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Fig.1 Integrated geological background map of the study area

(a) structural map and location of the study area; (b) comprehensive stratigraphic column of the Lower and Middle Ordovician
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Fig.2 Cathodoluminescence characteristics of carbonate rocks

(a) calcareous fine crystalline dolomite, with fractures filled by calcite, well X35-1, Majiagou Formation, thin section, (-); (b) calcareous
fine crystalline dolomite, fine crystalline dolomite emits moderate red luminescences calcite in fractures exhibits bright zoned
luminescence (strong orange-yellow luminescence), well X35-1, Majiagou Formationscathodeluthinescence; (c¢) micritic dolomite, with
fractures filled by calcite, well X30-1, Majiagou Formation, thin section, (-); (d) micritié,dolomite, dolomite emits weak red luminescence,
micritic limestone of the surrounding rock shows no luminescence, well X30-1, Majiagou Formation, cathodoluminescence; (e)
micritic—fine crystalline limestone, with calcite recrystallization, well X30-1, Majiagou Formation, thin section, (-); (f) micritic—fine
crystalline limestone, micritic calcite shows no luminescence, fine crystalline calcite core shows no luminescence, edge emits
orange-yellow luminescence, well X30-1, Majiagou Formation, cathodoluminescence; (g) fine—-medium crystalline dolomite, with cloudy
core and bright edges, well J13-1, Ma 6 Member, thin section,(-); th) fine—medium crystalline dolomite, with zoned luminescence, well
J13-1, Ma 6 Member, cathodoluminescence; (i) fine—-medium crystalline dolomite, well X6-4, Majiagou Formation, thin section, (-); (j)
fine—medium crystalline dolomite, luminescence intensity of fine crystalline dolomite and medium crystalline dolomite is consistent, well
X6-4, Majiagou Formation, cathodoluminescence; (k) medium crystalline dolomite, well C10, Yeli-Liangjiashan Formation, thin section,
(+); () medium crystalline dolomite,Awith zoned luminescence, well C10, Yeli-Liangjiashan Formation, cathodoluminescence; (m)
medium—coarse crystalline dolomite) well, C12;<Yeli-Liangjiashan Formation, thin section, (-); (n) medium—coarse crystalline dolomite,
with zoned luminescence, well C12; YelisLiangjiashan Formation, cathodoluminescence; (0) medium—very coarse crystalline dolomite,
with zoned structure, well X5-2, Majiagou Formation, thin section, (-); (p) medium—very coarse crystalline dolomite, very coarse
dolomite shows alternating zoned luminescence of dark red, weak dark red, no luminescence, and bright red, calcite emits strong
orange-yellow luminescence, well X5-2, Majiagou Formation, cathodoluminescence; (q) coarse—very coarse crystalline dolomite, with
cloudy core and bright edges, well C07, Yeli-Liangjiashan Formation, thin section, (-); (r) coarse—very coarse crystalline dolomite,
dolomite exhibits uniform luminescence, well C07, Yeli-Liangjiashan Formation, cathodoluminescence; (s) fine crystalline dolomite,
dissolution pores filled by very coarse crystalline dolomite, well X6-4, Majiagou Formation, thin section, (-); (t) fine crystalline dolomite,

very coarse dolomite filling dissolution pores shows no luminescence, well X6-4, Majiagou Formation, cathodoluminescence
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Table 1 Laser ablation inductively,¢oupled.plasma mass spectrometry (LA-ICP-MS) Test Results (1x10-°)

FERGS | BT PR RN | REHRRE Al Mn Fe Co Ni Cu Zn Sr Y Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

X5-1-1 EFya B b WIS RN | 4242523 93.939 2680.683 | 11.501 | 2.286 | 7.334\ | 4.841 50.724 1500 | 10.066 | 1.797 3.892 0.392 1468 | 0281 | 0063 | 0612 | 0.043 | 0250 | 0.050 | 0.141 | 0.017 | 0.116 | 0.017
X5-1-2 EFya B b RN 777.383 95.840 1891.754 9.472 0.999 | 1.832 | 3.373 63.830 1.215 1.702 1.516 3.360 0.315 1204 | 0230 | 0042 | 0316 | 0.031 | 0.183 | 0.041 | 0.111 | 0.014 | 0.090 | 0.012
X5-2-1 by 2] R4 it RN 296.556 532.686 3300.139 9.067 0.655 | 0.562 | 4.041 66.508 0.782 0.238 0.118 1.062 0.234 1136 | 0359 | 0056 | 0227 | 0.041 | 0.198 | 0.032 | 0075 | 0.009 | 0.061 | 0.009
X5-2-2 EFya R4 L RN 19.234 264.700 15832,647 [N 9.271 1.051 | 0464 | 4.736 88.295 4.935 0.166 0.824 8.347 1.801 8.943 1986 | 0418 | 1.175 | 0209 | 1121 | 0.195 | 0472 | 0.058 | 0384 | 0.053
X5-2-3 EFya R4 it RRH 48.596 1352904 | 19394752 N, 8.951 1385 | 1151 | 3.906 32.228 1.404 0.353 0.863 4.244 0.656 2.647 | 0.569 | 0.089 | 0.404 | 0.058 | 0310 | 0.058 | 0.138 | 0.018 [ 0.114 | 0.018
X5-2-4 EFya it L M5 R 27.203 223.159 7 898.966 8.920 0.511 | 0473 | 3.123 21.761 1.878 0.221 0.595 2.550 0.435 2115 | 0.641 | 0.137 | 0.484 | 0081 | 0425 | 0.077 | 0.195 | 0.023 [ 0.152 | 0.020
X5-2-5 Bk B L /R 45.105 95.900 1338972 8.897 0.368 | 0492 | 2815 36.778 1222 0.290 1.371 2.882 0.290 1051 | 0.198 | 0.039 | 0284 | 0.030 | 0.175 | 0.035 | 0.089 | 0.011 | 0.066 | 0.012
X5-2-6 Bk B I /R 582.559 87.889 1955.723 9.081 0.612 | 0.623 | 3331 45.148 2.200 5.250 2.342 5.477 0.590 2.140 | 0431 | 0.086 | 0.603 | 0.054 | 0361 | 0.076 | 0206 | 0.028 [ 0.175 | 0.027
X5-2-7 By B i /R 147406 105.454 2190.181 9.193 0.498 | 0501 | 3.053 41.376 2.332 0.524 2.169 5.051 0.537 1932 | 0.407 | 0.088 | 0510 | 0.066 | 0425 | 0.087 | 0240 | 0.031 | 0.198 | 0.032
X4-3-1 EFye) B A R 1 915025 90.796 3629.420 | 10253 | 2.734 | 4268 | 4.553 42.852 1.213 13.311 1.346 2.909 0.309 1227 | 0247 | 0060 | 0623 | 0.034 | 0202 | 0.041 | 0.111 | 0015 | 0.095 | 0.013
X4-3-2 EFye) B il R 2331.148 88.893 2808.008 | 11.006 | 2.449 | 2.581 | 4.130 42.134 1.096 5.959 1.231 2.583 0.272 1.054 | 0.196 | 0.039 | 0423 | 0.029 | 0.176 | 0.038 | 0.107 | 0.014 | 0.076 | 0.013
X4-3-3 JifeA sty i) & 0.817 2.205 206.289 15458 | 0.663 | 0.860 | 0.359 41.172 2310 1.081 0.432 0.577 0.321 1562 | 0344 | 0064 | 0295 | 0.050 | 0316 | 0.068 | 0.195 | 0.030 | 0.199 | 0.030
X4-3-4 EFya B b RN 253.098 81.676 1613.025 8.663 1100 | 1.875 | 2942 40.600 1.079 0.887 1.185 2.600 0.275 1.050 | 0203 | 0042 | 0254 | 0.024 | 0.167 | 0.035 | 0.094 | 0013 | 0.076 | 0.011
X6-4 - 1 EFya B b M5 R 378.462 99.915 4555.651 12.876 | 7.220 | 6.831 | 3.152 54.798 1.757 1.445 2.200 5.063 0.584 2099 | 0437 | 0.102 | 0.466 | 0061 | 0363 | 0.065 | 0.186 | 0.025 | 0.146 | 0.024
X6-4-2 A=A B g RN 456.323 91.420 2136.383 8.373 0732 | 0711 | 2.791 68.758 1.680 1.088 2.171 5.077 0.599 2123 | 0454 | 0.098 | 0.418 | 0056 | 0350 | 0.065 | 0.182 | 0.024 [ 0.161 | 0.024
X6-4-3 EFya it R RRH 22.673 700.089 | 26355938 | 8.275 1679 | 0485 | 13.435 | 89.025 5.824 1.602 | 16.194 | 75249 | 11.953 | 43.445 | 6.081 | 0.688 | 3.333 | 0311 | 1304 | 0.191 | 0399 | 0.043 | 0.257 | 0.036
X6-4 - 4 EFye R4 R RN 16.905 663.352 22680.644 | 7.646 0.601 | 0435 | 5912 57.046 | 12977 | 0.836 | 10296 | 53.447 | 10.898 | 50.046 | 9.587 | 1.667 | 5.434 | 0.695 | 3.006 | 0432 | 0.822 | 0.082 | 0425 | 0.057
X6-4-5 EFya it R RRH 18.035 928.581 25785.508 | 7.615 0.756 | 0467 | 5.588 56.678 | 12.198 | 1.222 8572 | 50783 | 9.558 | 41216 | 7.764 | 1341 | 4367 | 0617 | 2.683 | 0397 | 0.811 | 0.088 | 0463 | 0.057
X6-4-6 Bk &t/ HHL - 19.761 717.161 25018.585 | 7.124 0.624 | 0462 | 4358 51.858 9.562 1.057 8281 | 41464 | 7950 | 34569 | 5.823 | 0975 | 3356 | 0445 | 2.090 | 0340 | 0.761 | 0.084 | 0.480 | 0.064
X6-4-7 Bk Je4 HHLT AR 18.923 501.745 26652.838 | 7.199 0.677 | 0438 | 4613 53342 9.425 1.359 7905 | 39219 | 7427 | 31.885 | 5314 | 0.880 | 3.132 | 0410 | 1.963 | 0336 | 0.771 | 0.087 | 0510 | 0.072
X10-3- 1 By B i WFRNE | 2875580 98.637 3156.855 | 11.130 | 1.885 | 3.108 | 5.704 62.919 2459 | 13.151 | 2.538 5.745 0.711 2705 | 0.580 | 0.136 | 0919 | 0.081 | 0506 | 0.093 | 0259 | 0.036 | 0232 | 0.033
X10-3-2 EFye) B i) R 1 662.290 115.392 7368.991 9.982 1.082 | 1.485 | 3.879 89.046 2.403 4.396 1.998 4.502 0.554 2145 | 0516 | 0.112 | 0.691 | 0076 | 0488 | 0.092 | 0241 | 0.031 [ 0179 | 0.027
X11-1-1 EFye) B i) & 5 584.687 91.086 20858.257 | 18.760 | 19.905 | 6.363 | 5.475 48.243 2380 | 19392 | 2.574 5.553 0.664 2.575 | 0.558 | 0.120 | 0970 | 0.075 | 0464 | 0.094 | 0261 | 0.036 | 0226 | 0.034
X11-1-2 Bk B o R 584.706 85.730 1597.754 9.305 0.766 | 1.691 | 2.947 69.282 1.988 2.074 2.382 4.983 0.572 2121 | 0410 | 0.084 | 0502 | 0065 | 0385 | 0.075 | 0213 | 0.029 [ 0.179 | 0.026
X11-1-3 A=A B g R 132.276 100.339 998.015 9.316 0.346 | 0.557 | 2.936 53.846 2.396 0.750 2.339 5.622 0.686 2410 | 0528 | 0.114 | 0554 | 0077 | 0479 | 0.092 | 0255 | 0.034 [ 0213 | 0.032




W % 1R
X14-1-1 A=A SR ML R 580.950 167.515 1410.220 3.810 1.433 0.483 4.414 77.453 1.570 4914 1.702 3.856 0.415 1.536 0.323 0.060 0.422 0.044 0.291 0.060 0.173 0.024 0.149 0.024
X14-1-2 Sy a) e Y5 HLA RS 2 735.623 113.434 1196.303 3.539 0.980 056 4.538, 89.780 1.626 26.448 1.673 3.792 0.399 1.499 0.323 0.081 0.898 0.049 0.325 0.065 0.183 0.025 0.176 0.025
X14-1-3 Sy a) e Y5 gl RS 951.689 126.132 1853.338 3.985 1.182 0487 5.674 53.706 1.710 2.210 1.420 3.370 0.376 1.393 0.276 0.065 0.341 0.053 0.342 0.064 0.178 0.027 0.173 0.025
X14-1-4 Sy 2] e Y5 1 R 28.384 163.916 1260.097 2.794 1.021 0.209 2.722 68.008 1.571 0.853 1.863 4.084 0.428 1.443 0.296 0.052 0.347 0.044 0.255 0.056 0.158 0.022 0.159 0.022
X30-1-1 Sy a) £ Ve i & o 10 866.122 58.632 1740.222 4.355 2.115 1.516 4.044 95.379 2.341 7.218 1.889 5.445 0.717 3.097 0.769 0.145 0.656 0.088 0.500 0.095 0.251 0.036 0.223 0.033
X30-1-2 JifeA e Y5 Ve ARG 3659.677 22.281 1061.425 5.163 1.478 1.620 1.667 87.837 2.169 9.947 2.602 6.039 0.689 2.546 0.504 0.096 0.666 0.070 0.430 0.091 0.248 0.034 0.231 0.032
X30-1-3 JifeA K454 gl ARG 3.208 12.836 341316 38523 0.433 0.182 0.350 141.897 1.242 1.173 1.235 3.036 0.353 1.351 0.253 0.045 0.245 0.034 0.218 0.042 0.121 0.017 0.117 0.017
X30-1-4 TR B35 il AR 3 836.605 21.434 975685 4.455 1.494 1.618 2.051 98.019 2.400 5.859 3.111 9.248 1.088 4.192 0.861 0.151 0.753 0.086 0.526 0.103 0.286 0.040 0.258 0.039
J2-1-1 A=A B3 i W5 R 182.408 75.476 3361.260 2.242 0.607 0.319 5.076 121.080 5.200 2.669 7.155 17.909 2.336 8.713 1.442 0.218 1.319 0.177 1.101 0.213 0.568 0.074 0.472 0.066
J2-1-2 Sy B35 4l AR 656.939 18.144 325.013 2.325 0.887 0.655 5.160 177.041 0.886 5.318 1.742 3.226 0.339 1.171 0.198 0.038 0.342 0.025 0.146 0.031 0.081 0.011 0.078 0.012
X35-1-1 TR ety i R 12.644 248.502 326.693 4.364 1.294 0.158 1.504 23.079 19.223 0.086 0.993 0.866 0.432 2.396 0.885 0.244 1.316 0.277 1.968 0.472 1.346 0.164 0.881 0.136
X35-1-2 A=A SR Ve Rk 3814819 86.809 1590.628 3.136 0.943 0.546 4.324 71.326 4.227 1.172 9.539 21.066 2.428 9.187 1.634 0.357 1.483 0.171 0.825 0.148 0.359 0.043 0.246 0.035
J13-1-2 A=A SR i IR 31267753 39.558 303.584 2.816 0.571 0.295 2.765 218.730 16.004 6.619 16.143 30.625 3.023 10.886 2.074 0.464 2.989 0.349 2.317 0.517 1.567 0.217 1.463 0.238
JI13-1-3 Sy a) e Y5 4l i 9K 2131.043 79.872 278.163 2.543 0.513 0.263 2.599 180.257 14.599 4.225 12.936 26.737 2.756 10.153 2.004 0.452 2.541 0.326 2.319 0.527 1.626 0.238 1.590 0.256
JI13-1-4 Sy a) e Y5 gl W55 RN 1260.038 44.219 554.898 2.822 4.357 0.918 41.280 186.999 17.481 34.117 15.816 30.393 3.053 11.346 2.226 0.511 3.464 0.381 2.705 0.599 1.848 0.272 1.850 0.295
JI13-1-5 Sy 2] e Y5 Yl i 59K 768.991 93.037 738.851 2.264 0.993 0.538 9.035 215.013 16.585 7.784 15.109 31.453 3.392 12.703 2.686 0.624 3.199 0.402 2.751 0.602 1.850 0.266 1.785 0.289
Co7-1 HZ=A e Y5 HAR R 654.762 104.159 2416.896 4.999 3.242 4.778 6.545 100.702 1.793 4.861 2.545 5.166 0.571 2.157 0.430 0.087 0.567 0.058 0.342 0.072 0.193 0.026 0.157 0.025
C07-2 HZA e Y5 HAR R 41.863 105.888 1243.504 3.437 1.563 0.600 7.159 81.730 1.195 1.593 1.939 3.493 0.381 1.350 0.241 0.051 0.379 0.033 0.201 0.040 0.105 0.014 0.080 0.012
C07-3 HZA £ ARHH & RN 424.762 100.530 1486.300 2.828 0.880 0.378 4.847 82.746 1.008 4.129 1.609 3.002 0.328 1.078 0.189 0.035 0.331 0.031 0.156 0.031 0.084 0.011 0.067 0.010
C07-4 Sy SR AR FIRH 735.195 93.506 1203.761 2.611 0.607 0.233 4.294 80.711 0.820 4.327 1.381 2.446 0.252 0.915 0.153 0.035 0.286 0.024 0.132 0.026 0.072 0.009 0.051 0.008
C07-5 Sy B35 L Rt 1771.703 121.259 2040.433 3.944 2.357 4.772 9.723 105.213 1.800 9.369 3.163 6.186 0.662 2.390 0.473 0.086 0.653 0.052 0.325 0.064 0.177 0.023 0.149 0.021
C07-6 Sy B35 bl RN 1917.654 103.413 1194318 2.729 0.819 0.791 5.932 98.126 1.515 14.894 2.158 4.285 0.456 1.649 0.314 0.069 0.585 0.044 0.267 0.053 0.147 0.020 0.125 0.018
Cl2-1 A=A SR ML FRt 68.895 67.801 759.240 2277 0.357 0.113 3.174 104.248 0.537 0.617 1.102 2.052 0.193 0.713 0.109 0.022 0.204 0.013 0.085 0.018 0.046 0.006 0.037 0.005
Cl12-2 Hz=A SR ML FRE 69.928 85.663 588.988 1.991 0.443 0.189 11.606 74.268 0.581 0.801 1.053 1.710 0.166 0.558 0.098 0.021 0.172 0.013 0.090 0.018 0.048 0.006 0.035 0.005
Cl12-3 A=A SR ML FRt 73.557 97.144 646.253 1.931 0.349 0.084 2.717 58.909 0.744 0.959 1.316 1.995 0.183 0.658 0.102 0.023 0.199 0.016 0.100 0.021 0.059 0.007 0.045 0.006
Cl2-4 Sy a) e Y5 HLA W55 R 79.126 68.770 1464.928 2.024 0.412 0.099 2.760 87.060 0.688 0.513 1.075 1.959 0.196 0.676 0.130 0.026 0.169 0.017 0.116 0.023 0.061 0.008 0.045 0.007
Cl12-5 Sy a) e Y5 ] W55 R 425.349 210.659 4258.032 5.227 3.296 8.695 28.923 60.088 1.295 3.540 1.772 4.887 0.412 1.661 0.308 0.073 0.377 0.040 0.239 0.052 0.123 0.016 0.106 0.014
Cl2-6 Sy 2] e 5 ] g5 RN 105.184 76.754 1 082.675 2.000 0.686 0.111 4351 56.239 0.679 1.638 0.944 1.933 0.198 0.676 0.142 0.030 0.194 0.018 0.110 0.025 0.067 0.008 0.054 0.008
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C15-2 Ji kA &t/ L W55t 0.623 44.123 544.042 3.280 0.422 0.150 0.590 445.057 0.035 0.949 1.947 3.428 0.310 0.859 0.051 0.918 0.132 0.002 0.005 0.001 0.003 0.000 0.001 0.000
C15-3 JifeE K44 it LS EEY o 15.237 59.485 1691.713 1753 1.449 0138 7.326 206.355 2.741 0.463 1.498 4.292 0.607 2.558 0.573 0.106 0.531 0.082 0.528 0.097 0.268 0.033 0.221 0.036
Cl15-4 HZ=A £ B RN 231.302 67.323 646.773 3.402 2.204 2160 18.216 153.649 1.979 2.295 1.971 3.948 0.457 1.773 0.393 0.077 0.436 0.054 0.358 0.077 0.214 0.028 0.173 0.024

Ci5-5 HZA £ i R 1015.077 72.058 1271.933 2.110 1.168 0.729 9.552 120.783 0.924 3.696 1.300 2.620 0.291 1.041 0.201 0.044 0.269 0.024 0.155 0.034 0.086 0.013 0.081 0.013
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2= [HE: JETF LA-ICP-MS P A BRER £ P BH A% 2 6 s i R 2%

P, R Fed vk, Mn2 A 7212358601, 3 JLE IR BRI ) 84 ANBRIR $his +F
) Fe, Mn &8 LR IR GSREENE 45 R, DAE BAGK 7 =0 8 T BRIR #h 6 R i I Fe,
Mn & ESHAMKRIEERIRR, F26 T ZH A RKAR. W In R BRER T Y5 %
RICTRAT —5E M5, JoHAZ Sm3 . Dy**. Tb¥ . Bu*/Eu’*%m K, RFEEAIBCHRIR T
Y ok vh IS 5 B HE N DGR N RO I BE 7, SmP R R (LR AL (1 R O, Th3*
KRGS, Dy RFEAAGIGRE AN, B S SBL Gk, M Bu2 k6],

ARIAEREAT LA-ICP-MS U A 56X B 34T FH A & Ot 70 M, LA-ICP-MS s £ (i)t
B TR E LA-ICP-MS WAl ARSI SOt R #T &S, el
PRI E ) LA-ICP-MS R s o 76 3R EUAE R I A 35 At B, 38 3 W8 40 W S Rk
SBRIRERE T IR GHREE, o S AN, ARIARKRIEA . ISR ICH . F9RIGA.
RS RR K IGH . A AR, WEE TR MM L LR E & & Fe/Mn AT T
RN ERTTZESH (ANOVA) 646511 Tukey 052 B 2 A K608 CTukey's HSD) 66671, K3
Mn. Fe. Ce. Pr. Nd. Sm. Eu. Gd. Tb JuZ fl Fe/Mn 1B ] 4 2 [A] (IS5 M8 A7 A 2 35 1 22
F (p<0.05) . EAEERE, AROGHAEZAITTR (Mo, Fe. Ce. Pr. Nd. Sm. Eu.
Gd. Tb) # Fe/Mn Al 3 B il 5 H AL B3 2 57, R RICAAEX TG 14 &
1 Fe/Mn HAE 5 HABAAFAERCRZ 57, Ui DX 25703 LA S Fe/Mn FLAENS T-BRIR 56074

FAR SO A AR IR (R 2) .

*2 WEARNHLTRENEER Fo/Mn #) ANOVA FitRIIRIR
Table 2 Analysis of variation (ANOVA) Test Results for Trace Elements, REEs, and Fe/Mn Contents

{8 TR A Fe/Mn
GritRaaes
Al Mn Fe Co Ni Cu Zn Sr Ba Fe/Mn
F-value 0.814 7 57139 | 11.4506 | 1.4470-1 0.5953 | 0.9855 | 0.9687 | 1.5299 | 0.7261 | 4.4245
p-value 0.521 6 0.000 7 0 02318 | 0.6676 | 0.4237 | 0.4326 | 02072 | 0.5781 | 0.003 7
Wit e +Y
Gttt sEts
La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu
F-value 0.8529 3.5505 52929 57131 | 54377 | 3.7606 | 2.7971 | 3.1100 | 1.8304 | 1.683 1 1.1537 | 0.7665 | 0.5487 | 0.4415 | 0.4462
p-value 0.498 4 0.0123 0.001 2 0.0007 | 0.0010 [ 0.0092 | 0.0353 | 0.0228 | 0.1370 | 0.1679 | 03420 | 0.5519 [ 0.7008 | 0.7780 | 0.7747

ME TR LT R & & & Fe/Mn HERAHRERER T ARHZ AESE TR S E L
25, W LLRIMAS K G Mn. Fe. La. Ce. Prv Nd. Sm. Eu. Gd. Tb & & &EIIH
Wik R, BB REEER, #—B3HKF T ANOVA Hl Tukey's HSD #4615 Hi )
it BERERENIGE, Mn GRS ERHTHINEHBEE (BT AKMA) , Fe. Sr.
La. Ce. Pr. Nd TeER & &K Fe/Mn WEBHA TRERER: BN, SRR IGHR
#i 1763 i LREE % HREE & & 70 AiiZ#i S rh, 198 A& 6 4 # £ 703% i LREE % HREE



E BT E W 4% H. MREE £ HREE (Tb~Luw) & &7Fs (K 5) .

s
i, ppm

107

Al Mn Fe Co Ni Cu Zn Sr Ba FeMn La Ce Pr Nd Sm Eu Gd Th Dy Y Ho Er Tm Yb Lu

e

K5 AFRRICHRIMERTCER M+ TR AR ELNFe/Mn K]

Fig.5 Box plot of Trace element and REE contents, and Fe/Mn across different luminescence groups

MAR 73 4% e R A BC 70 B K T LR B, AROGZ (Fe>10 000x10-6) g 73
L H WIS MREE 4R/ “IBRISSH” , misE 064l LREE H BB K M, A% MREE
HREE 5™ &, HI5R6H. 55K CHEFREICHM L0 RE 7 R BOATH, RNRGA
(Mn<40x10°) #i-LoeE AL MR SRS AOEA . 55 R AR R AL, K P (E
6) .

e AU 57 2B RAE BRI H1 Feo Mn &8 5 RGO RE S
FIRURIL, AR IR SRR 5 e R & R BERUT, H P BRIR b A RO 1 T A
Hid & Fe &8 (Fe>10 000x10°) AIEAKE Mn &8 (Mn<40x109) %, RIgAIG4L.
§9RGHRIF SR AR B2 ER XIS, Wik—B 3 BRI R4 53R BA M RbA
hEMITREREE, AGXG (B « ATHRREA RS, E35ZREH T 2 ML
o R GOFRIENL. RN BENLARMARN R T Sk ilkss ko4l 55806
ARG T B REAT 02K, (HIX e REVE IR SR & — L JEAN R B W AL
R ISR, LA 5 A 43 0 T R R AR AR T R AT R4 AL EEI6S0), TR
Jl— AT LB RHE S BT RIS A S8 I BAEREAN 46280555 5 Fe/Mn. Fe fil Mn
R K, IR MENR LR EAE NS SHE Mn & B2 28 2 B UREF
AR 55 K e S RCA R RS T (R D, BEIITE A = B EREE R e—rb R OeHT,
HRIFR R Z MR T R ARG L e R IL R, e 5 Fe/Mn HAEA Fe & &AHLL, HE—
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Fig.8 Classification of the extremely weak, weak, and moderate luminescence groups based on linear

discrimifiant analysis
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Fig.9 Comparison of REE distribution patterns between different luminescence groups and seawater/porewater

REE distribution from, the’oxidation to methane zones
(a) PAAS-normalized REE distribution patterns of seawatémnand perewater from the oxic zone to the methane zonel”!; (b) diagram of

REE+Y PAAS-normalized distribution patternsifor different non-luminescent groups (mean values)
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Factors Influencing Cathodoluminescence in Carbonate
Minerals: A Case Study from the Lower and Middle
Ordovician of the Southern Margin of the Ordos Basin

LI Yang'?, LI XiaoGuang', CHEN Chang!, DAI ZongYang?, ZHAO XiaoYang?®, Gao
Yang?

1. PetroChina Liaohe Oilfield Company, Panjin, Liaoning 124010, China

2. School of Geoscience and Technology, Southwest Petroleum University, Chengdu 610500, China

3. Key Laboratory of Deep Oil and Gas, China University of Petroleum (East China), Qingdao, Shandong 266580, China

Abstract: [Objective] The cathodoluminescence (CL) characteristics of carbonate minerals are closely related to
their trace and rare earth element (REE) contents. Existing studies primarily focus on the effects of trace elements
Mn and Fe on CL, often neglecting the role of REEs. This study aims to investigate the influence of trace and rare
earth elements on the CL characteristics of carbonate miinerals, thereby providing geological evidence for inferring
mineral genesis, depositional environments, and <diagenetic processes. [Methods] CL and laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS) were used to test carbonate rock samples from the
Lower and Middle Ordovician on the southern margin of the Ordos Basin. Statistical methods and classification
algorithms were applied to analyze/the test data, and common REE indicators were used to evaluate the properties
of diagenetic fluids. [Results]-The study reveals that matrix dolomite exhibits weak to moderate red luminescence
under CL, with both zoned and uniform luminescence. Dolomite cements, with high Mn and Fe contents, are often
zoned or non-luminescent. Analysis of variance (ANOVA) and Tukey's Honestly Significant Difference (HSD)
post-hoc tests indicate that Mn, Fe, La, Ce, Pr, Nd, Sm, Eu, Gd, and Tb contents, and the Fe/Mn value significantly
influence the CL of carbonate minerals. Non-luminescent and strongly luminescent groups are relatively easy to
distinguish: non-luminescent minerals have Fe contents greater than 10,000x10 or Mn contents less than 40x107°.
Additionally, the non-luminescent group with Fe contents over 10,000x10° displays REE distribution patterns
enriched in Middle Rare Earth Elements (MREE), whereas the strongly luminescent group shows Light Rare Earth
Elements (LREE) depletion and low Fe/Mn values. Using comprehensive dimensionality-reduced parameters of
trace elements and REEs, in conjunction with Mn content, effectively distinguishes the extremely weakly
luminescent, weakly luminescent, and moderately luminescent groups. The nature of diagenetic fluids during
diagenesis impacts carbonate sediment composition, mineral content, and trace element and REE variations,
directly influencing carbonate mineral CL. [Conclusion] By combining in situ trace element testing with various

data processing methods, this study provides a more quantitative understanding of the impact of trace element and
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REE contents on CL intensity. These findings offer valuable insights for scholars studying the factors affecting CL.

Key words: carbonate minerals; cathodoluminescence; LA-ICP-MS; diagenetic stages; Ordovician
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