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APPENDIX A. MAJOR AND TRACE FLEMENT COMPOSITION AND NORMATIVE MINERALOGY FOR 179
SAMPLES FROM HARRAT RAHAT, KINGDOM OF SAUDT ARABTIA

(1) Ten major elements (SiO;, TiO;, Al,;03;, FeO, MnO, MgO Ca0, Nap, 0, K0, and P;05)
and eleven trace elements (Ni, Cr, Ba, Rb, Sr, Zr, Y, Nb, Ga, Cu, and Zn) were
determined by X-ray fluorescence at Washington State University (for accuracy and
precision see Hooper and Johnson [19871). Four trace elements (Se, V, La, and
Ce) were determined by inductively coupled plasm spectrometry (ICP) at King’s
College, London University, England (for accuracy and precision <see Walsh [1980]

and Walsh and others [19811).

(2) Major element data and normetive mineralogy are in weight percent, whereas

trace element data are in ppm.

(3) The major element analyses are the non-normalized raw data with total iron

presented as FeO.

(4) Iron was recalculated to a Fe?*/Fe3+ ratio of 9:1 and the major element data
was then normalized on a volatile-free basis before the CIPW normative mineralogy

was calculated.

(5) The data are presented in four parts based on the major stratigraphic units;
these are (1) Shawahit-complete data, (2) Hammah-complete data, (3) Madinah-AOB,
and (4) Madinah-OTB-hawaiite-mugearite-benmoreite-trachyte. Each of these four
data sets are presented in order of decreasing SiO.. The designations of
stratigraphic subunits are as shown except for the Lower Shawahit (LS) and the
Upper Shawahit (US). Rock type designations are: alkali olivine basalt (AOR),
olivine transitional basalt (OTB), hawaiite (HAW), mugearite (MUC), benmoreite
{BEN}, and trachyte (TRACH). Designation of harrat subdivisions are: Harrat
Rashid (R), Harrat Bani Abdullah (BA), Harrat Turrah (T), and Harrat Ar Rukhq (A).
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{51 samples)

Capric ¢22¢ 4188 BR8] ER R 4 41%80 4201 4738 4188 1581 4254 £731% 474} 4258 4187
Rock Type OTB OTB OTB OTB OTB OTB OTB OT8 OTR OTR OTB OIB OTB OTB OTB
Harvat T T BA BA Ba T BA T T T A T T T BA
Subunit LS LS LS LS LS LS LS WS LS5 WUS us Ls uUs us LS
102 49 £9 49 13 4920 43 03 §8 94 48 91 4g 68 48 80 48 76 48 7% ¢8. 12 48 .71 48,71 48 £5% 48 &4
1107 1.38 1 44 1.84 1.8% 1.3% 1.5%4 1. 6% i 61 1.2% 1.29 1.717 1.42 738 1,43 166
#1703 16 55 15.63 16.69 15.89 16.22 15.92 16.7% 16.27 16.51 15.%8 16.83 15 60 15.59 15.85% 16.22
fed 10.24 10 84 9.86 10,14 10.74 11.38 10.8% 11.20 1038 11.32 11.03 10 990 10.38 10.2% 1113
nd 0.17 0.17 0.17 0.18 0.18 0.1i8 0.17 0. 18 ¢.17 0.18 0.1¢ 0.18 0 1% 0.17 0 18
¥gl 7.18 3.20 8. 0% 10.2% 9.14 8 L6 7.41 §.3 8.4% §.22 7.1% 10 02 §$.72 9 06 8.4%
£:0 10 &% $ 47 10,85 § 50 10.71 9,95 11.37 10.74 10.54 10 60 10.60 §.3% 9.58 10 4% 10.¢4
Nazl .32 ?2.97 3.18 3.8% 3.02 z 83 2.5¢% 314 2 %% 2.88 138 2.80 2.80 1.22 348
Lig 0. 5% [ 0.¢% ¢ 79 0.35 g.558 0.32 0.43 0.2 0.37 0.45 0.57 048 0.63 0. %i
F2GE 0.1 0.18 o 24 ¢.28 8.1%6 0.22 0.17 6.21 0.15% [ 0.2% ¢} 0.18 .21 G.21
clal 100 .12 $9.95 100.44 J0O0.83 100.81 101.04 100.%37 100 %4 45,07 100 .78 100 3¢ 49 74 $8.959 89 .93 100 .73
N1 106 185 102 224 165 192 ie7 134 142 239 7% 218 2} 213 151
(R 278 312 9% 3198 614 317 3% 223 281 I67 154 I 3s1 1582 298
B4 113 161 110 132 ¢] k¥4 X 14} 316 77 1658 113 36 168 41
RB 7 ? 8 8 ] 6 2 4 1 5 g 10 & 10 2
SR 116 276 187 406 299 351 288 334 17 268 3199 283 %68 337 ilg
IR 101 33 142 1€4 3% 101 10% 112 9% 8% 133 103 1z 108 109
Y 21 19 24 11 20 2 29 22 0 19 76 18 19 20 21
NB 14 14 17 2z 11 17 § 15 & 9 15 15 i5 18 8
68 17 rail 18 K 15 0 19 0 17 18 21 22 ] 18 7
4] 72 116 72 69 39 108 117 134 127 105 9% 168 i1l 113 124
N 75 80 78 78 75 &4 73 87 78 83 8¢ . 82 82 80 84
$C 26 23 29 27 30 26 A1) z5 26 25 31 26 8 24 28
¥ 211 210 226 212 218 208 252 211 207 201 47 207 203 194 238
L £ 8 8 12 2 8 4 7 ] 5 8 ] 8 3 M
(f 3 K 13 7 26 31 25 11 25 26 3 1 28 31 133
AN §1.38 §2.48 51 47 51.61 54.2% 34.87 £5.77 £3.715  £0.32 54.71 §2.72 54 44 54 6% 53.3% 53. 8%
or 3.2% 3. 13 4 .02 4.867 2.07 3.28 1 8% 2.54 1.60 2.1% 2.66 3.3 2.84 3.2 1.83
F 27.12 25.13 25.5¢4 2546 25.02 23.95% 25.08 24 %4 21.58 24.45% 26 47 23.8% 23 .69 23 .54 75,37
an 28 .63 27.1% 2%.3% 27.16 2% 67 29.11 31.58 29.03 312.81 29 .54 2981 8. 32 i8.8% 26 %4 29. 6%
ne 0.53 0.00 0.6% 0.37 0.2% 0.00 0.00 6. 88 0 .00 0.00 1.06 0.00 0.00 2.01 0 .24
di 19.7¢6 14.7¢ 17.88 14,74 18.30 15,32 19.48 18.73 1510 17.%7 17.62 13 439 14 48 1%.22 18 41
hy 6. .00 7.%0 0.00 .00 .00 §.0% 1.03 0.00 117 0.58 0. 00 §.17 7.31 0.00 0.60
ol 16.26 18,583 17.83 23.15% 20.9%2 18,31 16.319 19538 11.94 21.581 17.43 139.73 17.54 19.76 1% 71
[ 34 1.63% 1.74 1. 61 1.64 1.73 1.84 1.7% 1,80 1.67 1.83 1.78 1.75 1.67 1.6% 1 &0
il 2.83 2.7 3011 313 2.8 2.93 3.13 3.0% ?.44 2. 44 3.36 2.70 2.87 2.71 1.15%
ap 0. 40 0.41 0.56 0.6¢ 037 0.50 0. 319 0. 49 0.38 6.18 0 58 0. 44 0 42 0.48 0.49




SHAWAHIT-COMPLETE DATA - Page 2
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Rock T«jpe OTB oTB OTB dTB OTBR OTB OTB OTB oOTr8 OTBR OTB OT8 O0TR OTR OTB
Harvrat T A T A B4 BA A A T T A T T BAa T
Subunif Us US Us us US Ls Us us LS Us us us us us LS

§102 48 61 48 45 48 44 48 .36 48 71 48.21 4811 48.10 48,09 48 06 48 06 ¢7.92 47.84 47 81 7 en
Ti02 1.26 1.58 1.43 158 1.50 1.§% 1,42 1083 1.06 1.¢0 1.386 1.48 1.49 1.§81 144
a1203 15.86 17.2% i6.28 16,30 16.65 16,83 15.43 16.65 16.55 15 53 15.89 15,73 1578 15.27 16,18
fel 148 10.31 10.73 10.93 10.86 10.99 i0.86  10.30 10.29 11.00 11,64 10.75 11.22 11.12 10 61
¥nl 0.17 0.17 0.17 0.18 0.18 0.17 0.17 0.17 0.17 017 ¢.18 6.17 0.17 0.18 0.18
%90 3.30 7.27 8.13 §.86 §.92 8.23 §.76 §.87 9.10 $.62 g1l 311 3 24 3. 88 g.17
{2 10.89 11.87 10.91 $.7% 11,16 11.32 10.16 11.66 1148 11.07 10.73 toie 10 8% 10 8% 11
N220 7.9% 1.06 3.20 1.23 2.93 2.88 3.0% 3.2 2.89 .78 2.87 3.08 2.90 2.9% 3.04
Kzg G 33 0.30 0.33 0.60 0.27 0 43 0 6% 0 43 9.312 6.29 0.38 056 0.42 0.52 .37
P20% 0.18 0.19 .17 0.29 013 019 0.2% 0.18 0.1% ¢ 14 016 021 017 [ 6.1¢
Total 166,11 160.18  99.86 100.19 100.80 100 84 99 .92 99.76 100.10 100.0% 100 38 10011 99.71 100 34 5% ¢%
NI ez 106 138 1€3 177 114 220 84 218 230 00 222 214 141 136
(R §20 197 263 262 334 247 349 180 391 458 122 183 37¢ 364 4%
BA t8 §3 &8 128 64 3 188 146 85 39 127 38 88 123 70
RB L] 3 4 g 1 4 7 5 4 M 4 8 4 5 4
SR 287 186 322 382 316 379 414 344 1686 281 24 ig2 32 348 145
IR 11 110 105 130 107 117 124 109 39 51 51 108 37 103 103
Y 20 22 21 28§ 22 4 20 20 20 18 H 13 i3 20 1%
KB 10 11 13 21 2 12 16 iz ? 7 10 18 13 16 12
1] 18 2 16 24 20 16 15 19 15 16 i6 16 21 20 18
Y 103 118 110 108 113 128 94 92 126 104 146 103 123 $4 120
IN 76 7 84 80 [ 34 78 82 8l 74 83 83 14 80 84 20
8¢ 29 2 27 26 29 31 23 26 29 29 2 2 8 2 29
¥ 229 232 218 202 226 285 194 228 202 233 238 202 213 138 230
LA 6 H § 12 2 § 10 § 4 3 3 8§ 7 € 6
(€ 8 28 78 18 23 29 37 32 23 24 7% 3 28 28 z%
AN £4.79 57 l¢ 54,60  52.60 57.5%5 &7 .36 54,16 57.67 59.77  56.42 56 22 87 .51 §5.7% 57.02 87 87
or 2.30 M 2.30 31.5% 1.60 2.54 3.84 2.990 1.8% 1.71 2.2% 331 2.6% 31.07 z.18
ab 23.69  24.22 24.06 25.42 23.22 12.79 22.61 21.64 21.03  22.48 22.86 20.37 22.88  20.%4 21 44
an 28,70 32.86  18.34 28.21 31.48  30.91 26 .66 29.49  311.24 29.10  29.3%  17.%8 28.83 26.85 29 44

7

1

4

2
ne 0 87 0.51 1.83 1.0¢ 0 8% 0.86 1.73 3.08 1 &6 0.57 0.77 2.94 0.90 2.61 2.32
di 19.6% 19.33 19.74 15.07 18.24 19.65 18.00 22.41 20.1 20.30 18.68 21.3 18.28 1,10 21 .81
ol 20.486 16.43 18.48 21.58 20.590 18.43 22.18 1§.31 20.00 71.30 21.78 19.61 71.60 21 .48 17.74
[} 1.68 1
il 2.40 2
ap 0.41 0

87 1.73 1.717 1.7% 1.717 1.7% 1.7% 1.68 1.77 1.87 1.73 1.81 1.89 11
.36 2.712 3.01 2.84 3.58 2.69 2.91 2.01 2.66 2.58 2,81 2.66 2.87 2.73
3

45 0.38 0.68 0.44¢ 0.44 9 %9 0 41 0.14 0.3 038 0 43 0.40 0.4¢ g 44
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4206 4242 6203 4104 4220 4262 4743 4725

RockType OTB OTB OTB ©TB OTB OTB OTB bTB org8 OTB OTB AOB OTR OTB Ao
Havrat BA A BA BA A A A T T B4 BA T A T T
Subunit WS US us us U uUs US LS US LS LS US US us s

[

L)
>
'S

S:02 7.78 47.70 47.65  47.58  47.%8 47,87 4756 47.%2 41 31 47.32 47.24 7 11 47.04 47.01 &6 50
E 188 1.¢] 1. 40 1.%0 1.42 b3 1,52 117 1.80 .82 1oz 1.53 1.98 141 1oty
£1203 16.75 16.85 15.47 1% 62 17.06  16.51 16.31 15.83  15.91 15.85 13 64 15.62 16,51 15.33 15 91
feg 11.14 9.95 10.1% ot 10.52 10.88  10.3% 1017 1071 10.7 11.0¢4 11100 11.8% 10,92 10051
Hn 0.1¢ 0.17 0.18 0.17 6.18 0.18 0.17 0.17 0.1% 0.18 0.18 0.18 0.19 9.17 018
Hgt 1183 741 §.97 9.72 7.30 8.87 8 34 8.3% 8,490 [ 14 72 9.08 8.12 12. 46 3.10
(20 7.49 12.02 1T 16.7 1211 11 63 11.28 12 46 10.84 12.80 §.02 i1.17 .14 9.83 11.3%
Kazl 293 3 12 .68 z 86 2.7 z.86 314 2.581 2.49 268 7.42 317 2.96 Fare 2.9%
K70 0.9 0.43 0.4 0.64 0.315 0.2 0.41 0 32 0.67 0.27 6.29 059 0.33 6.3 0 £l
Pz08 [ 0.22 9.1¢6 0 2% .17 015 0 22 0.16 0.27 0.18 0.15 022 0 23 0.17 [
Tetal 100 .02 39.29 8% 88 100.61 39.85 100.21 $9.51 $9 .06  98.62  98.%83 8% 72 $9.77 100.45  9%5.67 %9 3¢
Ni L2l il 223 2id 136 182 168 26 116 114 449 22 166 317 il
(R 166 210 476 353 164 296 266 442 240 260 643 138 133 (33 347
g ¢ 1581 65 5% 57 71 128 12 142 43 46 its 29 7 3
kB 3 4 3 3 1 1 & z 3 2 3 8 2 3 8
SR 456 411 285 416 385 285 177 %2 620 02 738 388 444 485 443
iR 132 113 30 143 108 g2 §¢ 83 137 108 73 107 136 108 143
Y 21 20 19 z 21 22 21 0 21 20 15 2 22 29 72
NB il 1§ 10 17 8 3 13 10 25 9 19 24 iz g 16
Gh ] 18 17 17 17 17 18 13 20 20 H 18 16 14 15
v 113 106 108 106 119 114 106 119 114 123 33 102 139 115 92
4] ? 78 77 g2 7% 78 78 76 85 82 71 80 81 7 73
SC 30 1 28 28 32 30 28 It 25 B 23 25 28 21 29
¥ 232 718 716 2580 42 215 208 220 - 224 226 188 201 757 211 215
LA 4 7 3 8 4 2 7 4 11 3 4 8 3 6 11
CE 33 31 24 36 29 24 30 26 37 27 25 32 ig 28 36
1 55 .66  60.36  60.15  57.9%  62.%30 0.9 56.54 €1 .59  58.95 62 61 5548 60 .06 59,33 61.67 61 &%
or 2.36 2.54 2.01 31.78 z2.07 1.18 2.42 1.89 3.96 1.60 1.71 3.49 2.30 1.83 160
H 24.7 20.16 13.42 2021 19.31 20.30 20.68 18.20 21.97 18.23 20.48 17.72 20.98 19,12 17.%¢
in 31,37 10.70  29.31 27.8%  3z.19  31.62  2%.20  29.1%  30.2 30,581 25 .50 2665 30.61 10.77 28 24
ne 0.00 3.18 1.63 2.16 1.1% 2.11 3. 18 3. 48 0.00 2.32 0.00 4.33 2.20 0.00 418
di 3.ed 22.50 22.5% 19 .4} 22.82 20,78 20,72 2%.82 17.78 26 06 14,76 2.2 18.65 12.87 21.43
hy 8.1 0.00 ¢.00 [ 0.00 0.00 0.¢0 0.00 2.7% 0.00 1.90 0.00 0.00 5.81 0 00
ol 74 .88 15.32 20 38 21.30 15.66 19.76 18.66 16.36 17.15 15.90 311,44 13.59 19.52 24 .87 1922
L4 1.8¢ 1.8] 1.67 1.78 1.7¢ 1.78 1.1 1.64 1.73 1.74 1.78 1.78 1.91 1.7% 1.70
il 3.00 2 68 7.65 3,81 269 2.48 2.88 222 3.42 7.88 1 34 2.91 o 7.67 2.92
af 0.5% 6 52 6.37 0.58 0.39 0. 34 0.%1 [ 0.62 0. .41 0.34 051 0 68 0.39 0 62



SHAWAHIT-COMPLETE DATA - Page

Sapple £20%8 4718 t250 42452 4223 £2¢9
RockType AOB OTB OTB OTB AOB A0OR
Havrat T T A A T T
SubunitT us LS5 us us us us
§102 48 71 46.70 46 67 46.54 45 49 46 47
Ti02 1 18 1.53 1.83 1.29 1.18 2.08
#1203 1550 14.46  15.18  15.63 1529 14.9%
Fel 10.68 10.5% 11.03 11.01 10,94 10.92
EnQ 2.1? 0. 18 0.18 0.18 0.18 0.17
Kgl 7.87 11.66 10.3 .08 .22 1030
Ca0 1362 10,72 11.42 10 81 1300 10 .45
Nz20 2.%7 2.1% 2.79 2.9¢ 2.83 2 ¢
K20 RS 0.90 0. 42 0.30 0.2 167
pP20% g 19 0.40 0.22 0.18 0.14 0 38
Total $9.37 89.49 99.82 97.3%¢% 98 .81 99 8¢
NI 217 266 291 194 774 08
CR 187 504 186 347 414 148
BA 148 227 78 47 147 738
kB 8 16 § 2 @ o o1s
SR 170 564 381 298 101 g31
IR 103 156 98 55 86 166

y 20 18 20 20 17 20
KB 18 37 20 10 12 &4
o 16 17 16 19 16 17
cu 37 79 108 114 31 86
IN 73 88 83 86 7 81
st 28 24 28 24 24 25

v 203 197 209 194 182 227
LA 5 15 7 5 2 18
CE 28 50 30 29 26 49
(1. €8.98 61.47 €2.52 88 87 73.02 €0 48
or 01 532 2.48 177 1.83  6.32
ab 1235 16.34 16.58 20.08 10.37 13.7¢
an 27 66 26.07 27.66 28.75  28.07 1466
ne §92 210 3.81  2.41  1.315  4.70
¢i 3106 19.81  22.44  13.92 2839 10 11
ol 1351 24.44 21 61 20,87 17.71 1169
[ 34 1.71 1.70 1.78 1.77 1.77 1.7
il 2.62 2.91 .90 2.45% 2.2% 3 80
s 063 0.94  0.50 035  0.33 0 &7



HAMMAH-COMPLETE DATA - Page 1
(25 samples)

Saeple 4272 41t 4281 4271 4213 4zl ‘164 4758 ¢15% 4734 4773 204 2228 416} 4714
RoctType BEN BEN Mus HAW HAW HAW AOB HAW AOB AOB AOB FHAW Aos ADB  HAW
Harrat A A A A A T BA T BA A A T T BA T
§102 £5.88 52 %% 5233 49 £0 48 7 ¢8 80 6839 483 48 30 48 13 47 95 &7 .87 47 78 47 ¢ 47 g
oz 1.03 183 1.57 218 z.22 2.50 2.1% 2.22 2.47 237 2.2 2.1 2.43 z.11 osn
41203 17.77 17.33 16.65  16.81 16.32 16.80 15.7% 16 34 16 23  15.33  16.03 1511 16,23 18,82 1¢.124
Fed 3.20 10.12 J1.SE 11.45 11.87 1068 12.76 12.23  10.14 11.9%  10.4¢  10.47 ES R I R ¥ 2 B
¥nl 0.123 0.24 0.27 0.22 0.20 0.17 0.21 0.22 0.17 ¢.19 0.17 0.17 0.18 0.18 0.2¢
¥el 1.5% 2.3% 7.53 4.73 £ 70 5.59 8.04 §.34 g.13 7.53 8.186 § 08 712 E 763
(a0 3.8 §.53 5.42 8.00 8,70 8.32 8.76 8.60 3.33 948 $.07 §.77 8 49 3.34 §.99
Kazl §.27 6.04 §.78 4.88 4,42 4 3% 3.88 4.17 3. ¢4 368 3.87 409 183 330 40l
K20 2.68 2.01 1.586 1.28 1.14 1,80 079 1.00 1.24 0.8} 1.32 1,24 083 101 e
PI0% 0.77 1] 1.32 0.81 0.71 0.&] 0.%7 [ 0.40 058 0,586 982 0.5% 0.49 O
Total $9.07  S3.6% 9378 55885 5959 93,61 10) 04 100 22 100 €5 100.8% 99 4% §%. %7 10§ 33 10033 160 0
¥l ? I 2 34 86 42 172 46 183 117 141 173 127 173 10
(R 0 ¢ 2 §7 i17 87 265 185 340 2£2 287 les 182 32 169
B& 461 302 251 183 180 217 95 163 165 167 250 163 124 130 100
BB 31 23 22 12 i0 20 5 7 16 7 16 16 3 11 3
SR 2055 800 7358 658 656 307 408 482 512 586 1687 1629 7558 561 567
H 640 383 422 278 258 288 200 294 253 180 279 270 z18 255 245
Y 14 34 41 28 29 23 23 38 22 28 2 12 22 23 27
NB 80 51 54 35 32 i6 24 23 38 23 40 36 21 33 z9
GA 14 15 23 1 14 21 17 i 13 15 17 7 14 23 i§
cu 28 20 21 5¢ 52 48 68 63 69 €6 64 83 61 §2 62
N 104 94 108 €9 85 92 99 92 &0 1 83 80 79 81 &3
sC 7 9 8 16 17 20 22 21 27 22 21 22 18 25 22
v 24 50 27 154 166 218 184 162 17 225 137 134 188 217 200
L4 71 52 54 33 27 32 17 27 19 20 29 30 22 22 24
(E 130 106 1l 76 68 71 52 €8 50 55 66 7 57 56 &0
AN 19.92 24,63 23.53 3859 42.61  45.90 46 36  44.00 $2.58  48.23 49 85 47.42  46.63  50.45 4719
or 15.84  11.88 11.38 7.586 6.74 8.86 4.67 5.51 7.33 4.79 7.890 7.33 4.91 5.97 6.08
ab 43.97 4357 44,95 33.85 2873 25.80  28.56  29.16 21.90  26.46  23.96 21.30  27.6%  22.35 25 %%
an 12,43 14.24  13.83 21,08 21,33 21.8% 24.68  27.97 74.23 24 85 23.82  19.2)  24.20 22.16 27 .82
ne 1.67 4.03 2.01 3.i8 .70 5.97 0.94 3.3z 4.82 2.44 3.38 7.21 3.02 4.85 5.60
ci 2.02 4.7 .78 1110 14.30 15,17 12.36 12.48  15.73 15,42 14,30 2086 1176 16.64 14
ol 1203 13.8% 1578 1536  16.81 14.17  22.50 18.74 20.20 1935 1915 16.35  20.94  20.35 1% 6%
134 1.48 1.62 1.93 1.84 1.8 1.73 2.06 197 1.68 1.94 1.68 1.68 1.3¢ 1.8¢ 1.91
il 1.36 360 7.98 4.32 4.121 4.14 4.08 4.22 3.93 4.40 423 4.00 4.7 4.01 4 &8
iF 1.78 2 66 3 06 1.87 1.&3 141 1,33 1,66 0.94 1 28 123 144 iz¢ b1z It




HAMMAH-COMPLETE

DATA - Page 2

Sapple [ B33 4237 6217 47483 ¢187 4713 £774 4768 4265 4221
RochT«.jPe AoB  AoB HAW HAw AO0B AOB HAw HAW HAwW AOR
Harvrat BA T T A BA T A A A T
1072 47 3 47.17 67,113 46 .47 46 17 45 88 45 70 45 64 65 62 45 &9
Tig? 2.11 2. 7% 2,78 2 83 2.43 2.28 2.13 2.17 2.60 2 1k
a1703 15.31 16 .63 16 .93 16.83 16 20 14 &4 13.25% 15.43 15,18 14 80
Fel 11.82 12.4) 11.890 11.48 11,83 11.65% 11.3% 11.37 12.29% 11.8%
¥no G.18 0,21 0.18 0.18 0.17 0.19% 0.18 0.1% 0.18 018
¥glh ¢ 17 & 62 £.13% 619 7 6% 18.73 8.65 7.583 7.9%8 8 ¢
Cad $ 57 3 00 3.0% 8.52 11.16 3 k2 11.29 10 62 93 11,5890
N2z0 3.43 385 4.13 4 .04 3023 3.4 3,585 407 4. 54 A3
K20 0.%2 g 73 1 0% 120 0.7% 0.78 1.74 114 1 06 0.89%
pzas 0.33 0. 7% 0.5 ¢ 59 ¢ 29 0,490 0. .57 0.60 0.%8 0 43
Total 100.42 100 16 39 84 99.33 99.83 $9.67 93.71 98.76 $9.42 89 2%
NI 177 6% [ L4 120 278 1582 183 148 23%
CR 271 127 16 7 163 6156 263 216 213 390
5h 122 1258 181 202 108 76 407 738 07 148
RB 10 7 11 14 8 7 16 14 7 10
SR 481 535 737 833 543 831 760 £97? 758 6§64
IR 178 223 246 141 158 185 2158 216 237 187
Y 22 30 26 K 22 23 zl 22 28 21
N8 24 23 32 49 22 23 81 39 54 36
] i8 2 ? 19 18 17 20 18 71 17
o] 32 &6 54 53 161 76 93 64 79 71
IN 8% b2 77 80 a0 7% 103 86 93 31
SC 21 22 20 17 27 24 25 21 19 24
y 238 211 218 731 263 223 236 207 196 224
La 14 21 27 28 10 18 30 25 34 19
CE &8 59 65 65 1% 48 69 62 71 51
#N 82.88 48.19 49.93 £3.43 61,38 36.52 65 52 89 21 52.00 63.93
or 5.44 4.67 6.26 7.09 4 .49 4,61 7.33 6.74 §.26 5.26
ab 21.09 . 29.14 24.60 21.10 17.2% 17.84 10 .64 14.10 16,53 12.67
an 23 .66 27.11 24,83 24.25% 27.4¢6 23.20 20.22 20 47 17.%1 22.4%
ne 4,30 0.48 .69 7.08 £.44 5.84 12.34 11.02 11.85% 8.77
43 i7.64 10.22 13.64 15 7% 21.30 17.18 26.23 23 22 20.31 26.407
[ 21.41 19 8% 16.79 18.18 16.83 24.00 15 8¢ 15.43% 18 .41 17.18
et 1.87 2.00 1.0 1.86 1.86 1.67 1.83 1.83 1.99 1.91
il 4.38 5.3 5.28 8,37 4,62 §.32 4. 05 413 4,94 4 .09
ap 0.77 1.83 1.36 1.37 0.68 [ 1 13 1.39 1.13 0.9%8




MADINAH-OTB-HAWATITE-MUGEARITE-BENMOREITE-TRACHYTE - Page 1
(55 samples)
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Sample 4147 4237 2290 2373

Rock Type TRACH BEN TRAcH BEN BEN BEN BeN BEN BEN BEN Mué Mue Mue Mue HAw
Hovrat R T R R T R R R T R BA R R R T
Subunit GmY Qml GmS GmY Qml @m3 Gm3 GmY Qml BmHY Gmb Qm5 Gm3 am¥ Qml
S0 £3.0¢0 39 41 58 87 £7 7% 87.%2 £7 81 IR £5 £f 5518 4 13 24 07 83 I¢ 80 81 5014 [
Tins 017 0,66 0 %4 0. .88 .77 0.8% 0 &8 118 1.06 1,32 1.71 1.87 .87 219 P
#1703 17 .58% 17.23 17 62 17.1% 17.36 17 .66 17.1% 16 .47 17.11 16.31 1718 16.8] 16.47 16.19 16.5¢
Fel 4 %1 8.3 7.8 9. 88 2.%1 .18 §.71 11.27 10.32 11 28 10 07 10,40 17 8% 12 1 R
EnQ 0.18 0.2% 0. 2¢ 0.30 0.26 0.26 0.2¢6 0.3 0.31 0.24 023 0. 28 0.27 827 [
Kol 0.17 0,81 0.64 0 99 0.82 1.13 1.13 1.37 1.32 1.5%5% z.83 2.67 2.32 3.27 5067
Cz0 1.37 3.1% 327 3.97 3.71 3.83 4. 14 4 83 4 78 538 $. 50 888 §. 43 7.28 B 8
N2zl 7.%8 § 66 7583 § 06 & 8% £.37 &.0% 5.1 6. 80 558 s e §.1% 5. 8% $.21 4 70
K20 .07 1.7¢ 3.73 1.38 .41 3,18 3.0% 2 66 2.72 2.44 2588 2 26 1.717 1 83 1.17
p20% 0 04 0.3 0. 26 0.48 0.33 $.56 0.%% 0 64 9 62 0.77 0.50 1.09% 1,458 1 &6 0 e
Total 100.44 100.23 100.29 100.88 $9.60  100.57 89 .51 100 16 3% 89 $% %9 100.41 100 26 100 49 100 44 100 9&
NI i? 7 8 0 [ 3 1 i 3 2 18 7 ] 8 £7
R 8 ¢ 3 0 0 0 d 2 ] H 4 [ 0 0 i¢l
Ba 11 776 £74 619 58 412 §$ig §35 £04 tig 451 2 169 288 183
kB 71 34 31 24 31 31 27 22 19 22 19 18 14 15 &
SR 28 268 343 292 Ie 324 188 188 400 37% 418 458 589 4] 434
IR 1436 1048 787 508 730 688 700 476 7¢8 462 488 £890 3144 358 309
Y 38 58 53 52 48 0 50 56 73 LX) 47 47 47 1 0
NB 154 83 17 53 173 71 72 50 77 [}] 48 &7 41 47 28
GA 50 10 32 29 6 26 78 3 28 30 ' 2 7 7 71
v 13 23 12 15 14 36 27 17 27 21 z3 0 26 21 1)
IN 211 134 133 132 110 149 13] 1582 145 149 117 13 114 126 89
sC M i2 ? 18 i 9 8 28 16 3 19 20 13 17 23
¥ 12 12 12 12 11 14 14 1 18 18 108 61 50 59 178
L& ) 120 33 6% 52 64 62 58 53 74 55 47 43 47 49 2%

P 4 221 150 129 107 124 124 117 112 148 117 99 105 38 111 £1
&N ¢ 00 10.47 §.490 16.47 12.06 16.88 17.82 18.8% 17.58 20 9¢ 74 48 23.8% 25.78 28.%1 42 72
or 29.96 22.40 12.04 19.98 20.15% 18.7% 18.2 15.72 16.07 14.42 15.07 13.38 10. 4% 1141 .62
ab £2.43 50.66 47.714 4%.3¢0 47.18 £0.23 48.63 47 8% 44 43 46 . 8% 40.82 43.12 38.74 37.07 3z 27
an 0.00 5.93 3.26 .72 6.55 i¢.20 10.5¢4 1119 $.48 12.3 13.23 13.3 13.46 15.0% 24.06
ne 5.21 3.08 8.66 1.07 5. 582 1.9% 1.39 0.53 5.13 0.27 4. 47 3.00 5.83 3. 80 1.1
di 5.78 6.44 5.82 5.98 8.09 4.48 5.87 1.47 8.82 8.10 .13 .17 7.6% 8.64 12 .82
ol 4.26 8.40 5.9% 10.58 7.86 16.82 10.73 12.05 10.37 12.128 11.77 12.41 15.18 14.64 16.7¢0
ac 1.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0¢0 0.00 0 00 0.00 0.00 0.00 0 00
nt 0.00 1.33 1.22 1.5% 1.38 1.48 1.87 1.81 1.67 1.67 1.62 1.68 2.04 1.98 1.84
il .32 1.25 1.03 1.67 1.46 1.89 1.66 2.18 2.02 2.81 3.2% 3 8% 3.92 4.1% 4 07
ip 0.09 0.82 0.61 1.10 0.9} 1.2% 1.2? 1.48 1.44 1.7 1.1% 2.581 3.38 .83 1.2%
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Sapple 2384 418k 4186 1616 239¢ 4170 1608 4148 d114 §148 2383 di82 4736 1670 23%
‘RockType HAW HAW HAw HAW HAW HAw HAw HAW HAw OT8 HAw HAW HAw HAw HAW
Harrat R BA BA R R R R R R R R BA T R R
SubuniT Qmb Qml Gml Bmb Qm5 Am2 Om| Qm3 QAmS5 QmH4d Gmb Oml Bml! Qmb GmS5S
§102 49 %0 £3.40 49 .37 49 28 49 2 49 1¢ 49,14 43 13 49 10 4% .03 48 99 &8 80 48 71 tg &1 48 L6
1162 782 2. 14 2.0% 2.32 2.%3 FEY ) 240 2 40 2.8¢0 1.%87 2.22 2.61 202 2.34 RS
431203 18.72 16.12 16 .50 16.41 16 48 16.39 16,82 16.24 16 40 1% .98 16.20 18.82 16.30 16.47 6 18
Fel 12.04 g 88 11.46 11 88 12. 10 12.03 11.63 12.35 12.92 10.84 12,06 it 3% 10.7% 11.8% 12.49
¥nQ 6.2} 0.16 0.1% 0.24 0.26 0.20 9.20 0.25% 6,26 e.17 0.24 0.18 g1 6.23 0 26
[ 1-51) 4,592 7.8} 6.82 & 72 .86 6.22 588 350 317 318 §.4% 2.1 6. 8% 5 18 37
Cal 7.%0 §. 43 7.43 7.49% .22 g 439 8 14 702 7.1z 11.01 £ 68 g %8 7.96 § L3 7033
Kazl 4 50 4 26 & 58] 4,158 5. 04 §.20 4 .85 £.48 5.22 2.88 4.7% § (% S 08 4,33 & 88
Kz0 138 1 54 1.29 1.47 1.7 1 0% 1.23 1.82 1.71 0.¢0 1581 1 61 1 4% 123 1 88
208 D.84 Q.48 0.61 1.01 1 £8 0.%6 [{IE 3 1.6% 1.68 0.19 1.02 3 14 058 0. &8 (S
Tetal 10019 100.20 100.72 100.02 160.3 100 .67 100.38 $9.88 100 .68 101.01 9 £4 100 48 99 &4 33 78 33 .16
VI 27 148 126 33 0 g3 27 ¢ ¢ 167 28 138 127 &4 18
R 20 768 246 &1 3 118 110 5 7 187 14 68 194 £0 P8
BA 214 66 133 237 253 141 159 258 257 38 211 18] 200 185 13
EB 10 16 13 il 13 8 10 15 i3 4 12 18 i6 § 13
SR 433 588 656 540 585 479 £37 62 597 105 559 526 748 528 LE7
IR 299 7393 2%9 324 387 216 163 362 362 104 334 273 302 280 3
Y 14 22 24 3 46 29 29 44 45 0 18 12 24 15 43
L1 ¥4 33 3 32 44 23 33 4% 43 9 34 3% §1 27 &3
GR 19 18 16 24 2% 19 21 23 21 20 23 24 19 23 23
Y 40 67 68 44 26 85 87 29 20 121 36 53 62 53 2
N 103 71 7% 112 118 95 82 114 117 75 109 78 83 109 118
SC 21 0 20 19 16 23 18 17 17 30 20 21 19 19 16
v 184 189 173 112 82 198 163 84 §7 240 122 213 176 182 64
L8 27 28 28 33 42 21 27 &8 &6 3 33 17 29 26 43
(i [ 58 £5 78 38 55 66 39 102 27 (3] 45 63 67 9%
AN §0.13 43 84 41 5% 37.24 32.2% 42.78 40.77 29.0] 31.¢9 £4.71 31707 §6.40 40.75 41.58% 3312
or 7.92 .10 1.82 8.69 10.11 6 .26 7.27 10.7¢6 10.11 2.3f 8.92 9.51 8.87 127 §.99
&b 32.03 26.03 29.45% 32.122 36.34 30.42 30.28 38.10 35.40 24.37 31.20 2317 25.42 30.39 34 87
an 21.47 20.32 20 .37 19.12 17.30 22.74 20.84 14.34 16.27 29.44 18.38 20.23 17 .48 21.6¢8 17.17
ne .28 5.43 4,12 §.32 .42 .77 4 64 .11 4,75 0.00 §.52 5.%0 9 42 J.66 3. 5%
di 11.85% 1499 11.88 11.47 €.34 13.00 12.6% 1.97 .80 19.50 12.58 16,16 14 %% 12.4% ?.04
hy 6. 00 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.7 0.00 0. 00 0.00 0.00 .00
ol 15.83 17.68 15.07 18,69 16.10 17.88 16.90 15.29 16.78 19.60 15,14 17.76 17.18 16 13 16,16
[} 1.94 1.59 1.84 1.91 1.94 2.00 1.87 1.99 2.09 1.71 1.94 1.67 1.73 1.91 2.82
il 4.78 4.07 1.89 4.40 4. .81 §.48 4.5% 4. 8% 4.74 2.9%9 &4 .2 4 3¢ 1.83 4. 44 4.7
ap 1.2¢4 1.11 1.40 2.33 3.89 1.30 1.51 3.9%2 3.%0 0.44 .37 0.79 1.33 2.04 I g4
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43

78 r1ve 4209 417} 6187 4194 2450 23178 IRES 4193 4156 4160 4057 2648
RockType HAW HAw OTB HAw OTB HAW OT8 HAW OT8 HAW HAW HAW HAW HAW HAW
Harrat T R R B R BA T R R BA B BA BA R R
Subunit Qml Qml QmY Gml Gml Gmb Aml Qml Gm4 Gml @ml Gmb @mb Bm7 Qmb
$i67 48.32 48 14 4812 48 10 48.04 §8.03 47.93 47 88 47 86 47 . 5¢ 47 .38 47.31 §7.30 47.30 7. 03
1102 768 7.4% 1.63 219 1.78 ] .77 1.%2 198 2.49 2.3 .76 2.81 2.9% 2. 6]
#1203 16.53 16.08 16.77 16 81 16.% 16.31 16.38 15,84 15 5% 15.74 i8.70 16.11 16.20 1615 16.2
Fel j2.26 12.03 10.28 1182 11.21 11.78 j0.8% 11,41 11.21 11,65 11.76 12.19 12 73 12.98 11 92
¥nl 0.21 0.21 0.17 G.19 0.18 0.18 6.18 0.1% 0.19 0.18 0.19 0.17 0.1 0.22 0.21
%ol §.59 8,37 §. 14 §.23 8.68 .12 §.96 727 6.0 §.40 §.47 7.54 7.19 537 6 02
Cal 8.33 §.48 11.62 8.5% 10.53 7.%7 11.73 B.84 12.24 8.950 § .61 7.92 7.63 §.172 8 8z
wazl 471 417 7.87 &.02 2.9% .09 2.61 4.00 2.71 405 §.07 4 £7 4.91 421 ¢ ¢l
Kze 1.97 1.14 0.44 1015 0.39 1.30 0.24 107 0.52 0.9¢ 1.14 1.13 1.28 ¢ 92 0 %8
P20% 0.66 ¢ 8% 0.17 0.53 0.23 0.67 0.23 8482 0 1% [ 058 6. &} 0.6 1.92 087
Total 100.32 $3.92 100 21 160.%% 100.88 100.24 100.87 98.54 391 100 51 100.23 100.40 100 80 100.4¢ 88 63
NI 12 &5 11e 1¢8 150 94 134 149 55 150 187 128 98 58 67

(R 21 154 22 168 287 130 759 770 202 296 319 229 137 17 144

BA 241 132 23 119 32 112 13 109 187 83 109 78 $2 97 138

RE 10 9 4 12 3 1z 2 11 s & 10 3 11 § 8

SR 534 437 172 715 330 305 388 485 402 668 691 §17 903 564 L1

IR 261 246 103 291 120 389 112 253 124 273 283 28 M) 245 229

Y 1 32 13 26 21 23 71 28 23 27 25 2 23 14 39

N8 33 32 10 1% 8 30 8 29 14 28 33 27 33 28 28

6 23 21 18 20 20 25 13 18 18 21 18 22 22 23 24

3y 43 62 96 69 124 62 124 12 126 76 70 £4 50 41 62

N 89 $3 76 84 81 104 72 86 %0 82 g1 100 103 37 34

SC 20 23 28 22 27 13 32 20 32 22 21 15 16 22 22

Y 158 190 243 205 249 180 288 171 288 211 205 150 168 193 183

La 26 27 § 27 4 31 5 23 § 23 2% 25 i1 3 24

(E 66 §6 26 64 31 76 28 57 29 62 63 67 74 81 &3

LL 4477 47.88 £9.258 46.48 57.03 40.04 59 .37 46.42 £7.00 47.87 48.13 44.20 42.94 43 .64 45.96
or £.32 §.74 2.60 6.80 2.30 7.68 1.42 §.32 3.07 5.7% 6.74 §.68 7.56 §.44 5.7
ah 29.78 29.03 21.72 24.38 23.08 26.68 22.09 25.52 21.68 23.83 22.86 24.82 24 .43 29.00 27 .60
an 24,14 21.7% 31.58 1.2 30.63 17.82 1z.27 22.11 78.73 71.88 21.20 19.66 18.39 2245 23.47
ne 3.16 1.31% 1.39 4.89 1.02 §.88 0.00 4.51 0.68 5.66 6.27 7.96 9.27 3.5% 3.43
di 10.94 12.18 20.41 14.11 18.07 12.63 19.33 1511 25.33 15.26 14 68 12.87 12.49 11.73 12.¢6
hy 0.00 0.00 0.00 0.00 0.60 ¢.00 0.1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
el 17.79 18.37 17.50 20.72 20.19 18.30 19,54 18.81 13.76 20.33 20.94 19.9% 15.83% 18.33 17.31
| 1 1.37 1.94 1.6% 1.87 1.81 1.50 1.7% 1.84 1.81 1.88 1.50 1.97 2.08 2.09 1.91
il 5.08 4.6 0 310 4.54 3.38 4.32 3.36 31.65 3.7 4.73 §.51 § 23 534 5.60 4 9%
ap 1.83 1.986 0.39 1.23 0.53 1.5¢ 0.53 1.20 0.44 1.28 1.26 1.40 1.83 2.36 2.02
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RockType OTB HAW HAw OTB OTB HAw HAW HAw HAW HAW
Horval R T BA R R R BA BA R R
Subunit Qm3 Bml Qmb Qm7 Gmb Om5 Gm3 AGmLZ Am5 Qml

$102 47 .01 46,99 46.56 26 53 46 18 46 1% ¢% 85 45 77 48 86 4% 35
1102 1,80 2.41 7.8¢4 iy 2.22 156 756 7.93 38 361
41203 15.82 16.4¢0 15 84 15.90 15 31 16.2] 15.2¢ 15.40 15.84 15 .87
Fed i0.48 11,28 12.36 11.18 11.88% 12.94 12.78 12 40 13 14 13021
Eng 0.17 0.20 6.18 0.18 618 0.22 0.18 0.18 0.23 0.22
Kol 16.86 6.91 § 2% 8 91 8 73 §.32 8 1 6382 498 L
(20 11.04 3 65 g.L0 1168 IR § 90 §.97 9.04 § 05 3 02
¥az20 2686 3.91 4.2 277 2 78 4.09 4 11 41 421 ¢ 16
K20 0.2% 1l 1.8 0.33 040 .62 .04 1.23 110 1.07
P2CS 0.18 [ ] 0,584 ¢ 23 823 0.98 0.%% [N 1.08 1.0
Tetal §9.94 $5.97 100.36 59.%3 %% €9 99 1% $9.90 100 %% %8 S0 98.8%
L3 268 8 127 183 147 23 122 34 18 21
(R 44t 151 238 kR 279 74 245 173 17 23
BA H 180 11 12 19 118 71 134 133 112
RB ! 1¢ 10 3 ¢ 7 3 12 b 7
SR 3149 858 7838 475 433 612 744 147 604 600
IR 102 256 1086 133 133 247 283 286 269 281
Y 18 26 F 21 71 3l 23 2% 14 33
NB 6 32 28 12 10 28 27 42 28 28
3] 1% 22 18 21 19 18 18 16 I3 zl
v 112 §5 60 106 103 4% ! €0 46 55
IN 73 82 82 83 g0 108 34 g1 109 108
$€C 28 22 13 28 28 ©2l 19 22 19 21
v 233 230 208 169 269 223 2358 237 138 222
LA 3 28 23 6 6 26 24 28 21 28
(43 2% 68 61 32 k3 67 (X 66 68 68
AN §1.19  81.%9  49.40 62.07 €2 12 é6.01 50.89  54.¢0  &5.90 4539
or 1.48 6.56 5.18 2.30 2.36 5.03 6.1% 7.27 6.50 6.3
ab 19.34 22.45  21.60 18.21 §.20 26.83 19.42 18.71 24.84 24.81
an 30.49  23.%2  21.09  79.80 29.84 22.86 10,12 19.%4 21.08  21.47
ne 1.72 5.76 7.64 2.83 2.78 4.21 8.32 3.7% 5.84 5.63
di 18.86 16.20 14,38  71.6% 10.60 12.37 16.917 17.12 14.04 13.88
ol 23.28 i6.38  20.78 18.73 19.40 16.12 20.68 2093 15 46 15 67
et 1.68 1.8] 1.99 1.80 1.88 2.09 .06 2.00 2.15 2.13
il 2.8% 5.52 §.39 4.25 4.21 6.7 §.62 5.87 6.66 6.85
ip 0.36 1.49 1.25% [ 0 54 2.27 1.31 1.40 2.49 2.34
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RockTépe AOB AoB AoB AoB AOB AROB AoB AOB AOB AoB AOB  A0B  AOB  ADB  AOB

Havrat R R T T T BA R R R T BA R R R T
Subunit Bml G@m17 Am3 aml Gm| AGm2 GmL 8Gm3 Qm5 Gm! Bm3 Gm3 Gmb Gm5 Qml
$107 €764 47,41 4738 4731 4118 41.1¢ 47 08 4708 47 06 47 06 47 01  46.96 46 53  46.%1 46 £3
iz 2% 207 2.48 275 z.ez 16 2.7% 304 308 2,81 236 2.02 187 261 7.el
81203 16,92 1676 16.07 16 41 16.2) 16.32  16.60 16.49 16.42 16.47 1560 16.87 16.38 16.26 1% ]
Feo 11,80 11.49 3147 11.47 12,86  12.46 12,57 12.84 12.55 13.724 11.20 11.49 12.78 12.37  11.70
Ko 0.1% 0.t 015 016 0.22  0.19 02 0.19  0.20 0.21  6.17  0.18 0.1 0.2z  0.19
K20 739 803 808 727 684 724  6.85 112  6.27 601 875 817 676  6.20 5 &S
ta0 953 10.36 944 324 .51 877 935 8.6z 910  £.39 9 56 10.25 901  9.05 10 74
K310 365 308 3.3 920 354 1.8y 182 385 3.7 3.9 1%2 32z 374 409 338
K20 0.%2  0.85 0.5 1.02  0.30 059 0.70  0.72  0.82  0.90  0.84 0 S8 0 83  0.88 0. g7
P203 0.5% 027 0.5¢  0.85 084 033 0. 44  0.37 0.5  0.8%  0.50  0.28  0.44  0.34 0 ¢
Tets 100,04 100.28 100.32  $9 50 100.33 10039 100.14 100 72 100.33 100.17  $9.31 100.02 100.6¢ 99.55 100 0
W1 112 113 124 114 7 83 7 80 62 54 183 113 7% 3 188
CR 203 182 256 153 156 160 101 125 79 82 393 119 122 56 142
B8 143 e 37 132 130 28 55 36 114 122 2 3 84 93 o5
RE 8 ¢ 10 7 § 3 5 § ¢ 8 8 3 7 ¢ 1
SR 1 7 £11 657 482 411 509 559 §23 552 €87 506 588 $66 511
IR 206 143 219 251 204 167 191 181 21 219 282 157 203 224 204
Y 24 20 27 7 1 2 24 24 28 13 2 22 24 12 76
N8 2% 1% 28 28 21 16 20 19 25 26 23 13 24 22 28
54 20 2 20 20 20 22 18 17 ! 18 15 21 18 20 18
cu 78 32 7 &1 74 84 60 59 59 53 82 75 51 31 45
N 88 82 79 80 32 30 85 7 88 85 54 $2 84 56 73
s 25 25 25 21 24 25 24 24 22 20 21 24 23 22 26
v 228 42 226 218 206 260 243 276 219 197 204 213 281 155 236
LA 17 3 23 23 20 1 16 14 21 24 20 1 18 23 18
CE ¢s 36 58 §0 57 41 ¢t ¢ 52 64 57 2] es 63 53
BN 50.17 56,61 50.95  50.4% 4917 52.25  50.40 52.55 48 84 45.43 §1 33 S8 01  49.54 46.36 &7 11
or S.44 325 5.38 6,03 414 343 414 4.26  4.85 532 4.96  3.43  4.351  5.20 5 14
sb 24,44 22,94 23.38 2458 27.16 24 38  25.13  24.32  26.88 29.44 21.313  21.62 25.94  27.0% 1826
an 26,61 29.92  24.29  25.07 26.28 26.68 25.54 26.94  25.37 24.51 22 49  29.87 25 46 21.41 24 31
ne 148 206 457 374 1.8 .25 330 3100 257 2.20  6.¢2  3.05  3.09  4.07  5.60
di 1565 16.13  15.85 1410 12.76 16.15 1482 1513 I13.46  9.35 17.67 15.67 13.47 12.69 21 10
ol 16,68 19.69 19.48 18.18 20,02 18.57 18.52 18.48 17.86 19.65 19.72 20.17 18.05 18.05 1§ 6%
et 1.50 186 1.8¢  1.8¢ 2,07 2.02 2.03 202 2.09 2.13 180  1.¢6 206 2.00 1 80
i1 486 394 471 522 460 5,26 S.18 578 6.05  5.64  4.49  3.83  6.79 500 4.7

i 1.26 0.63 1.26 .2 1.%4 0.77 1.02 0. 8% 1.24 2.07 1.16 0.66 1.02 2.18 .09
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Sample 2423 210 427 4198 4169 2822 4147 7474 ¢t 4210 41%¢ 4171 177 14090 iat

IS
I

‘ROc.kT%Pe AOB AoB AOR AOB RAOB AOB  RoB  A0oB AOB AOB AOB AOB AoR AoR AOB
Havrrat R T R BA R R R R T T T R BA R R

Subunit  Qml Aml Oml aml am3 @m3 @m3 am5 Gml Gml Gm5 am3 Gm3 Qmbd Qmb
5102 4682 £5.80 46 78 46 18 4

6.59 46 55 46.53  d6.49  ¢& 39 624 46 .23 48 21 46 .20  45.87 4% gf
Ti02 263 2.7 .47 228 2.98 2.73 2,56 3.20 2.73 7,56 2.5¢4 7.33 2.7 385 143
#1203 16.16 15.97 16.46 15.27 16,83 16.21 1641 16.31 15.68 it 34 14.9¢4 16.33 16 27 16 11 1% &%
fed 12.48 11.81 12.28 il.48 12.82 12.56  12.43 13.13 11,43 12.23 10.82 17 84 12.57 i2. 3l 12.32
¥no 0.2¢0 0.19 6.13% 0.18 0.20 0.20 0.20 0.20 6.19 0.19 018 020 0.29 0.19 012
K20 §.95 8.00 6.86 8.96 6.64 6.80 §.67 6.14 8. 72 6.9% 3 58 §.87 6 71 589 22
Cal 9.82 9.3 10.31 3. €4 3.63 $.8% §.72 $.00 9.83 10,65 1063 9.48 10.15 §.82 9 6%
N3z0 3.67 3,64 336 3.5% 3.87 3.48 3.57 1.88 I.¢8 3.%9 17 171 1.62 344 350
K20 0.72 0.70 0.5¢6 0.80 0.86 068 0.85 0.88 .07 085 1.6 0.8% 0.87 0.77 [
P28% Q.83 0.37 G 54 0.5} 0.79 063 0.80 03¢ 0.5¢4 0.34 0. %1 0.78 070 D33 633
Total 100 04 93.67 33.82  99.42 106.42  89.89 10921 $9.89 160.32 $9.85  99.36 %9 81 §3.84 $9.03  39.42
LB 74 149 7% 186 80 67 £9 58 131 &3 171 58 £7 g2 i8¢
CR 108 186 118 467 £ 122 £5 74 785 147 (12X 59 96 118 154
EA £4 73 168 103 54 158 117 118 148 ig 144 174 45 £3 78
RS 5 & 5 $ é 5 3 8 12 5 14 6 5 7 3
SR £30 514 584 628 SE7 480 573 570 826 478 683 598 583 £97 £59
IR 164 179 167 248 204 177 202 216 223 160° 21l 201 176 198 197
Y H 24 25 28 30 27 Z 27 26 23 24 28 21 23 22
KB 17 19 18 29 22 21 22 23 14 1§ 3 22 i 2} 22
G ig 18 17 H 22 19 22 22 17 19 16 0 18 19 22
y 70 71 75 £9 87 66 58 50 78 72 76 60 113 54 134
IN §2 g1 e8 83 §1 50 $3 86 77 77 71 $3 91 §6 8%
s 24 24 24 23 24 23 24 21 24 23 24 23 23 2 22
A\ 232 280 249 210 249 228 246 238 241 231 238 237 238 289 277
LA 14 16 14 19 13 15 20 19 24 1l 24 17 17 i7 16
4 46 ¢6 43 54 55 46 55 81 60 42 58 54 50 47 13
L3 §1.84 §1.32 §3.96 51.96  51.73 52.05  51.74 49.44 §5.87 §7.14 56.08 51.42 83,47 £2.96 54 27
or 4.26 4.14 3.31 £.73 5.08 4.02 5.02 5.20 £.32 3.25 §.26 5.02 3.3% §.85 4.6}
ab 23.68  23.87  24.04 21 60 24.38 24,51 24.48  25.04 18.2% 20.44 17.27 23.99 22,713 23.31 2136
an 25.50  25.17  28.18 23.37 26.09 26.60 26.24 24,49 23 11 27.25 2.06 28 40 26.12 26.24 25 1%
ne 3.99 378 2.38 4.57 3.63 2.68 310 4.22 6.98 4.37 6.55 4.01 4,33 3.14 4.47
di 16.26 18.29 16.04 17.26 13.62 15.00 13.7% 131,65 18.07 19.23 19.78 13.63  16.2% 15,15 17.23
ol 18.14 19.61 18,08 20.7) 18.37 18.36 1s.20 17.94 19.43 16.92 19.80 18 48 17.74 17.1% 1718
[ 3 2.02 1.81 1.57 1.86 2.02 2.03 2.02 .12 1.86 1.97 1.74 2.04 2.03 1.%% 1.9%
il 5.1¢ 5.27 4.7¢0 4.28 5.66 §.13 5.63 6.08 5.19 4.85 4.83 §.87 §.21 §.73 §.52
2p 1.24 0.87 1.2% 117 1.84 1.45% 1.86 1.30 1.24 0.7% 1.18 1.81 1§61 0 30 ¢ g3




Sagnle 4158 IEE 2448
RockType A0B  A0B  A0B8
Harvat BA R R
SubunitT Qmb Qm7 Qm2
$i02 45,83 €5.82 45 ¢s
Tio2 290 2.85 7
#1203 1545 1533 §5 g7
Fed 11,75 11.¢4  12.21
¥no 018 0.18  0.20
koo S 06 528 gl
Ca0 927 10.73 11.1¢
Nz20 3.0 104 313
K20 093 0.57 0.5t
P205 0.46  0.29 ¢ &g
Total $3.54 9 40 3p g1
¥l 188 190 70
cR 289 67 136
8a 82 53 0
58 7 3 4

SR €42 457 442
% 266 161 170

¥ 23 21 27
K8 6 13 18
GA § 16 18
cu §0 83 §¢
i §s 82 91
s 21 26 26

v 132 259 227
LA 20 1 14
cE 55 35 4
aN 54.30 60.05  57.62
or §.50 3.3 3.2%
ib 18.36  17.63  20.32
an 21782 26.50 2763
ne 802 4.38 334
di 17,28 20.46 19 68
ol 20,58 19.64 16 44
ot 190 1.8 1.9
il S.16 5.04 435
ip 106 0.67  1.37
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APPENDIX B:

Rare earth element data for Harrat Rahat lavas

(C.N.) against the values of Nakamura (1974). Data were determined
by INAA; precision should be 5-10% unless working close to detection
limits (N.Walsh, written communication).

t Sample No. 4147 4210 4232 4261 4149 4204 4270 4226
] Rock type Trach. AOB Ben. Mug. 018 0or18 0TB 0TB
| Basalt Madinah Madinah Madinah Hammah Shawahit Shawahit Shawahit Shawahit
| Subunit Om 4 Qm 1 Qm 1 - Upper Upper Upper Lower
|
‘ La ppm 102.50 15.96 66.90 52.60 10.96 10.68 7.53 6.72
[ Ce ppm 243,00 38.76 158.10 124.60 27.32 24,69 19.00 16.48
| Pr ppm 23.80 4,51 16.60 13.10 o 3.22 2,30 2,18 1.84
' Nd ppm 92.60 21.06 66.20 57.60 15.12 13.11 11,20 9.53
| Sm ppm 18.30 4,84 12.78 11.10 3.83 3.30 3.07 2.55
| Eu ppm 2.50 1.81 3.79 3.71 1.42 1.21 1.16 .96
| Gd ppm 16.70 4.83 11.39 9.98 4,03 3.49 3.43 2.91
| Dy ppm 16.75 4.38 10.13 7.74 3.55 3.30 3.55 3.22
| Ho ppm 3.45 .88 2.06 1.56 .71 .74 .76 .71
| Er ppm 10.56 2.41 6.11 4.18 2.20 1.96 2.23 2.11
| Yb ppm 10.80 1.97 6.19 3.49 1.71 1.70 1.98 1.88
| Lu  ppm 1.68 .31 1.02 .55 .26 .27 .31 .29
l
| La (C.N.) 310.6 48,3 202.7 159.3 33.2 32.3 22.8 20.3
| Ce (C.N.) 280.9 44.8 182.7 144.0 31.5 28.5 21.9 19.0
| Pr (C.N.) 195.0 36.9 136.0 107.3 26.3 18.8 17.8 15.0
| Nd (C.N.) l46.9 33.4 105.0 91.4 24,0 20.8 17.7 15.1
| Sm (C.N.) 90.1 23.8 62.9 54.6 18.8 16.2 15.1 12.5
] Eu (C.N.) 32.4 23.5 49 .2 48,1 18.4 15.7 15.0 12.4
[ Gd (C.N.) 60.7 17.5 41.4 36.2 14.6 12.6 12.4 10.5
[ Dy (C.N.) 48,9 12.8 29.6 22.6 10.3 9.6 10.3 9.4
| Ho (C.N.) 45,3 11.5 27.1 20.5 9.3 9.7 10.0 9.3
' Er (C.N.) 46.9 10.7 27.1 18.5 9.7 8.7 9.9 9.3
| Yb (C.N.) 49.0 8.9 28.1 15.8 7.7 7.7 9.0 8.5
] Lu (C.N.) 49 .4 9.1 30.0 16.1 7.6 7.9 9.1 8.5
I

Note: Data are shown in measured ppm as well as chondrite normalized ppm
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(48 samples)

SSapple 2476 7607 HIE 4178 CiES rde cned 4065 7197 11 1473 243 2413 280k s08
RockType AOB AOB ADB AOB AOB AOB AOB ADB AOB AOB ADB A0B AOB A0S AOB
Harrat R R R BA  BA R R R R R R R R R R
Subunit  Gm2 GmT7 Gml Qml Gm! Qml @m3 Qm7 GmlZ AQm3 Al Gm7 Gm5 Qml] aGml
£:02 4940 £8 .84 48 5% 45 41 ¢8.23 €820 48 12 47 68 47 85 779 47 78 47‘?7 47 58 47353 £7.%1
1102 1.%8 2.3% 1.32 2.2 2.¢3 2.49 2.32 2.7 260 781 211 2.6% 7.64 1.97 ' 2.77
11203 16.45 16 8] 16 04 16.38 16.68 16.13 16.49 16 .40 16.27 17.14 16.23 16.73 j8.83 16 74 16 8¢
fed 10.98 11.38 11.48 12.70 10.42 1z.03 11.82 2.1 12.9% 1191 1173 IR 11 64 1116 12.08
¥no 013 0.21 013 0.21 0.17 020 6.20 0.21 0.20 020 0.3 6 18 619 018 613
¥gl 7.3¢ £.88 7.64 6.23 7.06 7.16 6.97 6.77 6. 54 §.48 7.51 g 96 797 7.87 647
(50 8.79 §. 66 9.0¢ g &0 10,44 5 07 §.84 9.69 8 .88 9.29 8.08 10.82 9.3 10,50 5 &2
Kaz0 3.81 3.930 3.79 3.93 .77 3.88 ¢ 09 1.%6 3.80 .68 17 316 358 1,18 1 &4
K20 0.9% 108 0 83 0.94 1.10 0.82 0.93 0.84 078 0.81 0. 87 0.43 0 74 0 <8 0.5%2
P2GS 0.¢8 0.71 0.46 0.582 0.4 0.43 0.54 0.82 0.58 053 0. 47 0.29 0 45 0.24 [
Tetal 100.44 100.49 §9.%7 100.41 100.70 100.41 100.23 101.81 100.49 100 43 99 7% 101 .68 99.56 93 8% 100 ts
L 130 1S 145 72 80 104 116 74 89 &7 110 150 148 103 [

(R 315 i€ 344 112 14§ 199 152 120 145 23 243 250 233 164 117

1] 106 183 34 140 176 74 101 58 221 €1 n 4 101 3% 87

RE 10 § 8 8 12 7 H 8 § 7 9 4 § 4 8
SR 438 830 443 412 642 457 513 580 478 567 643 445 313 168 576
IR 239 245 232 232 208 180 717 223 208 204 12 150 182 129 1%l

Y 26 29 27 10 71 21 27 3 30 26 26 22 24 2 2

Ng 27 30 1 21 23 20 23 20 24 20 H 10 2 il 25
Ga 16 20 21 23 19 18 18 21 19 13 20 18 20 18 18
v 83 83 81 63 23 65 61 63 28 54 85 107 68 8% 62
N 50 93 87 $5 90 88 86 97 88 88 (3] 82 88 84 83
$¢ 21 18 22 23 25 23 2 24 21 23 22 79 23 27 23

¥ 173 164 187 198 234 210 183 218 303 230 258 261 230 243 258
LA 21 25 20 22 16 17 19 24 ! 17 19 12 16 g 17
CE 50 £3 52 £6 48 48 3 76 é6 51 49 50 ¢6 3 81

(3] 45.02 4N 46 .84 45.83 53.91 46.98 47.08 46.66 46.62 50.39 48.95 £9.10 49.19 56.0% 50.3%
or 5.87 §.26 §.91 $.56 6.50 4.85 5.50 4.%6 4 .61 4.7% 514 2.54 4.37 2.84 5.44
ab 29.92 10.11 27.58 28.69 21.67 27.28 27.31 28.00 28 67 27.¢3 25.886 20.80  25.90 23.47 25.4%
an 24.50 24.41 24.31 24.28 25.34 24.18 24.2% 24 .43 25.04 27.8§ 24 80 30.20 25 .08 29.3%9 2%.6%
ne 1.72 1.56 2.43 2.47 5,54 3.01 3.84 2.98 1.89 2.01 3.7 318 2.24 1.86 3.7%
di 13.10 11.42 14.53 13.24 19.48 14 81 13.19 12.59 12.63 12.18 14.19 17.68 15.14 16.81 14 08
ol 19.02 18.31 19.7% 18.71 15.06 18.77 18.98 19.40 19.44 18.20 19.63 21.87 19.45 18.%0 17.50
[ 31 1.7 1.83 1.86 2.04 1.68 1.34 1.%0 2.06 2.03 1.81 1.88 181 1.87 1.80 1.%4
il 3.7% 448 J.64 4 .36 4.61 4.72 4.40 5.2% 4. 94 4.3 .02 3.%6 5.01 374 § 7%
ap 1.12 1.6% 1.06 1.21 0.94 1.00 1.26 1.990 1.33 .23 110 6 87 1.03 1 1.38




