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Carbonates and sulfates-bearing melt inclusions in corundum megacrysts
from Changle basalts of Shandong Province and their implications

SONG Yu-cai'*? and HU Wen-xuan®
(1. Institute of Geology, CAGS, Beijing 100037, China; 2. State Key Laboratory of Mineral Deposit Research, Department
of Earth Sciences, Nanjing University, Nanjing 210093, China)

Abstract: Corundum megacrysts (sapphires) hosted by Changle Cenozoic basalts of Shandong Province contain various
melt inclusions, whose compositions are of significance in understanding the mantle metasomatism beneath the North Chi-
na Craton and the parent magma of the corundum megacrysts. Based on petrographic observation and detailed
laser Raman analysis, the authors identified two types of melt inclusions: one is primary melt inclusion rich in
carbonates and sulfates and the other is secondary melt inclusion containing sulfates and chloride, with CO, and
H,0 existent in both of them. This is the first time that sulfate and carbonate are recognized in fluid/melt inclu-
sions from basalt-hosted corudum megacrysts. The compositions, combined with existing isotopic compositons of
noble gases and microthermometry of the inclusions, imply that they are a kind of carbonatite that propably orig-
inated from metasomatized mantle. The authors thus hold that the mantle beneath the North China Craton
might have experienced metasomatism of carbonates and sulfates-bearing melts (carbonititic magma) besides sili-
cic melts. The carbonates and sulfates identifed in primary inclusions suggest that they must have played an im-
portant role in corundum crystallization. The corundums probably resulted from the interaction between mantle-

derived carbonatites andsilicic magmas/rocks, and were transported to the surface by subsequent basaltic lava.
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Location of the study area and distribution of Cenozoic basalts in Shandong Province (after Song
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a b—a swarm of type B, inclusions arrow-marked coexisting with CO;-rich inclusions solid triangle-marked . The regular growth of the
inclusions indicates that they are primary origin c—type By inclusions arrow-marked coexisting with CO,-rich inclusions solid triangle-marked

d e f g—inclusions with complex phases usually consisting of different glasses + several crystalline phases + CO,-rich phase
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Fig.5 Representative Raman spectra of solid phases in type By inclusions
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1 1

b—unheated sample with Raman peaks of
-1

a—unheated sample with Raman peaks of hydrate sulfate 996 ecm™ ' and carbonate 1076 cm™

sulfate or gypsum 984+1007 cm™ '  c—unheated sample possibly with carbonate-sulfate mixtures 995+ 1 066 cm d—unheated sample

with sulfate 993 cm™ ! and nahcolite NaHCO; 1046 cm™! e f—samples heated up to 1250~1300 C and then cooled down to room temper-

ature with the disappearance of hydrates and the appearance of H,O Mg-calcite 1087 em ™' nahcolite 1046 em™ ' SOF™ 983 em ! gyp-

sum 1006 cm™ ' and sulfates 992 994 em™! % denotes Raman shifts of corundum Raman shifts marked by column numbers are not to be
discussed in this paper Raman shifts marked by framed numbers denote a kind of hydrate composed of carbonate
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Table 1 Main Raman shifts of solid phases in type B; melt inclusions
em !
FA-C-1-1-gl-1 589 897 987 1006 1043 1049 1089 A’ + HRS
FA-C-1-1-gl-2 589 897 984 1007 1090° A’ + HRS
FA-C-1-2-gl-1 588 897 992 1066 1087° A + HRS
FA-C-1-2-gl-2 587 899 995 1066 1085 A’ + HRS
FA-C-1-3-gl-1 587 896 993 1046 1089 ' A + + HRS
FA-C-1-3-gl-2 588 1066 1089 A + HRS
FA-C-1-4-gl-1 589 999 1066 1090° A’ + HRS
FA-C-1-5-gl-1 590 616 638 897 996 1076 1090° A’ + + - LRS
FA-C-1-5-gl-2 590 616 638 897 996 1076 1090° A’ + - LRS
FA-C-1-6-gl-1 589 898 993 1066 1087° A’ + HRS
FA-C-1-6-gl-2 588 898 994 1066 1088 A’ + HRS
FA-C-1-7-gl-1 588 995 1067 1090° A’ + HRS
FA-C-1-8-gl-1 587 994 1087° A + HRS
FA-C-1-8-gl-2 588 994 1065 1089° A’ + HRS
FA-C-1-8-gl-2a 588 995 1066 1089 + HRS * HO
FA-C-1-9-gl-1 589 1065 1089° A’ + HRS
FA-C-1-10-gl-1 589 993 1066 1089" A + HRS
FA-C-1-10-gl-1a 589 993 1066 1087° A + HRS
FA-C-1-10-gl-2 995 1066 1086 + HRS
F-C-8-1-gl-1 983 SOF- HRS
F-C-8-1-gl-2 589 1089° A’ HRS
H-FA-C-1-1 983 992 1046 1087° H,O' SO+ + + HRS
H-FA-C-1-2 983 1046 1087 H,O' SO;™ + + HRS
H-FA-C-1-3 994 1006 1087 H,O' + + HRS
H-FA-C-1-4 998" H,Y HRS
A “ 1504 +1504+3250+3281 em" H,O' LRS LabRam-
010 HRS U.S. Geological Survey Reston AJY Horiba LabRam HR
Burke 2001 Frezzotti and Tecce
2001 Golovin ez al. 2008  ©992~999 + 1 065
1066 cm ! 5S¢ -
Golovin et al. 2008 ©1046 em ' 5d 10~100 pm 6b
Burke 2001 CO,
1250~ + + + +
1 300C 6¢
1 Se 5f 3200~3800 cm ! 6¢c 6d
6e
6f 6g
1087 1046 983 992~994 1006 cm ! 6h 6i
Burke 2001 6h 6d 61 H,O
NaHCO; Burke 2001 SO;~ Burke 2001
Golovin et al. 2008 Burke 6¢
2001 H,O +
HO CO, CO, 6c
3.2 G 6g 6i
Cs CO, H,0O- Cs
CO, 6a 6b 2
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Fig. 6 Secondary type Cs melt inclusions
a b—Cs CO, H,0-CO,
—Cs O, + HO o+ + d— 0,
e— f— a— h i—

a b—type Cs inclusions arrow-marked coexisting with CO,-rich inclusions void triangle-marked and H,O-COs-rich inclusions solid triangle-
marked in fractures c—phases in type Cs inclusions usually composed of CO;-rich phase H,O-rich phase glass and halite daughter minerals d—
CO,-rich phase occupying higher volumetric proportion of the total inclusion e—two halite daughter minerals present f—halite daughter mineral
occupying higher volumetric proportion of the total inclusion g—nhalite daughter mineral occupying lower volumetric proportion of the total inclu-

sion h i—inclusions that contain column-shaped daughter minerals
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Table 2 Main Raman shifts of solid phases in type Cs melt inclusions
cm !
537 678 878 981 1004 1086 1 140
FA-C-3-1-b-1 1384 C RO + LRS
FA-C-3-1-b-2 879 982 1 380 " HO SO + LRS
FA-C-3-1-L-1 878 981 1004 1084 1164 " HO + LRS
FA-C-3-2-b-1 630 879 982 1009 1166 1383 H,O LRS
FA-C-3-2-b-2 452 620 628 995 1081 1204° H,O + LRS
FA-C-3-2-1L-1 876 981 1138 1164 1381" H,O SO;~ + LRS
FA-C-3-2-1.-2 468 879 981 1009 1 166 1383 H,O' LRS
FA-C-3-3-L-1 453 621 630 993 1082 1204° H,O' + LRS
FA-C-3-4-b-1 877 980 1044 1266 SO;™ + LRS HO'
FA-C-3-4-1L-1 877 981 1004 1046 H,O' SO + LRS H,O'
FA-C-3-9-b-1 982" H,O' SO LRS
FA-C-3-13-Z-1 879 982 1007° HO' LRS
FA-C-3-1-7-H-1 706 992 1006 1087 + + HRS R0
FA-C-3-1-7-S-1 453 622 630 706 994 1009 1085 1206 + HRS H,O'
FA-C-3-3-3-gl-1 878 981 1009 HRS HO
FA-C-3-3-5-gl-1 877 981 1088 SO + HRS ' HO
FA-C-3-3-8-gl-1 982 1005 1140 1165 HRS HO'
FA-C-3-3-8-gl-2 454 623 631 994 1006 1084 1204 + HRS H,O'
FA-C-3-4-gl-1 1087 HRS HO’
FA-C-3-4-gl-2 877 992 1084 + HRS H,O'
FA-C-3-4-gl-3 982 1007 HRS H,O'
FA-C-3-5-gl-1 982 SOz~ HRS H,O'
F-C-10-4-b-1 450 620 630 980 993 1204° H,O SO;™ + LRS
F-C-10-4-b-2 452 620 630 993 1084 1204 H,O + LRS
F-C-10-4-7Z-1 980" H,OY SO3 LRS
F-C-10-13-h-1 983" H,O' SO; LRS
F-C-10-13-b-2 453 622 630 993 1084 1204 H,O' + LRS
F-C-10-13-b-3 453 622 630 993 1084 1204° H,O + LRS
F-C-10-13-Z-1 674 1014° H,O LRS
F-C-10-15-b-1 451 621 631 993 1101 1131 1151° H,O LRS
F-C-10-15-L-1 982 991' H,O' SO;~ + LRS
F-C-10-15-G-1 961 982 992° H,O' +S07 + LRS
F-C-10-15-Z-1 992" H,O' LRS
F-C-10-17-b-1 452 620 630 993 1083 1204' H,O + LRS
F-C-10-17-G-1 452 620 630 992 1084 1204 * H,O + LRS
F-C-10-17-L-1 450 620 630 647 991 1099 1129 1151° H,O LRS
F-C-10-17-Z-1 982 992 1206 * H,O' LRS
FCA10-1-G-1 620 1 1460321 » 982 994 1006 1083 1116 n HRS H,O'
F-C-10-1-gl-2 451 620 630 992 1084 1100 1130 1151 + HRS H,O'
F-C10-1-g13 453 620 630 993 1084 1100 1 130 . HRS H,O'
1204
F-C-10-1-Z-1 983 992 SO2 + HRS RO
F-C-10-2-gl-1 980 1084 1135 SO + HRS HO
F-C10-3-gl1 4115116462102830 982 994 1005 1084 1116 1138 " HRS HO
F-C-10-3-gl-2 450 621 632 993 1101 1131 1152 HRS HO
F-C-10-3-gl-3 983 1007 1142 1166 HRS HO'
H-F-C-3-1 982 SO;~ HRS HO
H-F-F-C-3-2 980 SO;~ HRS HO
" HO H,O LRS
LabRam-010 HRS U. S. GeologicalSurvey Reston AJY Horibal.abRamHR
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Fig. 7 Representative Raman spectra of solid phases in type Cs inclusions
e

%
% denotes Raman shifts of corundum Raman shifts marked by line numbers corresponding to materials marked in the figures the sample in e

was heated up to 1 250°C  whereas the other samples were unheated
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D450 —453 + 620 621 +
630~632+991~994+1099~1102+1129~1132 4
+1 151 ~1 153 em™! Ta
@ 451+ 620 + 630 632 +994 +1 116 + 1 138 4.1
1140+1164 cm ™!
1000~1200 cm ™! 3 3 3 Dak-
Nong Smirnov et al. 2006 Bo Poli
7b (3450 ~453+ 620 + 630 +992~995 + 1 203 Srithai and Rankin 2006 Nezamet-
~1206 cm ™! O @ 400~  noye Graham ez al. 2008
1000 em ™! Tc @ Si Al K Na
876~879+980 982+ 1 004~1009 cm ! B, New England
®) Fe Al Mg Ti
7d  ®980~983 cm ! Si Coenraads 1992
7e 71 7h
SO,% SO,%~ Burke 2001 Wang et al.
2006 ©1044+1266 cm ! 7t @
674+ 1 014 cm ! 7g Burke
2001 ®961 cm™! 7h
Burke 2001 1084 ~1 088 cm ! 2008
991995 cm ! 2
Burke 2001 Burke
2001 Frezzotti and Tecce 2001 Golovin et al.
2008 1081 1082 cm ! A A 2008 Fe
Burke 2001 * H0O Ti B B, B 2008
Gs
Fe Ti
H,0
CO, N, H,S 2006
3
Table 3 Compositions of solid phases in melt inclusions within corundum megacrysts from basaltic
terrains of various places in the world
Fe Al Si Mg SO, 0.76% ~5.65%  22.16% ~ 33.8% TiO,
New England 0.02%~0.95% 0.00~0.48% ALO; 4.72% ~13.71%  20.39% ~30.55% Coenraads 1992
FeOtotal 60.73% ~76.00%  17.82% ~43.54%
Dak-Nong SiO, 56.95% 60.19% TiO, 0.15% 0.13% ALO; 30.16% Smirnov et al . 2006
24.65% FeOtotal 0.29% ~0.11% NaO 5.47% 4.17% K,O 1.00% 1.17%
SiO, 60.20% ~62.96% TiO, 0.09% ~0.30% ALO; 25.98% ~
Bo Poli 28.91% FeOtotal 0.26% ~0.59% Na,O 4.23% ~4.81% K,O 3.18% ~5.19% Srithai and Rankin 2006
CaO 0.31% ~0.74%
Nezametnoye SiO, 59% ~64% ALO;  20% Na,O 1% ~10% K,O 2% ~6% Graham et al. 2008
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