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Abstract: The North Qilian is characterized by the early Paleozoic ophiolite and high-pressure/low-temperature
metamorphic rocks, such as serpentinite, eclogite, blueschist and metasedimentary rocks. In this study, a detailed
petrographic, mineral-chemical, and geochemical analysis is presented on the piemontite-bearing metacherts in
Qingshuigou, North Qilian. The piemontite-bearing metacherts are mainly composed of quartz, phengite, piemont-
ite, garnet, glaucophane, clinopyroxene, ardennite, and hematite. Based on the mineral assemblage, mineral
chemistry, and the p-T conditions of the country rocks, the piemontite-bearing metacherts may have undergone low-
temperature and high-pressure eclogite-facies metamorphism. Whole-rock geochemisiry suggested that the protolith

of the piemontite-bearing metacherts was argilliferous cherts deposited in the oceanic environment with the participation
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of hydrothermal activities which resulted in the deposition of Fe and Mn. They were involved in the subduction zone

with the materials from the continental active margin or continental island arc, and then experienced low-tempera-

ture and high-pressure metamorphism. The piemontite, ardennite, spessartite, and many inclusions of hematite in

garnet indicated that the piemontite-bearing metacherts experienced a condition of high oxygen fugacity, which also

recorded by the decreases of the Fe* from core to rim of the garnet. Oxygen released in this process played a signif-

icant role in the exploration of oxygen fugacity in the lithosphere mantle, the generation of island arc magma, and

the oxygen cycle in a subduction zone.
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Fig. 1 Simplied geological map of the middle part in the North Qilian orogen (a, after Zhang et al. , 2012, 2019)

and geological profile in Qingshuigou, North Qilian (b)
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Fig. 2 Field photos(a, b) and photomicrographs(c~e: plane polarized light; f: back-scattered electron image )

of the piemontite-bearing metacherts in Qingshuigou
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Table 1 Representative mineral composition of the piemontite-bearing metacherts in Qingshuigou, North Qilian

1 2 3 4 5 6 7 8 9 10
L7
HRbEEA ey el INAT ZREH b aaia

Sio, 55.04 55.49 35.49 35.48 58.94 58.82 54.51 56. 65 36.95 37.15
TiO, 0. 05 0.04 0.12 0.16 0.04 0.06 0.14 0.11 0.05 0.01
Al, 0,4 9.39 9.13 20. 16 19. 89 7.73 7.27 26. 64 22.60 19.09 18.78
Cr, 05 0.02 0.03 0.02 0.01 0.00 0.03 0.00 0.02 0.05 0.01
FeO 17.45 17.34 1.73 2.07 6.27 6.78 3.12 3.07 7.24 8.13
MnO 0.53 0.71 35.87 36. 11 0.49 0.46 0.28 0.23 9.88 10.52
MgO 2.30 2.59 0.90 0.77 15.18 15.12 3.55 3.22 0.08 0.07
CaO 2.63 2.91 5.51 4.52 0.51 0.438 0.00 0.00 19.27 18.36
Na, O 11.99 12.50 0.04 0.04 7.23 7.23 0.44 0.24 0.00 0.03
K,0 0.02 0.03 0.01 0.01 0.01 0.01 9.15 10. 24 0.01 0.02
Total 99.42 100. 77 99.85 99. 06 96. 40 96. 26 97.83 96. 38 92.62 93.08
Si 2.904 2.924 1.989 1.978 8. 008 8. 020 3.502 3.715 3.165 3.172
Ti 0. 007 0.010 0.001 0. 001 0. 004 0. 006 0. 007 0. 005 0. 003 0. 001
Al 1.945 1.933 0. 400 0.384 1.238 1.169 2.018 1.747 1.928 1.890
Cr 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
Fe®t 0.117 0. 141 0.461 0.491 0. 499 0.541 0.059 0. 000 0.513 0.575
Fe®* 0. 001 0. 001 0. 066 0.026 0.214 0.232 0. 109 0. 168 0. 005 0. 009
Mn 2.486 2.521 0.016 0.021 0. 056 0.053 0.015 0.013 0.717 0.761
Mg 0.110 0. 094 0.124 0.138 3.074 3.072 0.340 0.315 0.010 0. 009
Ca 0. 484 0.399 0.102 0.111 0.074 0.070 0. 000 0. 000 1.769 1.679
Na 0. 007 0. 006 0. 840 0. 864 1.905 1.911 0.055 0. 031 0. 000 0. 005
K 0. 001 0. 001 0. 001 0. 001 0. 002 0. 002 0.750 0. 857 0. 001 0.002
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1988, HiAth 3= 5 5T &= A MK 4 i GB/T14506. 28-
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(ICP-MS) 43 #r, #7444 DZ/T0223-2001, H:
o1 Nb Ta Zr F1 Hf FHAS 2 FTTTE R P2, A &8
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Fig. 3 Garnet compositional profiles for the piemontite-bearing metacherts in Qingshuigou
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Table 2 Whole-rock major(w,/ %) and trace(w,/107*)

METE (w,/107°) SIER

THEREEEEE (wy/ %)

elements analysis results of the piemontite-bearing

metacherts in Qingshuigou

g AQ14- AQ14- L15- L15- DL15-
22-5.1  22-5.1-2  12-4.1 12-4.2 16-6. 1
Si0, 85.47 84.56 84. 68 83.04 83.17
TiO, 0.15 0.20 0.18 0.29 0.19
Al, 0, 4.65 5.72 5.14 5.62 5.06
FeO 0. 64 0.32 0.54 0.48 0.61
Fe, 05 3.15 3.83 4.25 4.51 5.07
MnO 0.77 0.62 0.76 0.84 0.72
MgO 1.07 1.24 1.01 1.19 1.27
CaO 0. 66 0.71 0.68 0.81 0.79
Na, O 0.59 0.62 0.49 0.67 0.71
K,O 0.97 0.89 1.08 1.11 1.32
P,04 0.13 0.18 0.14 0.11 0.21
LOI 0.99 0.89 0.91 0.95 0.84
Total 99.24 99.78 99. 86 99. 62 99.96
Li 9.00 10. 21 8.54 9.12 11.21
Cr 20. 60 30.12 21.12 26. 54 26. 56
Mn 5813.00 5432.00 5890.00 6312.00 5 324.00
Co 23.00 31.00 48.52 28. 81 26. 87
Ni 29.40 32.54 40.01 37.24 35.64
Cu 180.00  201.00  216.00  194.00  203.00
Zn 38.60 40.21 38.35 43. 64 29.51
Rb 29. 40 27.42 29.74 32.88 30.58
Sr 187.00  279.00  311.00  302.00  263.00
Cs 2.26 2.94 1.87 2.35 2.68
Ba 649.00  568.00  535.00 672.00  753.00
Pb 43.10 60. 25 51.45 56.02 74.02
Th 3.18 2.98 3.24 3.68 4.01
U 0.07 0.10 0.19 0.08 0.11
Nb 2.75 3.45 3.98 5.33 2.97
Ta 0.19 0.21 0.34 0.42 0.29
Zr 28. 00 33.57 28.97 33.27 37.70
Hf 0.94 1.06 1.21 1.06 1.12
Sn 1.06 1.23 1.37 1.20 1.03
Sbh 1.55 1.48 2.00 1.75 1.71
Ti 829.00 919.00 1065.00 937.00  966.00
W 1.90 2.07 2.45 2.15 2.02
As 97.50 109.23 125.57 110. 36 103. 34
v 7.14 8.78 9.20 8.08 9.30
La 11.40 13.22 14. 68 12.90 13.35
Ce 23.41 26.22 30. 02 26.51 27.19
Pr 2.75 3.08 3.54 3.11 3.31
Nd 11.80 12.58 15.20 13.36 13.62
Sm 2.05 2.44 2.64 2.32 2.42
Eu 0.55 0. 68 0.72 0.63 0. 65
Gd 2.13 2.41 2.45 2.27 2.46
Th 0.35 0.39 0.46 0.39 0.37
Dy 2.32 2.47 2.99 2.63 2.58
Ho 0. 46 0.54 0.59 0.52 0.51
Er 1.46 1.72 1.88 1.65 1.77
Tm 0.21 0.23 0.27 0.24 0.29
Yb 1. 44 1.74 1.85 1.63 1.69
Lu 0.21 0.25 0.27 0.24 0.29
Se 5.41 6.35 6.97 6.12 6.22
Y 10. 40 16. 84 10. 58 13.45 20. 25

FhHh AR B 2% 5 N E S W X8k (Kl Sa), 7F
(La/Ce) y—=AL 0,/ (Fe,0,+AL,0,) Ffi# I, 3 EEM
TEAE T PR AN X3, 2 ANFESETE T 7R ANt
Ly KBt i % 5 SCRN &5 9K Y B 8 X 3k (81 Sb)

LA A AR R A I 10 R S (SREE) 48
BT 60. 54107~ 77. 56x10°° Z ], 7EAL3E B A br
HEALRR T oCR I th & B b, Seiis ARk s 2
AN 1Y Ce B 50 5 ARG Eu 1E 5% (& 5¢) ,
Ce/Ce” il Ew/Eu” 735|246 0.89~0.91 F1 1. 16~
1.24 28],

6 11t

6.1 TEHREMNESFIESHRIE

HEAFR SRR, BERE T 9 Mn Fl Fe 196
A2 B SHIEAE HIAA 5, AL T A& S0 5 R e
JEHE A DG, P, KPR B I EE N A i ik I
AT E Mn Bl Fe, TR 2 A58 A 10 ik Jox
FHAXTE AL FIT Ti( Adachi et al. , 1986; Murrayet,
1994) , aA HERA 22 P g R s, JEABIE T K
W& LA AR R CA 1Y Si0, & A8 L 7E 83. 04% ~
85.47% 2], ALO, F A LT 4.65% ~5. 2% Z
6], 245 55 4l A A2z i 43 ( Murrayet et al. |
1991; Murrayet, 1994) {776 — & 5, AHERRZ
ARRE A I R T B A A iR T A A, T L
A X S A A 28 I3 W W 25 R A8 SO Y ) 28 908 Jo
(Song et al., 2007) , HAb, 7E Fe,0,/Ti0,-AlL,0,/
(Fe,0,+A1,0,) Fl(La/Ce) \—AlL,0,/( Fe,0,+Al1,0,)
Bl -, XSRS VR TR T RVEME B RV 5 KB T
BN % 5 I & 1 X3k (K] 5a.5b) .

EAEE T WA 2R o B A5 SRR W], JLAR & I K
WEAHB AL T EAEZIE Fe Mn F1 As
PB4, X LI035 HIRTE 2 ¢, RUIZ AR RE
A Th ZA R B Dk . AR AL S8 DU R
WAL, e AR S 2 A B Ce
SEH (Ce/Ce” =0.89~0.91) AN Eu IEF%
(Euw/Eu” = 1.16~1.24), 1fi Ce Al Eu AYIE  f1 5%
EHIE T E -0 R A A G, HT A SY 3R B
XFf Ce B 5% A1 Eu 1E 5% 1 fE4E /R 18 7K 41 70 Ik
KFRS 5 CRENIZE, 2008) , H4h, fiETER
Gy BT EE R A IR R U B A AR AR Co v
i, XEBRRAE 5 R A b T A ) S R B T
(Murrayet,1994; T A&, 1995) fAE—EWM 2SR, T
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Fig. 5

Fe,0,/Ti0,-Al,0,/(Fe,0,+AL,0,) (a) and (La/Ce)y-Al,0,/(Fe,0,+Al,0,) (b) diagrams, and North American

Shale-normalized REE distribution pattern( c)

BEULIA M | W AR 1 7K 1 B 2075 A AR RE LA Fe/
Ti EXHEEEE 20 Eu/Eu” E B 1.1 DL 7
) Ce/Ce ™ {H5F MR A 2 FEAE, 5 KOFH RIFERIR
FITARAS B354 1 Ak PR URUS R AEAR L, JF 4t
NN R EFHAD LT LA Z BRI ) 5 5
i ) R T SRR B (5K, 2023)

ZE L RTIR, JUARTE 1 K I8 & 20T A AR RE A
JE Nz R R B RE T, P AR AT g Ry 3 v A
HIREE, FFA IR PGRTE h i oTmk, 44K, AHERR
FEAR W T8 7 5 A 1) 2 £ 75 R T 2 R AE

AR IR BN B 25 R, X T g — TR A
W,

6.2 MHREX

AU 3% g ARG AR 25 A WA Ay 2 LY (R 5
IF b4 FH B9 7= %) ( Song et al. , 2006; Zhang et al. ,
2007) o CARIEIE LG K V8~ 110 FTE 255 i X
VIR A RSB ) 28 LR, Wi AR 5 A 2 SR
JE AR R 85 0 AR AR DA B sk Ak 27 iF 5
AR X A AR 1 S ] RE R 109 3l K il 2 2%

SR 4 b PR B8 (2 4 7 4F, 2009; Zhang et al.
2012; M RAE, 2016) . ASCHEFREEREH, JLAK
HETE KR B £1AS A AR R B e ) S A2 e B ik
Figr, HIU A SR v] 68 N 1 A IR S, A PRI
PGS S S, H%R A UA & Mn Fe 1 As
SEICE, DXLV K VA T BT R IR St R Ak
B RE T IR S5 AR A AW £, X S8 5T AT BE A
e L B R G ORIt () I B 7 oty A= AR
ST 25 AR T (A o — e s AR il v, RS
T AR AR ST M A G IR v B 3 T 4 I 4L K
#5Hr, 2020)

IR R, A RE A TS A A A R R
WAFRPR Y, 31X L ) B AE IR 5 |
B ERERE T I, Ah, Za AT AR
ZI AR, R E AR A ] O K Y Ak
WALEEAR, XS UL AT A R AR R
B e R v AR B ) IR T AR B, Xt 5 R M A
AL T 350 AR T AF 5 25 RAHAF (Song et al.
2022) o T —A~ R BR AR, X B85 LT AF A A IR
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R T R LB L, 5 )
B9, FiHT AL A BT 4 T, S
K S LU TR T A I 19 Fe? B2 Ly
R R A 0 R 35 (18 3) . Fee A4 22 00
%, Fel I R it I B T A RS 1 LA
AN, DT, 71T A7 P MRS 30 3 07
MR8 W T 0T A e o A 1
oo IETHRT- i Fe™ g8 FLHE BL T S0, A oo o
SELISL I PR o e B 2 T 0, M 3
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7 g

(1) HSHE A 25 2013 A T 20
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Tl PR — 2 28 7 T MB35 PR 40 0 20
.

(2) MU P20 4 MO E A B 2 B
SYRRAE, BT AR WL A 20 5 0PI 1 A
PEARMURLI & TR 2, ol T A O 319 5
5, 464 Fe Mn SHIFRHURL, HETTSEIR 25 T 1GR
AR A

(3) S W K 1 5 207 7 28 A o 40
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