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Abstract: This paper is the result of mineral exploration engineering.

[Objective] Due to the relatively low research level of crystalline graphite deposits in the Aobaoshan crystalline graphite deposit—
concentrated area in Dunhuang block, the protolith restoration and paleoenvironment of this area are studied profoundly, which will
provide a geological foundation for metallogenic regularity. [Methods] The protolith of the metamorphic rocks in the Aobaoshan
crystalline graphite deposit—concentrated area is restored using the method of petrochemistry, and the paleotectonic environment of
its formation is discussed. [Results] Two—mica quartz schist, biotite plagioclase gneiss and plagioclase amphibolite are enriched in
the light rare earth elements. The plagioclase amphibolites have less K,O contents than Na,O. They are weakly depleted in Nb and
Ta, and strong depleted in Zr and Hf, and have the ratios of LREE/HREE ranging from 2.21 to 6.97, indicating the weak
fractionation degree of light and heavy rare earth elements. The biotite plagioclase gneisses and two—mica quartz schists have higher
K:O contents than Na,O. They show the enrichment in large ion lithophile elements, such as Rb and K, and the depeletion in Ba, Nb,
Ta, Zr, Hf, Ti and Sr, and obvious Eu negative anomalies. The average ratios of LREE/HREE of the biotite plagioclase gneiss and
two— mica quartz schist are 12.44 and 8.89, respectively, indicating strong differentiation of light and heavy rare earth
elements. [Conclusions] It is inferred that the protoliths of the metamorphic rocks from the Aobaoshan crystalline graphite deposit—
concentrated area were formed in shallow water area with weak hydrodynamic environment. The protoliths of the plagioclase
amphibolites in the Aobaoshan crystalline graphite deposit—concentrated area are subalkaline basic volcanic rock, and they were
formed in an island arc. The protoliths of biotite plagioclase gneisses and two—mica quartz schists are shale and clayrock, and they
were formed at active continental margins. The paleosedimentary environment was oxygen—rich interactive marine and terrestrial

deposition in dry climate zone, and the paleowater medium was brackish water.

Key words: crystalline graphite deposit—concentrated area; Dunhuang Group; metamorphic rocks; protolith restoration; Aobaoshan;
Dunhuang block; Gansu Province

Highlights: (1) The protolith of the metamorphic rocks of the Aobaoshan crystalline graphite deposit—concentrated area are restored
with methods of petrochemistry. (2) The paleotectonic environment differences of different types of metamorphic rocks of this
deposit—concentrated area are identified.
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Fig.1 Geological sketch map of the Aobanshan deposit concentrated area(after Jia Xin et al., 2020)
1—Study area; 2— Quaternary; 3—Zhulongguan Group, Changcheng System; 4—C—rock member of Archean— Paleoproterozoic Dunhuang Group;

5— B—rock member of Archean— Paleoproterozoic Dunhuang Group; 6— A— rock member of Archean— Paleoproterozoic Dunhuang Group;

7—Monzogranite; 8—Tonalite; 9—Marble; 10— Stratigraphic occurrence; 11—Measured and inferred faults; 12—Measured reverse fault; 13—Measured

normal fault; 14—Measured translational fault; 15—Graphite deposit; 16—Provincial boundaries; 17—Boundary and number of primary structural unit;

18—Boundary and number of secondary structural units; I ,—Kazakhstan plate; | ;—Tarim plate; I ,—North China plate; I s— Tarim—Qilian block;
Il s—Dunhuang block; Il ,—North Qilian Early Paleozoic fold belt; Il ,—Middle Qilian block; Il ,—South Qilian Early Paleozoic fold belt
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Fig.2 The geological sketch map of crystalline graphite deposit in the Aobanshan deposit—concentrated area
1— Quaternary alluvial proluvial; 2— The third section of C—rock member of Dunhuang Group; 3— The second section of C—rock member of
Dunhuang Group; 4— The first section of C—rock member of Dunhuang Group; 5—The third section of B—rock member of Dunhuang Group; 6— The
second section of B—rock member of Dunhuang Group; 7— The first section of B—rock member of Dunhuang Group; 8— A—rock member of
Dunhuang Group; 9— Marble; 10—Diabase porphyrite vein; 11—Monzogranite vein; 12—Granite pegmatite vein; 13—Graphite mineralized layer;
14—Measured unknown fault and number; 15—Measured reverse fault; 16—Measured normal fault; 17—Measured translational fault; 18—Sample
location and number
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Fig.3 Characteristics of fold deformation in ore—bearing strata of the Daaobaogou crystalline graphite deposit
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Fig.4 Micrographs of metamorphic rocks of the Aobaoshan crystalline graphite deposit concentrated area
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Gr—Crystalline graphite; Hbl—Hornblende; Mus—Muscovite; Pl—Plagioclase; Py—Pyrite; Q—Quartz

http://geochina.cgs.gov.cn FE LT, 2023, 50(2)



564 oL = Hb BT 2023 4f
Sl (] 14 9 X BT R
3 = NAy alE=3
16 ' (a) 0 12 ¥ (b) o Two-mica quartz schist
14 % ] o O frars
: 10 # @ Gneiss
© 12 o - 3 O RHKAINE
= ER = 81 Plagioclase amphibolite
S, 10 S 3 X
= 83 (e} £ 6% X
6 71 (@] 4 - Do
4 % X e 3 X
2t 2y
0 1 —_——, e, 0 1 —_——
40 50 60 70 80 40 50 60 70 80
Si0,/% Si0,/%
18 5 12 ;
1 (c X :
17§ © 0 wi@ @
: X ] (@]
16 8 ] (@)
X ] O = ]
o k @) X 2 ]
S 15 T o % 6 "
= m 3 Q ol
13 _ @) 2 _ X X
] ] oo
12| . ' . } . } . 0 1 . } . } r } .
40 50 60 70 80 40 50 60 70 80
Si0,/% Si0,/%
6 1 3.5 ;
] X 10 e
51 (e) ]
5 | ©
] ] X
4 ¥ - ]
N : =25 4 %
= 3 O %) ] ©
) ] X o] O
% 5 X O s 5 : %
2 T ] X
! @o L5 ; o
0 1 — 11 —
40 50 60 70 80 40 50 60 70 80
Si0,/% Si0,/%
5 2B I0E A G E i

Fig.5 The diagrams of major elements
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Table 1 Petrochemical analyses of Aobaoshan crystalline graphite deposit—concentrated area

R1ABLRRAEETERERUESNER

i s JQ-15  JQ-18 JQ-19 JQ-9 JQ-10 JQ-7 JQ-8  JQ-14 JQ-20 JQ-21
Kb T PVl AR AP AS RHE A N
X KFEE Lotk Lo Bt Bl Bl Hoeid KHE gk HEWEER
SiO, 60.78 5782 56.82 65.06 6855 4839 4867 49.28 48.07  50.79
TiO, 0.818 0.875 0.764 1.01 0916 0.692 0717 1.29 1.11 15
ALO, 16.03 1464 1678 1646 1506 13.62 12.88 13.35 1452 143
Fe.0; 0.89 0.45 1.54  1.58 093 093 084 180 1.19  1.64
FeO 7.11 75 7.04 495 4.6 1025 1012 1138 10.02  10.94
MnO 0.114 0.133 0.111 0.105 0.11 0237 0233 0224 0.176  0.181
MgO 3.44 47 3.86  1.51 1.19 1006 10.55 7.43 716  5.45
CaO 2.54 467 241 12 121 996 1024 9.92 854  7.61
Na,O 2.67 255 175 1.54 212 209 193 239 3.05 284
K.0 2.67 285 514 3.5 265 112 0993  0.659 127 1.05
P.O; 0.12 0.126 0247 0.1 0.09  0.064 0.062 0.112 0.111 0227
LOI 1.46 235 216 234 152 09 1.1 0.38 3.14 18
Total 98.65 98.66 98.62 99.01 9895 9831 9834 9822 98.36  98.33
A/CNK 135 093 131  2.02 176 060 056  0.59 0.66  0.73
A/NK 0.05 0.05  0.08  0.09 0.06 006 006 005 0.04  0.04
Rb 134 85.7 187 135 111 135 133 833 373 271
Sr 166 259 187 128 152 139 151 136 194 339
Ba 486 1337 1333 734 1023 220 209 132 318 408
Zr 76.4 311 249 779 585  6.80  6.71 11.9 146  8.07
Hf 2.55 1.09 0759 259 197 0356 0419 0.588 0.992  0.524
Th 12.9 22.1 135 173 18 0972 1.12 0431 255 288
U 227 157 174 284 269 0264 0299 0.4 0.689  0.628
Y 18.4 179 197 336 314 157 174 262 18.6 264
Nb 21.6 983 117 185 165 280 299  3.88 729 132
Ta 1.41 0.402 0505 1.23 1.07  0.182 0207 0258 0432 0.733
Cr 68.5 729 536 84 739 254 321 262 497 504
Ni 29.2 40.1 30 26.4 256 126 142 116 83.7  55.8
Co 15.8 269 243 155 148 525 538 63 487 428
Sc 183 193 173 177 157 438 503  48.1 343 323
Ga 21.7 18.1 226 209 18.8 140 134 181 196 194
La 145 60.9 65 37.9 514 408 519 522 139 287
Ce 36.5 124 114 89.4 116 9.21 11.1 115 30,6 56.9
Pr 3.73 144 134 105 133 132 155 197 378 651
Nd 16.3 51.6 509 409 533 628 717 971 16.0 283
Sm 3.47 796 778 874 108 1.89 198  2.80 3.64 552
Eu 1.20 115 149 159 173 063 0.694 123 1.18  1.58
Gd 2.56 582 599  7.19 760 183 195 324 3.15  4.86
Tb 0.493 0.887 098 1.3 130 0414 0448 0.724 0.613  0.946
Dy 3.49 441 449 681 683 232 273  4.09 3.66 493
Ho 0.703 0.672 0.687 1.23 129 052 0551 0936 0.746  0.981
Er 2.04 213 204 326 314 126 141 255 196 287
Tm 0.36 0299 0315 0.657 0581 0301 029 0446 033 0455
Yb 222 1.81 1.87  4.00 272 0947 110 231 197 285
Lu 0.346 0279 0264 0.668 0.651 0276 0297 0.386 0288 0411
La 14.5 609 65 37.9 514 408 519 522 139 287
Ce 36.5 124 114 89.4 116 9.21 11.1 11.5 306 56.9
Pr 3.73 144 134 105 133 132 155 197 3.78 651
Nd 16.3 51.6 509  40.9 533 628 717 971 160 283
Sm 3.47 796 778  8.74 108 1.89 198  2.80 3.64 552
Eu 1.20 115 149 159 173 063  0.694 1.23 1.18 158
Gd 2.56 582 599  7.19 760 183 195 324 3.15  4.86
Tb 0.493 0.887 098 123 130 0414 0448  0.724 0.613  0.946
Dy 3.49 441 449 681 683 232 273  4.09 3.66 493
Ho 0.703 0.672 0.687 1.23 129 052 0551 0936 0.746  0.981
Er 2.04 213 204 326 3.14 126 141 255 1.96 287
Tm 0.36 0299 0315 0.657 0581 0301 029 0446 033  0.455
Yb 222 1.81 187  4.00 272 0947 110 231 197 285
Lu 0.346 0279 0264 0.668 0.651 0276 0297 0.386 0.288  0.411
LREE/HREE 6.20 1594 1518 7.5 1022 298  3.15 221 543 697
Y REE 87.91 27632 26921 214.08 270.64 3128 36.46 47.11 81.82  145.81
La/Yb 3.47 796 778 874 108 189 198 280 3.64 552
Rb/Sr 0.81 033 100 105 073 0.0  0.09  0.06 0.19  0.08
Sr/Ba 0.34 0.19 014  0.17 0.15 063 072 1.03 0.61  0.83
Th/U 5.68 1408 776  6.09 6.69 3.68 375 180 370 4.59
V/Cr 2.01 200 261 1.50 123 094 085 134 559  5.79

R FERITCR AL (%) B TR A (10°) .
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Fig.6 Primitive mantle—normalized trace element patterns (a) and Chondrite—normalized REE patterns (b) of the samples from the
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ONeill, 2014)
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