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Fig.1 Geological and tectonic sketch of the Nubian shield (a) and geological map of the study area (b)
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Table 1 The information of samples collected in the field

P EHES % fanis B R
R THIFR DI21-2 21° 21'20.32"N 34° 31'50.76"E FRORDRE IE R A B A
Bt ~100 m? D164-2 21° 22'21.85"N 34° 36'38.76"E
FRARLAE Bt ~20 m? D173-1 21° 23'27.12"N
34° 41'4537"E IR K AE B A it ~500 m? D176
21° 25'36.25"N 34° 39'15.89"E v 2 A A ) Wil ~40 m?
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Fig.2 The representative samples of the Neo—proterozoic
A-type granites in Red Sea State, Sudan
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Table 2 LA-ICP-MS zircon U-Pb isotopic analyses of the granites in Red Sea State

o Th U THU R 037 2% U AE Ay /Ma

.- (x10%)  (x10°) 207pp/35Y lo 206pp238Yy lo  2PbPBU 1o 2PbPBU 1o
DI121-2-01 255 1096 023 1.0109  0.0293  0.1149  0.0013 709 14.8 701 7.4
DI121-2-02 258 1115 023 1.0245 00314 0.1147  0.0012 716 15.8 700 7.0
DI121-2-03 193 837  0.23 10156  0.0310 0.1174  0.001 4 712 15.6 716 8.1
DI21-2-04 169 943  0.18 10511  0.0284 0.1166  0.0015 729 14.1 711 8.7
DI21-2-05 235 1057 022 1.0249 00258  0.1175  0.0012 716 13.0 716 6.7
DI21-2-06 203 865  0.23 1.0072  0.0261 0.1178  0.0012 707 13.2 718 6.8
DI121-2-07 130 591 022 1.0599  0.0314 0.1178  0.0013 734 155 718 7.5
DI121-2-08 219 990  0.22 1.0079  0.0328  0.1150  0.0015 708 16.6 702 8.5
D121-2-09 201 912 0.22 1.0805 00443  0.1162  0.0017 744 21.6 708 9.6
DI21-2-10 136 718  0.19 1.0935 00467 0.1147  0.001 6 750 22.7 700 9.2
DI21-2-11 114 706  0.16 1.0913 00346  0.1180  0.0015 749 16.8 719 8.6
DI21-2-12 473 213 022 1.1583  0.0487  0.1178  0.0019 781 22.9 718 10.8
DI21-2-13 103 604  0.17 1.1180  0.0383  0.1180  0.0017 762 18.4 719 9.7
DI21-2-14 140 736 0.19 1.1547  0.0400  0.1184  0.0015 779 18.9 721 8.7
DI121-2-15 159 845  0.19 1.1186  0.0402  0.1184  0.0017 762 19.3 721 9.6
DI21-2-16 202 912 022 12454 00461 0.1181  0.0016 821 20.9 719 9.1
DI21-2-17 205 1007 0.20 1.1221  0.0410 0.1232  0.0017 764 19.6 749 9.6
DI21-2-18 135 724  0.19 11340  0.0430  0.1169  0.0020 770 20.4 712 11.6
DI21-2-19 156 740  0.21 10641  0.0363 0.1173  0.0017 736 17.9 715 9.6
DI21-2-20 140 789  0.18 11687  0.0382  0.1228  0.001 6 786 17.9 747 9.5
DI21-2-21 245 1062 023 11167 0.0344  0.1183  0.0015 761 16.5 721 8.7
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Fig.3 Cathodoluminescence (CL) images of selected zircons and Zircons U-Pb concordia diagram
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Table 3 Geochemical compositions of the A-type granites in Red Sea State

5 DI121-2 D173-1 D176 D164-2 5 DI121-2 D173-1 D176 D164-2
Fanis IERAER A BRI S WMEAAKS RS Ak IERAERE IERAER A BKERS ek
Sio, 72.05 70.8 76.6 77.83 Ba 531 307 168 224
TiO, 0.305 0.756 0.088 0.07 La 23.1 18.4 13.9 7.48
AlLO, 13.72 12.88 12.7 12.34 Ce 59.7 50.7 38 20.8
Fe,0, 2.52 1.39 0.262 0.501 Pr 7.43 7.33 3.83 3.09
FeO 0.515 2.69 0.991 0.627 Nd 31.6 29.9 12.4 12.1
MnO 0.041 0.066 0.02 0.019 Sm 6.88 6.27 227 3.54
MgO 0.379 1.22 0.081 0.047 Eu 0.68 1.1 0.22 0.35
Ca0 1.42 2.58 0.271 0.699 Gd 5.99 5.24 2.17 3.18
Na,O 4.08 3.34 3.41 4.1 Tb 1.1 0.86 0.36 0.72
K,O 4.6 3.19 5.27 3.62 Dy 6.9 5.14 2.36 5.2
P,0, 0.051 0.154 0.016 0.016 Ho 1.46 1.02 0.52 1.15
FeO! 2.78 3.94 1.23 1.08 Er 4.06 2.72 1.62 3.41
FeO'/MgO 7.34 3.23 15.15 22.93 Tm 0.68 0.43 0.3 0.63
FeOY
(FeOMgO) 0.88 0.76 0.94 0.96 Yb 451 2.84 2.24 436
A/CNK 0.96 0.94 1.08 1.03 Lu 0.63 0.4 0.34 0.64
A/NK 1.17 1.44 1.12 1.16 Hf 9.66 8.18 3.58 6.55
Sc 8.54 11 5.98 8.37 Ta 0.76 0.49 0.69 0.77
Cr 10.5 334 22 33 Pb 10 6.7 11.3 7.67
Co 2.89 8.42 0.81 0.42 Th 6.07 4.09 7.81 2.75
Ni 3.28 12.5 3.74 0.32 6] 4.54 1.94 3.73 3.9
Zn 30 36.2 2.8 38.2 3Eu 0.32 0.57 0.30 0.31
Ga 19.2 14.4 13.1 15.9 SREE 154.72 132.35 80.53 66.65
Rb 51.6 458 52.1 36.2 LREE/HREE 5.11 6.10 7.13 2.46
Sr 141 214 22 459 10*xGa/Al 2.64 2.11 1.95 243
Y 35.1 25.8 14.2 28.1 Y/Nb 3.71 4.07 2.85 7.72
Zr 303 338 64.1 103 Ce/Nb 6.32 8.00 7.62 5.71
Nb 9.45 6.34 4.99 3.64 Yb/Ta 5.93 5.80 3.25 5.66
Cs 0.4 0.9 0.71 0.37 Zr+Nb+Ce+Y  407.25 420.84 121.29 155.54

T FRICR N R % R TCR YA 1075 DL ERTE B ARSI D R 7 B U5 e B A ] v Co A I 576 1
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Fig.5 Chondrite—normalized REE patterns (a) and the Chondrite—normalized multi-element diagram of

the A-type granites in Red Sea State (b)
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Table 4 Sr—Nd isotopes of the granites in Red Sea State

FEi S SRb/*Sr $7Sr/5Sr (Sr/Sr),  YSm/"Nd  Nd/“Nd g () T,,,/Ga  Sm/Nd fong
DI121-2 1.06 0.717 19 0.706 4 0.13 0.512 692 7.00 0.85 0.22 -0.33
T DA St o vl A s 3 i e 55 7 0 ] 5 T S 6 2 1) 3 T L 8 S (TIMES ) S
R5 BALBMNERENTEE HI R RAR
Table 5 Zircon Hf isotopes of the granites in Red Sea State
45 (D176) '"Hf/'"Hf 20 'Y b/ THE 20 SLu/HE 20 eHf(t) T, /Ga T,,/Ga  f .
1 0.282 607  0.000 036  0.034 144  0.000 820  0.001 323  0.000 031 7 9.3 0.92 1.04 -0.96
2 0.282 532 0.000 040  0.022 881 0.000218  0.000916  0.000 008 8 6.8 1.02 1.20 -0.97
3 0.282583  0.000042  0.029 975  0.000 167  0.001 181 0.0000060 8.5 0.95 1.09 -0.96
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Review of research progress on quality assessment methods
of 3D geological models

WANG Yuan-hao', GAO Zhen-ji*’, SONG Yue’

(1.Chinese Academy of Geological Sciences, Beijing 100037,China; 2.Command Center of Natural Resources
Comprehensive Survey, China Geological Survey, Beijing 100055,China)

Abstract: Three-dimensional geological model plays an important role in geological prospecting and resource
evaluation, and its quality determines the application potential and effect of the model. This paper reviews the
research progress of 3D geological model quality evaluation at home and abroad, and systematically expounds
the factors that affect the quality of 3D geological model, including the complexity of modeling geological
objects, the accuracy and quality of modeling data sources, the methods of 3D geological modeling, and the
expert knowledge of modeling personnel. At the same time, the paper analyzes the principle, advantages and
disadvantages of the main methods of quality evaluation of 3D geological models, and holds that the quality
evaluation of 3D geological models has gradually entered the era of quantitative evaluation from qualitative
evaluation. Finally, this paper summarizes the problems existing in the research of 3D geological model quality
assessment methods, and discusses its future development trend.

Key words: 3D geological model; model uncertainty; model quality; evaluation methods; influencing factors

Geochemical characteristics and tectonic implications of the Neopro-
terozoic A—type granites in Red Sea State, Sudan

ZHOU Zuo-min"?, LI Yong’, LIU Xiao-yang”, WU Xing-yuan"’

(1.Tianjin Center, China Geological Survey, Tianjin 300170, China; 2. Mining institute of Southern Afftica,
China Geological Survey, Tianjin 300170, China; 3. Wuhan Center, China Geological Survey, Wuhan 430205, China)

Abstract: The Red Sea State of Sudan is located in the Nubian shield. A series of Neoproterozoic granites are
identified in the Red Sea State, which consist of medium-coarse- and medium-fine-grained syenogranites and
middle-fine-grained alkli feldspar granites. Zircon U-Pb dating implies the granites are intruded in 713 +4 Ma,
which are formed in Pan-African orogenic event. They show high SiO, contents (70.80% ~ 77.83%). They are
metaluminous or weak peraluminous with A/CNK ratios of 0.94 ~ 1.08 and A/NK ratios of 1.12 ~ 1.44. They
show the similar Chondrite-normalized REE and multi-trace elements patterns. The REE patterns are right-
inclined with REE medium differentiations of LREE/HREE ratios of 2.46 ~ 7.13 and display “V” shaped curve
and medium to strong Eu anomaly with dEu values of 0.30 ~0.57. The granites are characterized by the
enrichment of large ion lithophile elements (LILEs) such as Th, U, K and high field-strength elements (HFSEs)
such as Zr, Hf and by the depleted Nb, Ta, Sr, P and Ti contents. They show low I, ratios, depleted &.,(?), &,{(?)
values and the similar T, and T, values. The granites chemically show A,-type affinity. We propose that the
713 Ma A-type magmatism might be driven by upwelling of asthenosphere and subsequent partial melts of
juvenile crust of Nubian shield on conditions of obvious Heating and decompression in a back-arc extensional
setting.

Key words: Red Sea State in Sudan; Nubian shield; Neoproterozoic; A-type granite; juvenile crust; back-arc
extensional setting
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