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A study of gemological and mineralogical characteristics and color zonation of
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Abstract: Gem-quality garnets in Jinan of Shandong Province occur on the northern margin of the middle basic rock
mass in the urban area. Because of badly ruined profiles and lack of gemological reference gemological instrument

FTIR EPMA and UV-VIS were used to investigate the characteristics of Jinan garnets. Jinan garnet’s host rocks can
be divided into earlydformed skarn and late{formed pegmatite. Skarn garnet crystals are subhedral to unhedral in form

and their main component is andradite with minor grossular mainly black-palm red or orange red and minor green in
color. The pegmatite garnet’s crystals are mainly of euhedral rhombic dodecahedron shape mainly in green or yellow
color and the component is mainly grossular with minor andradite. Inclusions of pegmatite garnets are mainly needle—
like actinolite and feldspar crystal inclusions. Jinan garnet crystals can show obvious bands of black—reddish brown-

yellow-yellowish green-green color from the early epoch to the late. Green garnets have the characteristics of abnormal

1 2020-06-20; 1 2020-12-01;
: ( ) (X201911415402) ; ( DD20190379)
(1999- ) E-mail: 1009171217@ cugb.edu.cn; : (1964- )
E-mail: yuxy@ cugb.edu.cn.



582 40

extinction uneven Cr content high Fe-Ti-Cr content in dark green rims and low content of Y. Black garnets have
high Ti content and contain black spinel inclusions. The spinel and actinolite inclusions in Jinan garnets are differ—
ent from gem—quality garnets of other regions.
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Fig. 1 Geological sketch map of Jinan and locations of garnet sampling ( modified after Xie et al. 2017)
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Fig. 2 Crystal characteristics of Jinan garnets
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a—green and yellow garnet druses accompanied by feldspar sphene and other minerals; b—green garnet rhombic dodecahedron crystals with hexa—
gonal inclusions; c—growth lines of garnet surface; d—garnet in euhedral shape accompanied by unhedral feldspar; e—parallel connection of yellow

garnets; f—yellowish green rainbow garnet druses
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Table 1 Gemological characteristics of garnets from Jinan



585

3

(W9);

0.03 mm (

Fig. 3 Microscopic features of garnets from Jinan using polarizing microscope
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a—horsetail black inclusions that only appear in the green garnets plainlight; b—anomalous extinction of garnet crossed nicols; c—anomalous

extinction of garnets crossed nicols; d—anomalous extinction of garnets band crossed nicols; e—anomalous extinction of skarn garnet

nicols; f—gasiquid fluid inclusions of skarn garnet plainlight
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4
Fig. 4 Infrared spectrum characteristics of Jinan garnet and associated minerals
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2 em™!
Table 2 FTIR peaks of garnets and paragenetic minerals
fem™
WI1H1 936.856.830.608.542.474.430
W3H1 931.855.829.606.540.473.429
W4H1 929.856.830.608.542.473.429
W5H2 962.859.835.611.545.473.440
W6H1 948.842.830.608.542.481.440
W7H2 948.842.521.481.444
W8HI 952.855.829.611.53 926
WI10H6 444.842.941
955.862.616.556.485.455 (1982)
WI10H9 723.530
400~700 (1982)
WI11H2 427.597.727.771.1 018.1 053.1 087 ( )
430.467.537.584.607.650.728. 772.1 018.1 052.1 085.1 140 ( ) (2018)
WI11H9 424.528.597.715.1 018.1 040.1 158 ( )
425.530.597.646.718.1 040.1 160 ( ) (2002)
Y2H3 962.1 023.1 097.1 197
950~1245 4 (1982)
Y1H2 421.489.538.765.936.1 026.1 084
430~580 900~1 100 3 (1982)
607.584.537.467.430 cm”' 2018) 35.36% ~38.09% 36.30%) .0.
( 425 cm’”! 18% ~1.29%( 0.76%) .5.15% ~ 12.19%(
530.597.646.718 cm™' 4 1 040 8.18%) .11.68% ~21.36% ( 17.45%) . 34.
em”! 1 160 em™ 349% ~35.83%( 34.96%) . Cr,0,.Mn0.Ga,0,
: 2002) ( 4de) - 0.00% ~ 0.05% ( 0.01%) 0.
N v 04%~0.17%( 0.10%)  0.00% ~0.04%(
0.01%) .
- Grew (2013)
- - 4,
- ; ( Gro) (24.10% ~59.55%)
. . ( And) ( 38.57% ~75.55%)
3.3 ( Alm) ( 4).
~ (Pyr) . ( Spe) . ( Uva)
( Y-3) . 1%
( 95)
o 16 ( Y3DI ~ 5 Y3
Y3D16) Y3D1 ~Y3D4
Y3D5~Y3D8 Y3D9~Y3Dl11 N N
Y3D12~Y3D14 N
Y3D15.Y3D16 24.10% ~59.55%  38.57% ~75.55%
( 3) (Y3) ”( Johnson et al. 1995;

Si0,+ Ti0,« Al,0,."FeO. CaO 2019) .
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Table 3 EPMA data of garnet compositions
SIOZ T102 Alz 03 Cr2 03 TFCO MnO MgO Ca0 YZ 03 Ca2 03 Total
Y3D1 37.16 0.87 11.52 0.00 13.08 0.15 0.04 35.83 0.00 0.02 98.63
Y3D2 38.09 0.65 12.07 0.03 11.68 0.17 0.02 35.40 0.00 0.00 98.09
Y3D3 36.75 0.77 10.40 0.00 14.64 0.14 0.03 35.41 0.00 0.00 98.14
Y3D4 37.50 0.64 12.19 0.03 12.16 0.17 0.02 35.46 0.00 0.04 98.19
Y3D5 36.08 1.00 6.72 0.00 18.71 0.07 0.00 35.01 0.03 0.01 97.59
Y3D6 35.70 0.43 5.84 0.04 20.84 0.07 0.01 34.54 0.00 0.00 97.47
Y3D7 35.48 0.41 5.56 0.00 21.36 0.07 0.00 34.65 0.00 0.00 97.56
Y3D8 35.91 1.13 7.88 0.02 17.23 0.08 0.01 34.69 0.03 0.00 96.96
Y3D9 36.70 1.29 8.62 0.01 16.63 0.10 0.01 35.44 0.00 0.03 98.81
Y3D10 35.93 0.81 7.74 0.00 18.14 0.07 0.02 34.76 0.00 0.00 97.46
Y3DI11 36.32 0.60 8.06 0.00 17.88 0.11 0.00 34.79 0.02 0.00 97.75
Y3D12 36.24 0.61 8.38 0.02 17.20 0.08 0.01 35.05 0.02 0.00 97.60
Y3D13 35.78 1.00 5.78 0.05 20.74 0.06 0.00 34.60 0.00 0.00 98.01
Y3D14 35.36 1.54 5.15 0.00 21.08 0.07 0.03 34.34 0.00 0.00 97.60
Y3D15 35.90 0.20 7.33 0.00 19.17 0.04 0.00 34.39 0.03 0.00 97.04
Y3D16 35.89 0.18 7.71 0.01 18.75 0.09 0.01 34.95 0.05 0.00 97.60
4 wy /% 7 Al,0,.Si0,.MnO.MgO. CaO
Table 4 Calculated end-number molecular data of garnet
Alm And Gro Pyr Spe Uva ‘TFeO
Y3D1  0.00  44.67 5486  0.16 0.32 0.00 “Y.0
Y3D2 135 3857  59.55  0.07 037 0.09 N
Y3D3  0.00  50.28  49.31 0.11 0.30 0.00
Y3D4  0.00  41.08 58.30  0.07 0.38 0.09 ; TiO,« Cr, 0O,
Y3D5  0.00  66.16  33.63  0.00 0.15 0.00 TiO
Y3D6  0.00  73.18  26.48  0.03 0.17 0.12 g
Y3D7  0.00 7555 2410  0.00 0.16 0.00 Cr, 0, '
Y3D8  0.00  60.49  39.17  0.04 0.17 0.07 Ga, 0,
Y3D9  0.00 5721 4247  0.04 0.22 0.04 . ALO,.Si0,
Y3DI0  0.00  63.16  36.63  0.06 0.15 0.00
Y3DI1  0.00  61.67 38.07 0.0l 0.25 0.00 A 7
Y3DI2  0.00 59.97  39.70 0.03 0.18 0.07 ; MgO
Y3D13  0.00 7220  27.47  0.00 0.13 0.15 i
Y3D14  0.00 7416  25.41 0.11 0.15 0.00 T Al
Y3DI5  0.00  66.50 3336 0.00 0.09 0.00 !
Y3D16  0.00 65.60  34.05 0.05 0.21 0.02 ( 1958) TiO,
Alm— ; And— ; Gro— v Pyr— ( > 8%) TiOz
+ Spe i Uva— : (0.4% ~1.6%) .
6 Y3 "FeO  ALO,
o 6
.
Fe .
e0 Ti
Al O,
Si AL\ Ti. ;
° Al.Ga Fe.
7 Y3 Ti Y
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Fig. 5 Triangular diagram of end-members of Jinan garnet
( modified after Grew et al. 2013 the points are colored
the same as the garnet’s color bands)
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7 (Y3)
Fig. 7 EPMA results of garnet grainY -3
; 1~16 Y3D1~Y3D16
The backgrounds are colored the same as the garnet bands; 1~16 mean the point number Y3D1~Y3D16
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Fig. 8 UV-visible spectrum characteristics of Jinan garnets
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