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Abstract The study focuses on the burnt rocks of the 2° and 3' sections of the Yan’ an Formation in

Zhangjiamao Coalfield, Northern Shaanxi, and analyzes their geochemical migration patterns and metamorphic
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mineral facies characteristics. The results indicate that the burnt rocks in this area are low alkaline silicoalumi-
nal metamorphic rocks, with uneven distribution of calcium and alkali horizontally. A small number of burnt
rock samples have high loss on ignition and high CaO content, with Fe elements migrate and accumulate. Zr
has better compatibility than Hf, and the enrichment of Ba element may be related to later hydrological proces-
ses. The trend line of rare earth element distribution is little L-REE enrichment, and the effect of burning on
the distribution of rare earth elements is relatively limited. The primary minerals in burnt rocks often exhibit
ablative characteristics, with the development of ablative edges and pore structures under the microscope.
Newly formed minerals form aggregates and fill mineral spaces or fractures. The mineral facies combination is
similar to the diorite facies that undergoes high thermal metamorphism during thermal contact metamorphism,
but the metamorphic pressure is lower and the temperature is higher. The burnt rock layers can be divided
from bottom to top into a combination of thin plate-like burnt rock, burmnt lava, thick plate-like burnt rock,
and thick layered burnt rock. tridymite + cristobalite content can better characterize the burning degreecom-
pared to mullite + cordierite + hematite content. The degree of burning in the lower part of the same layer burnt
rock is higher than that in the upper part, and the burning degree of plate-like burnt rock in the upper part of
the burnt lava is higher than that in the lower part. The burnt rocks in the research area have the "hidden"
characteristic and have the same sedimentary period burnt effect. Except for the burnt rock layers exposed in
the valley terrace, some of the burnt rock layers are buried under the Pleistocene strata and residual yan’ an
Formation strata. The early formation of burnt rock layers was later destroyed, and multiple stages of burnt
rock layers overlapped to form the current burnt area.

Keywords burnt rock; Zhangjiamao minefield; geochemistry; metamorphic mineral facies; thermal contact

metamorphism; diorite facies
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Overview of Zhangjiamao coalfield burning area in Shenmu, Northern Shaanxi
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Tab.1 Sampling wells and lithology classification
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Tab.2 Chemical analysis results of major elements
e . AR R %
Si0,  Ti0, ALO, TFe,0, MnO MgO Ca0 Na,0 K,0  P,0, Lol ik
X93 71.82 0.37 1.48 0.51 0.95 0.74 128 0.10 0.13  0.02  10.69 Jg
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X9-14 72.23 1.04 17.25 3.04 0.03 0.97 0.51 0.93 270  0.25  0.95 JRikpekss
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X204 61.98 0.8 17.61 7.61 0.17 2.15 556 0.95 239  0.15  0.34 poikisgs
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Fig.3 Relationship between main elements of burnt rock
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Tab.3 Chemical analysis results of trace elements & rare earth elements 71070
&ZF X10-1 X102 X103 X20-0 X204 X209 X20-11 X933  X9-6  X9-14 X9-17  X9-18
L 71.6 5.2 47.0  29.4  23.6 24.8 215 9.9 18.2 13.3 167  36.2
Be 2.2 2.0 4.0 2.1 2.6 1.8 2.0 0.7 5.4 2.4 3.1 2.2
Sc  16.4 8.2 20.4 12,5 159 1.5  11.3 1.7 20.6 12.8  16.1 13.7
Vo 1150 59.4 139.5 62.8 119.6 77.0 877  27.3 131.5 1045 125.2 101.8
Cr 108.5 940 117.4 73.3 90.8  70.4  68.8 12.2 122.9 954  97.0  260.4
Co 8.1 1723 139.4 78.0 83.0 37.1 683 112.2 150.4 127.6 99.5  33.2
Ni  54.1 13.2 51.3  39.2 481 331 324 11.4 227 37.0 329 243
Cu  36.7 5.5 28.3  21.3 6.1 23.2  34.3 3.8 4.0 159  21.8  27.9
Zn  193.3 249 116.8 727 929 5.7  74.5 7.8 160.5 852 1.6  95.6
Ga  29.1 18.1 28.8 16.2 23.4 152  16.4 2.1 209 199 2.6 213
Ge 1.0 0.4 0.7 0.7 1.1 1.0 0.9 1.9 3.0 0.7 1.1 0.8
Rb  100.3 28.7 104.6 98.0 113.7 76.6  63.1 4.2 2121 90.5  93.3  94.7
St 954 229 72,3 161.1 198.5 1853 160.8 942  89.9  87.4 1446 280.5
Y  30.7 6.4 34.7 263 255 238 220 123 100.8 28.2  32.8  29.9
Zr 1487 292.0 168.3 234.8 227.3 157.4 251.3 123.0 351.5 539.1 247.0 250.3
Nb 180 1.5 17.0  13.8 17.9  12.4  12.5 6.8 19.0 18.6 14.4 156
Cs 4.5 5.7 6.9 5.8 7.7 4.7 2.8 0.2 21.5 2.5 6.6 5.4
Ba 690.1 164.4 608.6 548.0 707.5 453.0 560.1 290.9 774.4 654.3 590.8 502.8
La  50.0 7.7 60.5 32.1 431  31.4 342 1.8 322.1 59.7 557  37.1
Ce 100.2 19.2 1253 643 921 59.1  67.3 19.0 701..2 121.8 108.9 74.8
Pr  10.8 1.5 13.3 7.3 9.5 7.0 7.6 1.9 78.8  13.5  12.0 8.8
Nd  41.2 5.6 50.9  28.7 36.0 27.0  29.0 7.0 292.8 51.5 45.6  34.6
Sm 7.5 1.1 9.4 5.6 6.6 5.0 5.3 1.3 50.0 9.2 8.3 7.1
Eu 1.5 0.2 1.8 1.1 1.3 1.0 1.1 0. 10.0 1.8 1.8 1.4
Gd 6.5 1.0 8.1 5.0 5.6 4.5 4.6 1.4 40.1 7.5 7.3 6.2
™ 0.9 0.1 1.1 0.8 0.8 0.7 0.7 0.2 5.3 1.0 1.0 0.9
Dy 5.4 0.9 6.4 4.6 4.4 3.9 3. 1.3 25.1 5.6 5.6 5.4
Ho 1.1 0.2 1.2 0.9 0.9 0.8 0.8 0.3 4.1 1.1 1.1 1.1
Er 3.0 0.6 3.5 2.6 2.5 ) 2 0.8 10.0 2.9 3.1 3.0
Tm 0.4 0.1 0.5 0.4 0.4 0.3 0.3 0.1 1.3 0.4 0.5 0.5
Yb 2.8 0.7 3.3 2.6 2.5 2.2 2.1 0.8 7.5 2.7 2.9 2.9
Lu 0.4 0.1 0.5 0.4 0.4 0.3 0.3 0.1 1.0 0.4 0.4 0.4
Hf 4.2 7.3 4.6 6.1 5.9 4.0 6.2 2.9 9.0 13. 4 6.2 6.5
Ta 1.3 1.2 1.4 1.2 1.4 0.9 1.0 0.8 1.7 1.6 1.1 1.2
Pb  34.7 8.2 5.4 5.5 11.7 3.4 8.5 1.3 44.0  10.0 1.1 19.6
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gk 3 BT 1070
ZF X10-1 X102 X103 X200 X204 X209 X20-11 X9-3 X9-6 X9-14  X9-17  X9-18

Th 15.0 7.4 15.4 11.0 12. 4 8.5 8.5 1.7 14.8 12.7 13.4 11.3
U 3.1 1.7 4.2 2.1 2.9 2.1 2.1 0.8 3.7 2.9 4.6 3.7

La  50.02 7.72 60.54 32.15 43.10 31.43 34.20 11.8 322.0 59.74 55.67 37.14
Ce 100. 2 19.1 125.2  64.34 92.06 59.10 67.34 19.1 701.2  121.8 108.8  74.82
Pr 10. 84 1.54 13.34 7.30 9.52 6.97 7.57 1.90 78.81 13.49 12.04 8.81
Nd  41.16 5.63 50.91  28.73  36.02 27.01  29.02 7.04 292.7 51.49 45.64  34.57
Sm 7.45 1. 06 9.43 5. 64 6. 63 5.04 5.34 1.26 50. 03 9.20 8.34 7.06

Eu 1.51 0.19 1.76 1.14 1.34 1.04 1.11 0.27 10. 05 1.77 1.77 1. 41

Gd 6.52 0.97 8. 15 5.03 5.63 4.52 4. 60 1.36 40.13 7.54 7.26 6.18
Th 0.95 0.14 1. 14 0.76 0.79 0. 66 0. 66 0.21 5.27 1.02 1. 00 0.93
Dy 5.44 0. 87 6.40 4.55 4.45 3.88 3.82 1.32 25.07 5.63 5. 64 5.40
Ho 1. 06 0.19 1.23 0.92 0.88 0.78 0.75 0.29 4.13 1. 06 1.11 1. 06
Er 2.96 0.61 3.46 2.65 2.48 2.20 2.16 0.85 10. 02 2.91 3.11 2.97
Tm 0.43 0.10 0.51 0.40 0.38 0.33 0.33 0.12 1.31 0.43 0.45 0.45
Yb 2.79 0.72 3.30 2.62 2.47 2.16 2.13 0.79 7.52 2.74 2.88 2.94
Lu 0. 41 0.12 0.49 0.39 0.36 0.32 0.32 0.13 0.96 0.40 0.43 0.43

Y 30. 68 6.40 34.68 26.29 25.45 23.82 22.02 12.3 100.8  28.23  32.79  29.85
SREE 262.4 45.3 320.5 182.9 231.5 169.2 181.3 58.6 1650 307.4  286.9 214.0
LREE 211.2 35.2 261.2  139.3 188.6 130.5 144.5 41.3 1454 257.5 232.3  163.8
HREE 51.25 10.1 59.35 43.61 42.89 38.67 36.78 17.3 195.2  49.96  54.66  50.22
L/Hge 4,12 3.49 4.40 3.19 4.40 3.38 3.93 2.38 7.45 5.15 4.25 3.26

SE
B 0.98 0.84 0.91 0.97 0.99 0.99 1.01 0.93 1.01 0.96 1.02 0.96
(uce)
8Ce
1.05 1.35 1.07 1.02 1.10 0.97 1.02 0.97 1.07 1. 04 1.02 1. 00
(uce)
SEu
cen 0. 65 0.56 0. 60 0. 64 0. 66 0. 65 0. 67 0.63 0. 66 0.63 0. 68 0. 64
8Ce
(cn 0.99 1.26 1.02 0.97 1.05 0.92 0.97 0. 88 1.03 0.99 0.97 0.96

TE ik AP AL R SRRl 3 )2 e R S A A 2R

XA i as FHBRRL B AT (CD) R AL G R B A5 W R AR AN W18, 3 20 b8 28 2 A (AN X9-6
(HES5(a) ), F bk P2 6Eu <0.7(ILF 4) ,6Eu  X9-16 X20-11) L 5 B T IE 529, be 28 b
NS, RIZA BB Eu STTR I BR X209 Z4b,6Ce BRBUIE S, 1 J5Ua B Al
ARERMAAN K, 8Ce S RAE AN AN R s (HAE R SA 05w .

EHu5E (UCC) )8 A bn L P (LI 5 (b) ), 6Eu
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