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Abstract: Post-collisional potassic magmas are commonly regarded as evidence for the recycling of subducted sediments in the
lithospheric mantle of orogenic belts, with potassium isotope serving as an excellent tracer for these recycled sediments. This study
takes the lamprophyres from the Sanjiang region as an example, conducting potassium isotope analysis based on major and trace

elements and Sr-Nd-Pb isotopes, to explore the characteristics of the lithospheric mantle source in the Sanjiang region. This study
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reveals that the lamprophyres from four distinct regions - Jianchuan, Beiya, Yanyuan, and Yao’ an - collectively represent the

characteristics of the mantle source. These samples exhibit no association with weathering alteration, fractional crystallization,

crustal contamination, and dynamic fractionation processes. Overall, compared to the mantle, the samples display slightly lighter

potassium isotopic compositions from ( —0.61+0.02)%, to ( —0.3140.01)%, , suggesting a correlation with subducted sediment

metasomatism rather than with fluids typically enriched in heavier potassium isotopes. Further simulations utilizing the Monte Carlo

model for end-member mixing calculations indicate varying degrees of subducted sediment incorporation in the four regions, with the

sediment proportion in the Yao’an area potentially reaching up to 10%. This conclusion further substantiates the efficacy of potassium

isotope as a sensitive tracer, capable of effectively tracking the recycled subduction sediment components within the mantle.

Key words: potassium; isotopes; sedimentary metasomatism; Sanjiang region; lamprophyres; orogenic lithospheric mantle;

geochemistry.
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Fig. 1 Schematic of the tectonic framework of the Tibetan plateau and the Sanjiang region (a, modified after Yin and Harrison,

2000; Chung ez al., 2005; Shen et al., 2021; Geng et al., 2024), distribution of Eocene-Oligocene potassic rocks in the San-

jiang region (b, modified after Guo ez al., 2005; Deng er al., 2014; Miao ez al., 2023) and representative photomicrographs

of lamprophyres from the Sanjiang region (c)
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Fig. 3 Potassium isotope variation diagram comparing lamprophyres from the Sanjiang region with magmatic rocks from different
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2 W AU ol 708 AN S A 0 ) 67 2 708 A ) 32 LA

W T RR AT i AR e e ) TR G T RE A
o AR 0 YR A 2K R AR IR A 2 4L A (Sun ez al., 2020).
AR K il b A 0 TR A 2K 4T R (— 0.68%0~
—0.12%,, Huang et al., 2020) 5 FF BF 57 48 BE 7+ (1)
BRI R AL N A E (0 LD IE 4 2 B M A TR

XoF BT S8R 1 TR) A7 2% 2 R e N L e L X
oL BE A KO i (4.00%~ 8.27% , ¥ {H M
5.37%) it & T K Bl i 52 (K.O 2 1.8%, Rudnick
and Gao, 2014 ) , i FH 8 [W] v 2 X DL gk H 56 TR 42 ik
s LU, FRATT Y T B SR W B E R b [
AL 2 41 B 0w B0 A K B T I 5 AR B )
A7 % 4, B D75 10%~30% (1 58 ) i
A (K 5a), X 5K & ag & MgO Mg, Cr A1 Ni
TRAFF (R D). 5 Ah, X S8 BE A #Y Sr-Nd-Pb
K [ AR5 SI0, 2 6§ = 81 80 A o6
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Table 1 Whole-rock major elements (%), trace elements (10°) and Sr-Nd-Pb-K isotopes (%) geochemical analysis results of lam-

prophyres from the Sanjiang region

RE & 455 MgO  SiO, K,0 ALO, CaO KO/ KO+ Mg® LOI  Cr Ni  Rb/Sr Ba/Rb K/Th
Na,0 Na,0
JC20-3-1 3.96 519 4.83 1227 745 2.06 717 050 751 57 31 013 924 2864
JC20-3-2 468 534 495 1246  6.79 2.05 735 053 505 56 37 014 866 2959
JC20-3-3 512 541 559 13.33  5.65 2.21 811 054 278 69 32 017 841 3027
JC20-3-4 499  52.8  4.83 1240  6.62 2.02 722 053 517 59 37 013 887 2817
JC20-3-5 453 531  4.97 1254  6.86 2.02 744 051 481 54 31 013 9.02 2908
JC20-3-6 3.92 559 522 13.67  6.13 1.84 8.06 050 234 61 33 024 756 2929
BY20-1-3 6.30  56.3 544 14.03  3.86 1.97 820 0.7 275 225 171 047 545 3183
BYZ20-1-4 597 504 437 14.02  7.51 1.43 742 060 471 259 158  0.30  5.96 4058
BY20-1-5 584 511 425 13.83  6.92 1.37 735 061 569 253 159  0.27  6.25 3989
BYZ20-1-6 579 504 429 1416  7.07 1.37 742 061 522 258 158  0.28 6.18 3894
BY20-1-7 574 534 543 1317  5.22 2.40 768  0.66 659 254 167  0.39 560 3035
BY20-1-8 593 523 535 1294 5.90 2.40 758  0.68 7.64 239 159 050 521 2955
YY20-2-1 8.25 495 439 1272 9.41 1.48 736 0.68 098 363 254 0.1 17.95 1246
YY20-2-2 8.83 474  4.07 12.02 10.64 143 6.92  0.69 1.63 397 277 036 478 1330
YY20-2-3 8.76  48.6 4.00 1244  9.67 1.45 6.77  0.68 1.25 355 257 025 658 1156
Y'Y 20-2-4 13.04 416 588 845 1222 6.07 6.85 076  2.16 564 474 015 1372 1734
YY20-2-5 8.87 476 4.88 11.92 1048  1.62 788 0.69 090 394 282 022 681 1574
YA20-1-1 6.01 492 671 1127  8.09 5.35 7.96  0.63 6.04 142 60 0.8 18.67 7290
YA20-1-2 6.67 49.0 7.02 1117  8.32 5.79 824 066 606 163 67 017 14.80 2179
YA20-1-3 6.25 49.0 7.33 11.35 7.90  11.29 797 063 574 145 60  0.12 2097 5463
YA20-1-6 6.23 489 6.05 11.35  8.55 5.60 713 064 661 151 62 0.4 2335 4389
YA20-1-7 2.04  60.6 827 1545 2.73 3.35 10.74 047 258 78 29 025 7.26 1514
ATE R 1Sr/%Sr NN “Ph/*Ph  PTPh/®PL *Ph/*Ph ex(?) MK 2SD
JC20-3-1 0.708 125 0.512 398 18.693 9 15.650 2 38.841 6 —4.23 —0.45 0.04
JC20-3-2 0.708 084 0.512 392 18.695 9 15.649 8 38.843 2 —4.34 —0.43 0.02
JC20-3-3 0.708 159 0.512 399 18.688 4 15.651 0 38.838 7 —4.21 —0.45 0.03
JC20-3-4 0.708 127 0.512 383 18.701 9 15.650 2 38.850 0 —4.51 —0.45 0.00
JC20-3-5 0.708 099 0.512 388 18.691 2 15.650 8 38.839 9 —4.43 —0.45 0.01
JC20-3-6 0.708 540 0.512 353 18.713 3 15.657 0 38.881 2 —5.09 —0.49 0.03
BY20-1-3 0.708 669 0.512 388 18.667 8 15.712 3 39.1429 —4.38 —0.47 0.04
BY20-1-4 0.706 739 0.512 579 18.680 0 15.709 3 39.143 8 —0.70 —0.47 0.03
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EATE R “Sr/%Sr NN “OPh/*Ph  PTPh/*PL *Ph/*Ph e(?) MK 2SD
BY20-1-5 0.706 848 0.512 585 18.700 0 15.721 6 39.177 5 —0.58 —0.41 0.04
BY20-1-6 0.706 798 0.512 577 18.697 1 15.716 4 39.173 9 —0.74 —0.42 0.02
BY20-1-7 0.708 678 0.512 368 18.682 7 15.713 7 39.163 3 —4.78 —0.52 0.02
BY20-1-8 0.708 839 0.512 359 18.688 4 15.714 8 39.168 3 —4.95 —0.54 0.02
YY20-2-1 0.706 162 0.512 481 18.273 3 15.611 6 38.598 9 —2.49 —0.31 0.01
YY20-2-2 0.706 337 0.512 472 18.271 2 15.612 6 38.605 7 —2.66 —0.44 0.03
YY20-2-3 0.706 176 0.512 478 18.276 3 15.611 1 38.595 6 —2.59 —0.40 0.04
Y'Y 20-2-4 0.706 327 0.512 481 18.388 9 15.622 2 38.662 6 —2.56 —0.37 0.04
YY20-2-5 0.706 289 0.512 471 18.268 2 15.6100 38.600 7 —2.68 —0.47 0.03
YAZ20-1-1 0.709 673 0.512 086 18.350 2 15.603 2 38.933 3 —10.22 —0.41 0.03
YA20-1-2 0.709 528 0.512 088 18.313 2 15.593 3 38.890 7 —10.20 —0.56 0.03
YAZ20-1-3 0.709 353 0.512 092 18.333 4 15.598 8 38.9119 —10.11 —0.53 0.03
YAZ20-1-6 0.709 621 0.512 092 18.349 3 15.603 2 38.942 2 —10.13 —0.44 0.04
YA20-1-7 0.710 421 0.512 028 18.358 8 15.622 5 39.178 1 —11.27 —0.61 0.02

T« =T DXORR BRE A R it 19 2 Aol o 38 RO A [l 37 3% M Bk AR 2 2 51 A Geng et al.(2024)
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i Z AR R OG5 R (R G R B R 73 3
70.8201.0.826 4.0.758 6 F10.701 2) , F WM A4
IRV A7 1Y 0 1 4 e R AR A R A b kAR T
YEH (Geng er al., 2024). B T ¥ 76 #UHE A F1 B )%
A1 H A% S #H %% (Philpotts and Schnetzler, 1970) ,
X B ) 45 i O S E R B XS TR A A R AR
FOR UL LN RIS N 2 B AR AR R
$ B0 A A7 R 4 (Tuller - Ross e al., 2019a,
2019b; Hu ez al., 2021b; Wang et al., 2021a). {ij A
Xof i S 45 b 43 S A E SRR R 1 WF Y IE S A K
TSRO A R B R AT 2 A ) S AR B R L R
o A8 A H 0/ (Hu et al., 2021b; Huang et al.,
2023) . A, i B 5T 2 B ok B B 5T — 8 5T
WAL AR AT RE AR TE D i & m BEEUR S B
1 25 55> 5 (Geng et al., 2024 K H: 5% SCHik) . Zeng
et al. (2019) B & B 5 % W], ££ iR )& O 900 °C A0
1100 CHYZMT , iR RS RT (&
BE B AE ) B B R L 2R o 1 A e A 0,149 AN
0.10%50 . T 75 5 J 1 Ak 6 301 2B 2 BE 9 285 4 00 S 2 )
IR R Y B IR AL ZR 2 A R B S e (Hu er
al., 2021b; Huang et al., 2023) , % 40 , Hu et al
(2021b) 38 3 Fi 1) 73 158 5 400 45 2R 3% BH 8 2 BE B 45
Ea U IR G A R T/ B | I3 NN i S BRI
—0.25%0~0.02%,. $K 17 , T AT Y 25 2R 7R Fir A 50 4
A R HF AL R A S & o BB o BRSSO
5 b5 (41 K,O/Na,O Fl Rb/Sr) I % A B & (14 4 5¢ #:

([ 5b, 5¢). X — R fE 48 7R 4 = BE BB = B 45 &
o7 5 AR BE AR, BOAE AT, o VAT i A A AR &R
BRI Z A AR L A R R A
25 5 S AE AR (40 S10, MgO F K,O) 2 [8) 3 JC B i
A K Z (E 4b AT 5a) , [R]RE 158 B 45 & 4 5+
FHR A B0 33X B 5L B 2 0 B ) 0 2% 2 1l . AR R
T R Bl el I N VA RS o N U 1
(Lietal., 2019c, 2019d; Wang et al., 2022b) ,{H &
BEAFMARNBHEMECR 7%, HFRMVERES
ALO, Z [8] I A WL %< 21 W 5k i A SR (& 2 FEl 5d)
KW AR EAS DR AWS o RIF AR E,
JEBE A FE G LT 3A RHR A AR AR X W R B 3K
ATTVRE it B B0 ] 57 3R 20 AN 32 3 9K 43 S ok AR 1 5 T
43 FHHhESE

K By B 58 R W8 W7 R 47 K A R
SR LAl RE A B S B R A
] 5 & (Richter ez al., 2014 ; Huang et al., 2009 ;
Zeng et al., 2019) , B W& FE A B 51 B9 9 By {1k
YT, B OT R JE B Wk B o ) IR VR R e L,
PRI, 5 0 DACB BT O A b 7 3 L G R L
B M b A DU AE R KO & s Ik, HOA Ry %
B, Y N %A AR BT BORE OGO &R, T R AT
B RE A T R B Bk A O R (I 5a) , R4k
YRS RSB S B R A R ) R

i BT IR, VT b KRR BE A R S R IR BT e
Jc B W ph AR FLBR R4 2 AL AS &2 KA il AR
Ho7e IR YL g3 B A A M B ) AR A IR B Y
U S TV S =10 T - S S (T
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HE WRHE (& % LILE, 7 it HFSE) , 33X 5 0 vh /£
FH B AR SR AR AR W 5, 7T RE 32 IR o B R R DL
Jes A R AR 1 22 A (Geng ez al., 2024) . 1if ABF5E &

MgO vs. 3"'K () for lamprophyres from the Sanjiang region

PR PE5E ARG b TR = 3 FE I v A B
EPA R 3 VR, AT BE S 250 Y5 DX 4 ] 47 28 4 A
AR5 M: (Wang ez al., 2021b; Wang and Tonov,
2023). A% T H 18 (8"K=(—0.424+0.08)%0 , Hu ez
al., 2021b) , il A5 V¥ 76 AR oi bl R Y I A
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Fig. 8 Schematic diagrams of the lithospheric mantle source modification for lamprophyres from the Sanjiang region (modified

after Lu ez al., 2013; Shen ez al., 2021; Sun ez al., 2021)
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