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Exhumation Processes of UHP Metamorphic Belt in the Northern Qaidam and
Their Constraints to Rutile Mineralization: Evidences from Compositional
Zoning of Garnets in Yuqia and West Tieshiguan Areas
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Abstract: The ore-forming prospect of eclogite-type rutile in Yugqia is different from that in West
Tieshiguan, located in the northern Qaidam ultrahigh-pressure (UHP) metamorphic belt.

Recently, the large eclogite-type rutile ore deposit in Yuqgia is found, but only titanium
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mineralization in West Tieshiguan is found. Based on detailed field geological and microscopic
observation, the major elements were analyzed by electron probe; moreover, the in-situ trace
element contents in garnet collected from the deposits were performed by LA-ICP-MS. The
results show that the occurrences of Yuqia and West Tieshiguan eclogites are basically identical.
Yugia eclogite degenerates weakly with mineral idiomorphic granular, and garnets contain more
inclusions. Major and trace earth elements have well-developed zoning characteristic, and the
mantle and rim enrich rare earth element in garnets. Relatively, the degeneration of West
Tieshiguan eclogite is strong and mineral xenomorphic-granular. Some garnets of eclogites
contain less inclusions and the zoning of major element has been homogenized, rare earth
elements of the core and mantle are more than the side. Combining the chronology evidences,
Yugia eclogite undergoes rapid subduction and exhumation of the dynamic process. and the rutiles
barely turn into ilmenites. West Tieshiguan eclogite undergoes an evolution history with a rapid
burial and slow uplift, and the rutiles nearly turn into ilmenites, which reveal the differences
between the dynamics process and the occurrence state of rutile. These characters provide
directions for the study area to further find eclogite-type rutile deposits in the northern Qaidam
UHP metamorphic belt.

Key words: garnet; major element; trace element; rutile deposit; eclogite; UHP metamorphic
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Fig. 1 Geological Sketch Map of the Northern Qaidam UHP Metamorphic Belt
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Fig. 2 Geological Sketch Map of Yuqia-Luliangshan Area
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Fig. 3 Sketch Geological Map of Yuqia Rutile Deposit and Its Profile
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Tab.1 Analysis Results of Major Elements of Garnets
- P60GPO-|P60GPO-|P60GP0-| P60GPO-|PS0GPO-|P60GP6-[PGOGPS-[PEOGPS-|PEOGP6-|P6OGPE-| G- | G- | GJ- | GI- | GI- | GI- | GJ-
1-04 1-05 1-06 1-07 1-08 1-09 1-10 1-11 1-12 1-13 2-01 2-02 2-03 | 2-04 | 2-05 | 2-06 | 2-07
w(Si02) /% | 38.91 | 38.28 | 38.87 | 38.09 | 39.89 | 36.57 | 38.18 | 37.84 | 38.09 | 38.53 | 39.16 | 38.12 |38.68|38.91(38.05|39.0238. 42
w(Ti0) /% | 0.07 0.12 0.08 0.09 0.04 0.07 0.10 0.29 0.15 0.07 0.06 0.07 10.091]0.09[0.08]0.08|0.08
w(ALO3) /% 21.34 | 21.01 | 21.12 | 21.39 | 21.77 | 21.65 | 22.79 | 22.31 | 22.34 | 22.48 | 20.95 | 21.24 {20.96|20.85|21.0620. 66 |20. 84
w(Cr03)/%| 0.22 0.23 0.23 0.19 0.18 0.12 0.23 0.01 0.44 0.29 0.19 0.19 |0.10|0.12|0.12|0.08 | 0.08
w(Fey 03)/ %
w(Fe0)/% | 24.45 | 25.09 | 24.34 | 26.56 | 23.73 | 22.94 | 22.98 | 23.86 | 22.99 | 23.70 | 32.48 | 32.94 |32.93(32.82(33.38/32.85|33.08
w(MnO)/% | 0.36 2.01 0.87 0.42 0.22 0.47 0. 44 0.71 0.55 0.48 0.21 0.23 |0.3110.42|0.51|0.680.66
w(MgO) /% | 4.21 2.70 3.31 2.22 4.79 3.69 3.29 3.63 3.28 3.72 3.11 3.06 | 2.53(2.39(2.41)2.292.42
w(Ca0)/% | 10.44 | 10.67 | 11.29 | 11.12 9.47 12.67 | 11.98 | 11.19 | 12.30 | 10.78 3.91 4.18 | 4.40 | 4.39 | 4.38 | 4.31 | 4.37
Wiorat/ 100.00 | 100. 11 | 100, 11 | 100. 08 | 100.09 | 98.18 | 99.99 | 99.84 | 100.14 | 100.05 | 100.07 | 100.03 [100.00[99.99{99.99(99.97(99. 95
w(SH/ % 3.03 3.01 3.03 3.00 3.07 2.92 2.97 2.96 2.96 2.99 3.09 3.03 |3.08|3.09|3.04)3.1013.07
w(T) /% 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.02 0.01 0.00 0.00 0.00 |0.01]0.011{0.00]0.001]0.00
w(AD/ % 1.96 1.95 1.94 1.99 1.98 2.04 2.09 2.05 2.05 2.06 1.95 1.99 | 1.96 | 1.95 | 1.98 | 1.94 | 1.96
w(Cr) /% 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.03 0.02 0.01 0.01 |0.01|0.01|0.01/0.00]0.01
w(Fe*™) /% | 0.01 0.02 0.02 0.00 0.00 0.01 0.00 0.00 0. 00 0.00 0.00 0.00 ]0.00]0.00[0.00|0.00|0.00
w(Fe?T) /% | 1.58 1.63 1.57 1.75 1.53 1.52 1.49 1.56 1.50 1.54 2.15 2.19 12.19(2.18(2.23(2.19|2.21
w(Mn)/ % 0.02 0.13 0. 06 0.03 0.01 0.03 0.03 0.05 0.04 0.03 0.01 0.02 |0.02|0.03|0.030.05]0.04
w(Mg)/% 0.49 0.32 0.38 0.26 0.55 0.44 0.38 0.42 0.38 0.43 0.37 0.36 |0.30]0.28{0.2910.270.29
w(Ca)/ % 0.87 0.90 0.94 0.94 0.78 1.08 1.00 0.94 1.03 0. 90 0.33 0.36 |0.37]0.37{0.37]0.3710.37
Weorat1 / %0 7.98 7.99 7.97 7.99 7.93 8.05 7.98 8.00 7.99 7.97 7.91 7.96 | 7.947.92|7.95(7.92|7.95
%lm/% 53.39 | 54.66 | 53.14 | 58.40 | 51.28 | 49.50 | 47.39 | 50.57 | 48.05 | 49.45 | 72.91 | 72.91 |74.09|74.21|74.68|75.03|74.91
¢.\‘]).\'//% 0. 80 4.50 1.95 0.93 0.48 1. 04 0.93 1.53 1.17 1.02 0.48 0.52 | 0.70 10.95 | 1.15 | 1.57 | 1.51
gcg,_\/% 28.27 | 28.30 | 30.36 | 30.73 | 25.64 | 34.45 | 30.97 | 30.35 | 31.62 | 27.97 | 10.66 | 11.27 |12.35(12.35|12.17|12.35|12.42
goprp/% 16.47 | 10.64 | 13.00 8.68 18.45 | 14.26 | 12.10 | 13.72 | 12.21 | 13.85 | 12.43 | 12.06 [10.14]9.65|9.62|9.32|9.76
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Tab.2 Analysis Results of Trace and Rare Earth Elements of Garnets
- P6OGPO- | POGPO- | PEOGPO- | PEOGPO- | PSOGPO- | PEOGPG- | PSOGPS- | PSOGPG- | PEOGPS- | POGPS- | G- | G- | G | G- | G | G- | GF
1-04 1-05 1-06 1-07 1-08 1-09 1-10 1-11 1-12 1-13 2-01 2-02 2-03 2-04 2-05 2-06 2-07
w(Li)/1076 4.06 7.65 3.25 2.75 1L.77 4.47 6.13 5. 84 5.04 3.10 3. 06 5.28 2.70 0. 44 5.18 5.57 6.49
w(B) /1076 4,67 4.62 4.69 4,57 4.66 3. 86 4.09 4,04 4.90 4,14 315 | 3,10 | 313 | 3,59 | 3.28 | 3.44 | 3.44
w(Se) /1078 | 106.76 | 80.39 | 117.29 | 102,00 | 58.21 60. 41 75.89 4. 64 67.39 | 66.22 | 28.60 | 49.13 | 105.49 | 143.65 | 160.95 | 131.12 | 135.20
w(V)/1076 | 112,67 | 121.43 | 133,49 | 124,75 | 63.84 77.58 | 178.55 | 151,10 | 207.77 | 95.02 | 276,66 | 274.35 | 241,08 | 229.79 | 191.71 | 171,86 | 182.67
w(Cr) /1076 | 152,79 | 158,84 | 159.38 | 130.71 | 126.01 | 83.50 | 157.04 | 10.08 | 303,84 | 198,20 | 127.77 | 130.83 | 69.41 | 78.95 | 83.63 | 53.12 | 55.66
w(Ga) /1076 | 10,92 4.25 6. 04 10. 20 8.21 10.31 10.19 7.57 9.52 9.72 8.69 | 8.80 | 7.94 7.52 | 6.98 7.22 7.72
w(La)/107° 2.11 0.61 0.06 2.14 2.48 0.01
w(Ce) /1076 0.01 5.94 1.61 0.17 6.75 6.99 0.07 0,01 0,01 0,04
w(Pr) /1076 0.01 1.31 0.28 0.01 0.78 0.87 0.01 0.03 | 0.02 | 0.01 0.01 0.01
w(Nd) /1076 7.72 0.81 0.16 2.57 2.59 0,34 0.29 0.48 0.51 0.40 0.23 0.34
w(Sm) /106 0.04 0,04 0. 04 4,86 0.27 0.17 0.93 119 1.22 1L.79 2.34 2.30 2.35 2.33 2.24
w(Ew /1075 | 0.15 0.02 0.04 0.09 0.18 1.42 0.15 0.09 0. 40 0.82 0.87 | 0.84 1.25 1.44 1.58 1.76 1.60
w(Gd) /1076 | 1,94 0.03 0.25 0. 84 1.91 9.35 1.22 1.03 1.79 5.42 2.34 | 2.93 3.50 | 3.62 | 6.01 5.70 | 5.64
w(Th)/10~° 1.56 0.08 0.17 0. 60 1.35 2.18 0.57 0.26 0. 36 3.00 0.35 0.71 0.82 0. 64 0,94 0.90 1.02
w(Dy) /1076 | 20,62 2.17 4,44 10.19 12.63 20,23 7.33 2,74 0. 11 31.63 1.80 4.76 5. 77 3.94 7.16 4,40 4.86
w(Ho) /1076 1.57 111 1.68 3.81 1.54 1. 44 2.00 0.75 1.32 7.39 0.29 | 0.77 L14 | 0.75 113 ] 0.83 | 0.85
w(Er) /1075 | 10,70 7.24 9.13 10. 90 3.33 12.90 6.40 2.52 1,86 21.80 0.85 2.30 2.88 2.34 4,16 1.93 2.42
w(Tm) /1076 | 1,26 1.66 1.32 1.39 0. 46 1.99 0.94 0. 40 0.72 2.99 0.09 0.24 0.39 0.34 0.45 0.22 0.25
w(Yb) /1076 | 6.63 17.6 9.68 8.47 2.88 12.20 5.53 3.19 4.36 18.10 | 0.61 1.61 | 2.32 .88 | 2.77 1.06 1.47
w(Lu) /1076 .13 3.18 1.51 0.94 0.53 1.91 1.04 0.56 0. 86 2.52 0.09 0. 20 0.31 0.21 0,34 0.16 0.18
w(Y) /106 106.0 35,9 54.4 106.0 39.2 116.0 52.6 22.7 38.9 184.0 11.0 25.9 317 23.5 36.6 25.0 25.7
wree/1078 | 48,61 33.10 28.26 37.23 24,85 88. 56 28.76 12.11 32,95 | 107.79 | 8.85 | 16.54 | 21.23 | 17.98 | 27.31 | 19.52 | 20.93
wigee/1078 | 0,20 | 0,03 | 0.08 | 0.09 | 0.22 | 2336 | 3.73 | 0.66 | 13.57 | 14.94 | 2.44 | 3.02 | 410 | 4.26 | 4.35 | 4.32 | 4.24
wyree /1078 | 48,41 33.07 28.18 37.14 24.63 65.20 25.03 11.45 19.38 92.85 6.41 | 13.52 | 17.13 | 13.72 | 22.96 | 15.20 | 16.69
Eu 5% .71 0.90 1.20 0.87 2.07 0.65 0.77 0.68 0.96 0.98 1.57 1.12 1. 34 1.53 1.29 1.48 1.38
Ce 5% 0.97 1.00 1.09 0. 89 0.95 0.88 0.96 2,02 1.29 117 1.17 1.12 0.99 112 1.03 1.01 0.98
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Fig. 10 Profile of Eclogite in the Northern Belt of Dulan
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