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A study of gemological and mineralogical characteristics and color zonation of
garnets from Jinan, Shandong Province
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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 gamets. Jinan garnet’s host rocks can
be divided into early-formed 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
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of abnormal 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 gar-

nets are different 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
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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, crossed

nicols; f—gas-liquid fluid inclusions of skarn garnet, plainlight
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Infrared spectrum characteristics of Jinan garnet and associated minerals
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Table 2 FTIR peaks of garnets and paragenetic minerals
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W10H6 444 842 941 ENjiival AL
955 862 616,556,485 455 AR A B 3CIHE(1982)
W10H9 723 530 R AR
400~ 700 1~ W Wi BRMA 3 (1982)
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W11H9 424 528 .597.715.1 0181 040.1 158 Ka(AxA) AL
425 530,597,646 718 .1 040 .1 160 KAa(AEA) W (2002)
Y2H3 962.1 023.1 097 .1 197 SRR AL
950~ 1 245 1) 4 AFW I stk w3 (1982)
Y1H2 421,489 538,765 9361 026 .1 084 iikoRa) AR
430~580 #1900~ 1 100 4547 3 AN SEM i I HiA A 23 (1982)

607 584 537 467 430 cm™' WHiE, BHH, 2018)
H YA (LHMNFIEIEALEE 425 em ™" BT AG 50 T S04 |
530,597 .646 718 cm™" [T AY 4 455K II% 1 040
em™ " BRFUT A4 i I AL RAR AT 1160 em ™ BRFIT 1) 55 W
W ; 55, 2002) (Kl 4e) |

S5 G LT AT i A B AR A RS FRAR A A
WAA HE 2 & A B Y i 2Rt R A
A%, ELAT R AT B B 1 B 8 s A AR -
PR S AR AR A B AR A 1 B e R AR L
BSRI B ARAL ; Bl R SRR KR A,
WA ISR A S R S R,
3.3 BFERIHEI SN

R T AT R A AR A A R R T R A | R
G RENLDSIPO R SRS S ISR IEANCERZ i VP AR i
BORL(RES Y-3) AT T ML FHRE o T, IR
HIER R TR S €0, R 2 68 308 Hh I Bt AN A 41
I, H P ) AR E 16 S 2 (Y3DI ~
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Y3D5 ~ Y3D8 i THAMMAE 4k F a4t , Y3D9 ~ Y3D11
T8RS0 Y3D12 ~ Y3D14 v T4 1l 58
TRERINAT ,Y3D15 ,Y3D16 o F ks f5e N A 4T (5. 26
RIS R (52 3) Won, AR A (Y-3)
) 1 E 4> Si0,  Ti0, , ALO, "FeO , CaO fY £ 48

NGB 4350 K 35. 36% ~38. 09% (“F-3 4 36.30%) .
0.18%~1.29% (*F-3¥1°/ 0.76%) .5. 15% ~ 12. 19%
(FH4 K 8. 18%) . 11. 68% ~ 21. 36% (F 1 K
17.45%) . 34. 34% ~ 35. 83% (V- 34. 96%)
Cr,0, MnO, Ga,0, & 1 43 51k 0. 00% ~ 0. 05%
(FH124 0. 01%) 0. 04% ~0. 17% (F1 4 0. 10% )
H10.00% ~0. 04% (V-1 0.01%) .
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B FE N ESERAE A (Gro) (24. 10% ~59. 55%)
SR AT (And) (38.57% ~75.55%) , RA — k¢
HEAYPERA(Am) T (£ 4), BHEWDER
BEEARE A (Pyr) GGERHI A (Spe) VESHHE A (Uva) 43
o B& Y3D2 Ab, B5ER AR A RN ES 2R AR A LA A I A R
AHFIRE 1%,

AR A = AR (ES) SR T ARAa
HI Lo Lefl . F B S AT, B R AR A R A Y3 7
LR B TSRS A RS B A B LR L
BRERR A BEER AR R A VSRR A M
[ A, ESERAR A B ERAR A 1 3 Y L 430k
24.10% ~59. 55% F1 38. 57% ~15. 55% , 3% — J§. 73 5
fETL T “ S B A" (Johnson et al. , 1995; #X /&
&, 2019) .
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Table 3 EPMA data of garnet compositions

5 Si0, TiO, Al O, Cr, 04 TFeO MnO MgO Ca0 Y,0; Ga, 05 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
Y3D11 36.32 0. 60 8.06 0.00 17.88 0.11 0. 00 34.79 0.02 0. 00 97.75
Y3DI12 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

x4 ABAWEESITEHE w0,/ %

Table 4 Calculated end-number molecular data of garnet
e Alm And Gro Pyr Spe Uva
Y3D1 0.00 44. 67 54. 86 0.16 0.32 0.00
Y3D2 1.35 38.57 59.55 0.07 0.37 0.09
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
Y3D5 0.00 06. 16 33.63 0.00 0.15 0.00
Y3D6 0.00 73.18 26.48 0.03 0.17 0.12
Y3D7 0.00 75.55 24.10 0.00 0.16 0.00
Y3D8 0.00 60. 49 39.17 0.04 0.17 0.07
Y3D9 0.00 57.21 42.47 0.04 0.22 0.04
Y3D10 0.00 63.16 36. 63 0.06 0.15 0.00
Y3DI11 0.00 61.67 38.07 0.01 0.25 0.00
Y3D12 0.00 59.97 39.70 0.03 0.18 0.07
Y3D13 0.00 72.20 27.47 0.00 0.13 0.15
Y3D14 0.00 74.16 25.41 0.11 0.15 0.00
Y3D15 0.00 66. 50 33.36 0.00 0.09 0.00
Y3D16 0.00 65. 60 34.05 0.05 0.21 0.02

Alm—ERAAH A And—85 80 1 ; Gro—45 R G ; Pyr—EE R
f1; Spe—HhEAEA Uva—4554& 04
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Fig. 5 Triangular diagram of end-members of Jinan garnet
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(modified after Grew et al. , 2013, the points are colored
the same as the garnet’s color bands)
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