 2.7 1 1.2 1.2 1.3 1.1 1.4 1.1 1
Er 11.8 3.6 3.2 8.2 2.8 3.5 3.5 3.7 3.1 3.8 3 2.7
Tm 1.8 0.6 0.5 1.2 <0.5 0.5 0.5 0.5 0.5 0.6 0.5 <0.5
Yb 10.6 3.4 2.8 7.1 2.5 3 3.1 3.2 2.5 3.6 2.9 2.4
Lu 1.6 0.5 0.4 1.2 0.4 0.5 0.5 0.5 0.4 0.6 0.5 0.4
Y 112.5 33.4 29.2 75.2 26.6 32.2 30.6 35.2 28.5 35.2 28.3 26.2
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Sample No. 02MR-S043 02MR-S044 02MR-S045 02MR-S046 02MR-S047
Locality Kettara Kettara Kettara Kettara Kettara
Drillhole No. F4BS F4BS BS2 104 104

Schist Schist Schist Schist Schist
HW? FW? FW? FW? HW?

La(ppm) 49.8 14.4 49.9 53.7 57.1
Ce 97.7 34.5 94.7 106.7 112.2
Pr 11.1 3.9 10.1 12.2 12.6
Nd 41.2 16.1 36.4 45.9 47.7
Sm 8.1 3.4 6.7 8.7 9.6
Eu 1.7 0.3 1.5 1.7 1.8
Gd 7.9 3.3 6.7 9 9
Tb 1.1 0.5 0.9 1.3 1.3
Dy 5.7 2.7 4.8 6.7 6.9
Ho 1.2 0.7 1 1.5 1.5
Er 3.5 1.8 3.1 4 4.3
Tm 0.5 <0.5 0.5 0.6 0.6
Yb 3.1 1.8 2.9 3.6 3.7
Lu 0.5 0.3 0.5 0.6 0.6
Y 32.1 16.1 26.2 36.8 36.9

NASC *1 Chondrite *2
La(ppm) 32 0.367
Ce 73 0.957
Pr 7.9 0.137
Nd 33 0.711
Sm 5.7 0.231
Eu 1.24 0.087
Gd 5.2 0.306
Tb 0.85 0.058
Dy 5.8 0.381
Ho 1.04 0.0851
Er 3.4 0.249
Tm 0.5 0.0356
Yb 3.1 0.248
Lu 0.48 0.0381
TREE 173.21 3.8908
LaN/YbN 6.97547684 1
LaN/SmN 3.53362971 1
Eu/Eu* 0.69603333 1

*1 North American Shale Composite; Haskin et al., 1968; Gromet et al., 1984
*2 Tayler & McLennan, 1985
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