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Reaction rims of garnet and its geological significant: A case study on
Quaternary volcanics in Da Hinggan Mountains

SUI Jian-li
(Institute of Geology, China Earthquake Administration, Beijing 100029, China)

Abstract: Mantle xenoliths, with minor garnets, have been found in the Quaternary volcanic rocks in Da Hinggan
Mountains. Reaction rims, documenting significant records of mantle dynamic evolution, are common in most of the
garnets. Optical photomicrographs and BSE pictures demonstrate three types of reaction rims of garnets, (D coronal
rims, a thin layer of 0. 1 ~1 mm enclosing the relic garnet, with a typical mineral assemblage of Opx+Glass, Cpx+
Glass or Grt+Sp; @) vein rims, vein-like strips in several 100 wm in width and several millimeter in length, with a
typical mineral assemblage of Opx+Glass; 3 microfracture rims, very thin reaction rims of several to several ten

micrometers thick along microfractures in garnet, with a typical mineral assemblage of Sp+Glass. On the aspect of
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petrogenesis, these reaction rims were divided into two types, (D origin of magma/melt reaction with garnet: Some
reaction rims have quite different bulk chemical composition from the precursor garnets. For example, K,O and
Na,O compositions in garnet reaction rims are one or two orders of magnitude higher than those in precursor gar-
nets, indicating that compositions from mantle melts or alkaline magmas were induced to the mineral assemblages of
reaction rims; @ origin of isochemical breakdown of garnet: The other reaction rims have nearly the same bulk
chemical compositions as the precursor garet, indicating isochemical breakdown of garmet without any significant
chemical compositions from mantle melts or other minerals, especially the vein rims and microfracture rims. Hence
two types of garnet reaction rims with quiet different origins were found in Quaternary volcanic rocks in Da Hinggan
Mountains. These garnet reaction rims provide evidences of K,0O- and Na,O-rich melt reactions and mantle refertil-
izing processes, as well as evidences of evolution of mantle p-T' conditions. Studies on garnet reaction rims may light
on further understanding on chemical evolution and thermal history of lithospheric mantle in Da Hinggan Mountains.

Key words: Da Hinggan Mountains; garnet reaction rim; electronic probe analysis; isochemical breakdown; man-

tle evolution
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Fig. 1 Sketch distribution map of Cenozoic volcanic rocks with sample locations in Da Hinggan Mountains

(after Fan Qicheng et al. , 2011, 2012)
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Fig. 2 Petrological features of mantle peridotites and garnet reaction rims
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a—mantle peridotites, the right is a fresh peridotite with light green color, enclosed by basalt, and the left is oxidized and rust-colored ( sample from
Banlashan of Nuomin) ; b—a polished section of garnet peridotite, in which garets were enclosed by light colored reaction rims ( sample from Delehe
of south Da Hinggan Mountains) ; c—a garnet is enclosed by thin reaction rim, with relic orthopyroxenes, sample 08NMBI10, cross light; d—corona

rims and dyke rims in a garnet, sample 07WNPO4, cross light; Rim—rim; Grt—garet; Cpx—clinopyroxene; Opx—orthopyroxene
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Fig. 3 BSE pictures of three types of garnet reaction rims
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a—coronal rims show multiple stages of petrogenesis ( sample 07WNP04) ; b—vein rims spread into the garnet mineral, two vein rims cover through a
crack, indicating that these vein rims were not formed by melt or magma along the cracks in the minerals ( sample 07WNPO4) ; c—garnet with many

micro cracks, enclosing relic minerals of Cpx and Opx (sampel 08NMB10) ; d—very thin reaction rims, with several ten micrometers wide, along

with the micro cracks (sample 08NMB10)
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Table 1 Major element compositions of minerals in garnet reaction rims
Si0; TiO; AlO; Cr05 FeO MnO MgO CaO Na,0O K,0O NiO Total it
OTWNPO4
Grt 41,41 0.21 2238 1.58 7.05 0.30 20.69 524 003 000 0.06 98.95
Cpx 4245 0.24 22,40 1.50 6.93 0.29 2092 518 006 000 0.03 99.98 WosEnnFsy
Opx 4540 018 1769 232 651 028 2549 158 001 000 000 99.46 WosEngFs)s
Opx 50.04 0.17 9.73 042 7.00 0.29 2890 1.89 0.00  0.00 0.02 98.47 WosEngFsi»
Glass 5001 0.42 21.69 0.12 6.13 0.28 5.32 15.20 012 000 0.01 99.30
Glass 49.75 0.43 21.61 0.04 592 0.28 5.34 15.07 0.11 0.00 0.03 98.58
Glass 4854 042 2292 010 609 026 569 148 011 002 000 99,01
0TWNP0O9
Sp 0.13 0.38 59.30 353 15.08 0.11 20.60 0.00 0.01 0.00 0.17 99.30 Cr*=3.8
Sp 0.76 0.06 59.53 7.10 935 0.17 21.76 0.15 0.00 001 0.01 98.90 Cr=74
Sp 0.08 0.11 59.87 7.52 10.28 0.20 21.67 0.01 0.00 000 0.07 99.81 Cr*=7.38
Sp 0.24 030 5702 807 1248 014 2150 000 000 002 026 100.02 Cr'=8.7
Sp 035 0.07 57.94 8.27 11.34 027 2037 0.10 0.00 000 0.04 98.74 Cri=74
Sp 0.18 0.27 55.86 8.29 12.64 0.16 20.82 0.00 000 003 0.25 9848 Cr*=9.1
0l 40.13 0.03 0.03 0.19 12,27 047 46.65 0.15 000 001 0.00 99.92 Fogy
0l 39.75 0.07 0.04 0.21 15.34 0.58 4393 0.23 0.00 000 0.01 100,16 Fogs
Cpx 50.18 0.47 8.05 0.64 5.06 0.14 17.94 15.62 1.04 0.00 0.03 99.16 WossEns;Fsg
Opx 5043 0.12 9.58 1.80 6.96 023 2829 223 000 000 0.00 99.63 WosEng:Fsiz
Opx 51.66 0.10 9.21 0.37 6.72 028 2994 |54 0.01 0.01 0.00 99.84 WosEngFsy
Opx 48.20 0.15 13.11 1.73 6.57 030 27.17 1.91 0.04 000 0.00 99.17 WoyEngFsia
Opx 48.14 016 13.08 | 48 7.07 0.27 26.69 1.96 0.01 0.00 0.04 98.89 WosEng:Fsis
Opx 48.49 0.19 12.84 1.51 7.00 0.29 2697 1.96 0.04  0.00 0.04 99.32 WoyEng:Fsis
Opx 46.37 021 16.16 1.68 7.21 025 26.01 1.50 003 000 0.01 99.43 WosEng:Fss
Opx 4696 0.05 14.77 1.77 6.99 029 26.81 1.73 002 000 0.03 99.42 WoyEng:Fss
Opx 46.14 0.18 15.03 215 6.98 0.27 26.26 1.97 000 000 0.04 99.01 WouEns:Fsya
Opx 1504 021 1730 209 679 022 2568 160 000 000 000 98.93 WoyEngsFsis
Opx 45.85 0.24 15.23 227 6.61 0.34 26.18 1.99 0.01 0.01 0.02 98.76 WosEng:Fsiz
Glass 51.58 0.15 29.20 0.01 0.60 0.02 0.29 14.03 357 016 0.05 99.65
Glass 5136 005 2849 000 073 002 034 1397 363 011 000 98.50
Glass 51.67 000 2869 003 059 004 018 1324 429 024 001 98.97
Glass 4991 0.13 30.55 0.10 0.62 0.01 0.16 14.85 327 017 0.00 99.76
Glass 45.84 0.35 30.95 0.03 1.19 0.04 0.55 18.76 044 005 0.00 98.20
Glass 4502 007 3212 011 099 003 0.83 1939 041 002 000 98.98
Glass 46.30 0.60 29.87 0.17 1.52 0.06 0.99 18.15 027 006 0.02 98.02
O8NMBI0
Grt 42.83 0.17 22.11 221 6.90 0.33 19.62 5.56 003 000 0.04 99.80
Cpx 5301 054 4.85 1.17 278 005 1590 1961 158 001 002 99,62 WossEnsoFss
Cpx 5221 0.33 6.45 1.04 3.72 0.16 16.86 17.53 1.34 001 0.03 99.67 WoynEns:Fsy
Cpx 42.56 0.16 21.83 224 6.96 027 19.63 5.69 002 000 0.00 99.36 WoisEnzoFss
Opx 50.81 0.12 942 1.69 722 0.31 27.46 217 002 002 0.00 99.26 WosEng:Fsys
Opx 5247 0.12 7.28 0.62 7.40 0.40 2833 1.96 000 000 0.02 98.60 WosEng:Fss
Opx 55.18 0.16 3.48 0.79 5.55 0.11 31.73 0.90 012 001 0.09 98.09 Wo:EngFsg
Opx 55.37 0.18 341 0.78 584 0.11 3231 092 013 000 0.20 99.26 Wo:EngFsy
Opx 54.87 0.14 329 0.59 574 0.16 3235 0.90 015 000 0.14 98.32 Wo:EngFsg
Sp 0.20 027 5470 858 1254 023 1891 009 000 000 002 95.56 Cr'=9.5
Sp 0.24 013 5504 847 1051 024 1807 007 002 002 010 92.91 Cr'=9.4
Sp 0.26 0.11 54.94 895 10.50 0.28 18.03 0.07 0.00 001 0.00 93.15 Cr'=99
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HER PG, ARG 3 A1 A Wi
Hr 07WNPO4 A i IR AT 18 A0 SO 3B 20 4 LA
Opx+Glass Jy 3, L THREHEHE (£ 1) B-H Opx il
Glass F7H) Na,0 .K,0 FERAL(IET . 1%),5
M A7 1A U — B RAT A A A SR
Ir R HRRE

ATRE A1 N EBTCAL B AT BB AN 52 A oK fik Rk 4%
PR B 5 IR B 52 ) v BB S I 301 02 A A7 O3 ik 1Y
Y, BB T, ORI, BSE EIR TR £
WA G RN R T KA ES AR, 52515
KERR B T A0 GritSp, T A Na, 0|
K, O 43, T M AR R ek i £R s 44 A R B & A
W2 Y Na,O K, 0 540 DA I s e i 445 1A 8 10 il 24
B A0 A 1A S Ot SR AT R A O AR I R R %
B S A R MG R T ) PR RS R N
EE AN LI 13 Ty L BRI ) A 25 SO, b g g L PR
HEET

L R S5 AR 22 0 fifk IR R A0 B g 32 ) 4
A HETEEE IR Z BT ( Moldanubian Zone ) BT 25 Hb {4
AT AR, T YA E A Opx+Sp+Pl ( Obata et
al. , 2013) ; WK AT G BR t Delegate 85 f1 45 it
PR T AR T RO, A Cpx (8
FiEMR %A ) +Sp+An (Keankeo et al. , 2000) ; L5
LG X AT 1Y T M e OB EL AR T Y £
A, AT P45 An+Opx+Sp (Dégi et al.
2010) ; EAA VG PG H 5 Hyblean /& Ji % 25 M R A
T A AR A R LA, SOV T I 2H G Opx+
Sp+PI( Sapienza et al. , 2001) , X L6451k 2255 fiff Al
PRI 1R A B 30 14 b B 7 A 5 36 LUy A R
FAL SOV P20 A B Opx+Sp+Pl, A3
R R 22 W A0 1R 5 A0 S5 A 2 00 e A G 1 S
L, WA Opx+Glass F1 Sp+Glass P A, Ui B 45
e B B2 T MHEG . N E, K
ML R Opx B4R BT A 8, SR o

WA 3% ~17% , H 8 SR T WA B WA Ca B
SRR (Wo<5%) AHEC AT &4 B L RHT
Wi A, HIEH Opx  Cpx [X 43 2 AN [A] B 43 )
Ao BRI A A A o i R A R A B
5 —AFEERE, LR TLAHLIX Opx A & 48
FRAE AR AR R T AR T B R AR Ry, B
ISR IS R A kK

SR S R AU AT O, e A R
FIFaE XA 8 55~70 km DL, i 1 BRARAS A A8 1
AAHBNIR A AL S B ISR N S 454, 33X S T g
I BT YA AEZ — (Xu et al. , 1995; Chen et
al. , 2001; B SE, 2001; Zhang et al. , 2001;
Huang & Xu, 2010) . MEHELEI A, LA T4
ZEAL S A3 MR R TR IR AP 2 1) Tl B ol 7 2 B
Ly BB T o T A O o4 ik AR b R 40 S 42
A IH S 5 R AR R e A R S RS IR
Hby DCER A 165 L b 3 T S [ e 3k e Rk A,
5 WO 20 L R e b AT B R i 7, T
IX S A WS I T S 2 1) AR
4 Z5ig

AT A0 BAT SN S v ) AR e ) —
AN R A SE S I AR ST R RO e
SO0 K L i A A b A A SO 3 B P A
BURA TR Y BRI HL A«

(1) BRECE RS E AR, A8 T 1 RO
NP A T B S BN A R B K
W4 | 7R SONAR Z TFIC, A 4/ 5K dat A4 85 ok 73
JmA

(2) MW7 ol 0 5 Grt
+Sp B Opx+Glass, HENFHIE R RFE N 5 AT
LAY A W BB NSRS SR Y B, 0 )
FEHE R B IDKCIR B0 SN A0 B B AL B

IRPLZE W B DY 20 b A S v P Ao A [ i A1 2 7Y
AR A RN, 105k T b A A S 1 R R 1Y
Job A LA B b I B AR AL R T DT 5, R IR AT M
WES b R A 27 B o3 7 Ak A B Ak Dy sl R T R R
WEHE

Bigt AP A R S sk 2R AT
25 B 2RI FEARETIRA S AT A P B
WE By W R B BT LR R L B BT R L&



5501

WE ST . AR A0 S0 e He o

B —— DI IR S U 22 K 1L R 6] 45

A FHEFHEFPAL,

References

Chen S, O'Reilly SY, Zhou X, et al. 2001. Thermal and petrological
structure of the lithosphere beneath Hannuoba, Sino-Korean Craton,
China; Evidence from xenoliths[ J]. Lithos, 56(4): 267~301.

Chinner G A. 1962. Almandine in Thermal Aureoles[J]. Journal of Pe-
trology, 3(3): 316~340.

Dégi J, Abart R, Trk K, et al. 2010. Symplectite formation during de-
compression induced garnet breakdown in lower crustal mafic granu-
lite xenoliths; Mechanisms and rates[ J]. Contrib. Mineral. Pet-
rol. , 159(3): 293~314.

Fan Qicheng and Sui Jianli. 2001. The granulite-eclogite facies cumulate
xenoliths in Hannuoba area: The evidence of the crust-mantle transi-
tional zone[ J]. Bulletin of National Natural Science Foundation of
China, (1); 23~27(in Chinese with English abstract).

Fan Qicheng, Sui Jianli, Zhao Yongwei, et al. 2008. Preliminary siudy
on garnet peridotite xenolith of Quaternary volcanic rocks in middle
Daxing’an Mountain Range[J]. Acta Petrologica Sinica, 24(11) .
2 563~2 568(in Chinese with English abstract).

Fan Q and Sui J. 2009. Fan Qicheng, Sui Jianli. 2009. Phase transition
of upper mantle rock in China and its significance[ J]. Journal of
Earth Science, 18(3): 387~391.

Fan Qicheng, Zhao Yongwei, Li Daming, et al. 2011. Studies on Quater-
nary volcanism stages of Halaha river and Chaoer river area in the
Great Xing’an Range: Evidence from K-Ar dating and volcanic geol-
ogy features[ J]. Acta Petrologica Sinica, 27(10); 2 827~2 832
(in Chinese with English abstract) .

Fan Qicheng, Zhao Yongwel, Sui Jianli, et al. 2012. Studies on Quater-
nary volcanism stages of Nuomin river area in the Great Xing’an
Range: Evidence from petrology, K-Ar dating and volcanic geology
features[ J]. Acta Petrologica Sinica, 28 (4): 1 092~1 098 (in
Chinese with English abstract) .

Godard G and Martin S. 2000. Petrogenesis of kelyphites in garnet perido-
tites: A case study from the Ulten zone, Italian Alps[J]. Journal of
Geodynamics, 30(1~2) . 117~145.

Griitter H, Latti D and Menzies A. 2006. Cr-saturation arrays in concen-
trate garnet compositions from kimberlite and their use in mantle ba-
rometry[ J]. Journal of Petrology, 47(4) : 801~820.

Huang X and Xu Y. 2010. Thermal state and structure of the lithosphere

beneath eastern China; A synthesis on basalt-borne xenoliths[ J].

Journal of Earth Science, 21(5) : 711~730.

Kargin A V, Sazonova L V, Nosova A A, et al. 2019. Phlogopite in man-
tle xenoliths and kimberlite from the Grib pipe, Arkhangelsk prov-
ince, Russia: Evidence for multi-stage mantle metasomatism and ori-
gin of phlogopite in kimberlite[ J]. Geoscience Frontiers, 10(5) :
1941~1 959.

Keankeo W, Taylor W R and Fitzgerald J D. 2000. Clinoferrosilite-bear-
ing kelyphite: A breakdown product of xenolithic garnet, Delegate
breccia pipes, New South Wales, Australia[ J]. Mineral. Mag. , 64
(3): 469~479.

LiuJ Q, Chen L H, Zeng G, et al. 2016. Lithospheric thickness con-
trolled compositional variations in potassic basalts of Northeast China
by melt-rock interactions[ J]. Geophys. Res. Lett. , 43(6) . 2 582
~2 589.

Mukhopadhyay B. 1991. Garnet breakdown in some deep seated garnetif-
erous xenoliths from the central Sierra Nevada: Petrologic and tec-
tonic implications[ J 1. Lithos, 27(1): 59~78.

Niida K. 1984. Petrology of the Horoman Ultramafic Rocks in the Hidaka
Metamorphic Belt, Hokkaido, Japan[J]. Journal of the Faculty of
Science, Hokkaido University. Series 4, Geology and mineralogy,
21(2): 197~250.

Obata M, Ohi S and Miyake A. 2014. Experimental synthesis of isochem-
ical kelyphite—A preliminary report[ J]. Journal of Mineralogical &
Petrological Sciences, 109(2) . 91~96.

Obata M, Ozawa K, Naemura K, et al. 2013. Isochemical breakdown of
garnet in orogenic garnet peridotite and its implication to reaction ki-
netics[ J]. Mineral. Petrol. , 107(6) ; 881 ~895.

Qi Q, Taylor L and Zhou X. 1995. Petrology and Geochemistry of Mantle
Peridotite Xenoliths from SE China[ J]. Jounal of Petrology, 36
(1):55~79.

Reid A M and Dawson J B. 1972. Olivine-garnet reaction in peridotites
from Tanzanial J]. Lithos, 5(2): 115~124.

Sapienza G, Scribano V and Calvari S. 2001. Kelyphitic breakdown of
garnets from pyroxenite xenoliths, south-eastern Sicily, Ttaly [ J].
Peridodico di Mineralogia, 70(3) : 377 ~386.

Spacek P, Ackerman L, Habler G, et al. 2013. Garnet breakdown, sym-
plectite formation and melting in basanite-hosted peridotite xenoliths
from Zinst ( Bavaria, Bohemian Massif) [J]. Journal of Petrology,
54:1691~1 723.

Su B, Zhang H, Tang Y, et al. 2011. Geochemical syntheses among the
cratonic, off-cratonic and orogenic garnet peridotites and their tec-
tonic implications[ J]. International Journal of Earth Sciences, 100

(4): 695~715.



46 F=

PR N 7/ B /S

41 3

Sui Jianli, Fan Qicheng and Xu Yigang. 2012. Discovery of garnet peri-
dotite xenoliths from the Nuomin Quaternary volcanic field, the Great
Xing’an Range, and its geological siginificance[ J]. Acta Petrologica
Sinica, 28(4): 1 130~1 138(in Chinese with English abstract) .

Sui Jianli, Li Ni, Fan Qicheng, et al. 2014. Phlogopites and potassic
melts in mantle xenoliths from Nuomin volcanic field, northern Great
Xing’an Range[ J]. Acta Petrologica Sinica, 30(12) : 3 587~3 594
(in Chinese with English abstract).

Xiao Y, Zhang H F, Liang Z, et al. 2018. Origin of sapphirine- and gar-
net-bearing clinopyroxenite xenoliths entrained in the Jiande basalts,
SE Chinal J]. Lithos, 304~307. 95~108.

XuY G, Lin CY, Shi L B, et al. 1995. A petrological paleogeotherm of
the upper mantle of eastern China and its geological implications
[J]. Science in China (Series B), 25(8) . 874~881.

Zhang HF, Sun M, Lu F X, et al. 2001. Geochemical significance of a gar-
net lherzolite from the Dahongshan kimberlite, Yangtze Craton, southern
China[J]. Geochemical Journal-Japan, 35(5) : 315~332.

Zhang Z C, Mao ] W, Wang Y B, et al. 2010. Geochemistry and geo-
chronology of the volcanic rocks associated with the Dong’an
adularia-sericite epithermal gold deposit, Lesser Hinggan Range,
Heilongjiang province, NE China, Constrainis on the metallogenesis
[J]. Ore Geology Review, 37(3~4): 158~174.

Zhao Y W, Fan Q C, Bai Z D, et al. 2013. Quaternary volcanism in the
Nuomin River and Kuile river area of the greater Hinggan Mountains

[J]. Science China Earth Sciences, 56(2): 173~181.

Zhao Y W, Fan Q C, Zou H B, et al. 2014. Geochemistry of Quaternary
basaltic lavas from the Nuomin volcanic field, Inner Mongolia: Im-
plications for the origin of potassic volcanic rocks in Northeastern

China[J]. Lithos, 196~197(0) : 169~ 180.

Bt 32 228 STk

UL, B AL, 2001, DU IURRRL A A — AR W A R R
PRt A RS (1], P ERESES, 15(1): 23~
27.

B, FEAET. 2009. P EZR R LA A AR AR R L[]
HERBIE, 34(3) : 387~391.

SR, BB, BT, 2. 2008, KOSECIS HTAS L0 K 1
AR BB R I B AT (1], A A EH, 24(11) .
2 563~2 568.

BRI, XBAAR, 2E0CH, A5 2011 S WA T — /R 4 Y
KA K-Ar AR 5 LM RRRAE D). A A2, 27
(10) ; 2 827~2 832.

BUELE, BXEER, BEEEST, 4. 2012, KO%IAATERLITAS pU 2 Kl
ol AA, RS KLRRRE[T]. A AR, 28(4) .
1092~1 098.

Ry, BERUI, 9 R 2012, R0 B0 A0 1 A RS 24
W R ICH TR L[ T]. AA%H, 28(4): 1 130~1 138.

REgsr, 2% 95, SEMLE, 5. 2014, RO4ZIR LA M 4
BER B BUBMIRADTSE[T]. A5k, 30(12) : 3 587~3 594.



