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A study of the inclusions in phenakite and the formation conditions of phenakite

GAO Shi-jia and BAI Feng
(School of Gemology, China University of Geosciences, Beijing 100083, China)

Abstract: The formation conditions of phenakite were studied through investigating its gas-liquid inclusions by
means of Laser Raman spectrum analysis and microscopic heating/cooling stage. The observation of phenakite
samples revealed numerous randomly-distributed yellow acicular transparent solid inclusions, a few red granular
opaque solid inclusions, lots of gas-liquid inclusions and healed cracks. The gas-liquid inclusions in phenakite
were divided into two types according to their forms and substances. Type [ included rich liquid two-phase
H,0O-NaCl inclusions ( I a) and pure liquid HO-NaCl inclusions ( I b), whereas Type Il could be further divid-
ed into three-phase H,O-NaCl-CO, inclusions containing liquid CO,( Il a) and two-phase H,O-NaCl-CO, inclu-
sions without liquid CO,( [ b). Then some gas-liquid inclusions of different types with clear demarcated gas part
and liquid part were chosen to do further test. Using Laser Raman spectrum analysis, the authors affirmed that
phenakite is a kind of silicate which contains Be as the matrix for inclusions, and that the gas part of the gas-
liquid inclusions contain such components as CO, and water vapor, whereas the liquid part is NaCl aqueous solu-
tion with the dissolution of a little CO,. Two different gas-liquid inclusions were chosen for microscopic heating/
cooling stage test, and the results show that the homogenization temperatures of the inclusions are from 378.97C
to 425.5C by homogenization method, and their freezing points are about — 12.1 ~ — 6.3C by freezing
method. These data were used to figure out the salinities of these inclusions, which are 9.60% ~16.14% . Cal-
culations show that the homogenization pressures range from 234 .44 MPa to 428.56 MPa. The formation tem-
perature and the formation pressure of phenakite estimated from homogenization temperature and homogeniza-
tion pressure are about 378.9~425.5C and 234.44~428.56 MPa respectively.
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Fig. 2 Inclusions in phenakite samples
a— 1 b— 1 c— 2 d— 2
e— 2 f— 3 g— 3 h— 4
a—solid inclusions in Sample No. 1 b—solid inclusions and healed fracture in sample No. 1 c¢—solid inclusions in Sample No. 2 d—gas-liquid in-
clusions in Sample No. 2 e—healed fracture in Sample No. 2 f—gas-liquid inclusions in Sample No. 3 g—healed fracture in Sample No. 3 h—
gas-liquid inclusions in Sample No. 4
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Fig. 3 Different kinds of inclusions in phenakite samples
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Fig. 4 Raman spectra of phenakite samples in comparison with standard curve
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Fig. 6 Laser Raman test points a b on the gas part of gas-liquid inclusions in phenakite samples and Raman spectra ¢ d
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1
Table 1 Analyses of Raman spectra of gas-liquid inclusions in phenakite sample
em !
1019.8 950.07 916.78 Si—O—Si
525.16 444.29 Si—O—Si
878.73 777.25 704.32 599.68 Be—O
384.04 347.58 279.4 220.74 160.49
3874.1 3422.5 H,O
1742.3 1638.4 H,O
1400.2 1299 CO,
1124.5~160. 46
3911.5 3435 H,O
1384.9 CO,
1124.5~160.46
3712 3626.1 3440.5 3368.5 3176 3045.8 H,O
1389.1 CO,
1020.6~160.46
3599.8 3480.7 3011.1 H,0 O\
1638.4 H,O
1286.6 1389.1 CO,
1112~160.46
1981
1984 2002 2005 2
1 4 13
CO, O, 7 10
2.2 13
-90C
2
Table 2 Heating rate and homogenization temperature of inclusion samples
pm % . 200C 300C 400C 500C .
C+ min~! C min~! C+ min~! C min !
1 la 5X9 10 24.3 30 30 20 10 425.5
2 [ a 5X12 10 33.6 50 30 20 10 425.1
3 Ila 6x16 10 30.1 50 30 20 10 409.6
4 la 10x11 30 35.0 70 50 30 10 407.6
5 b 7X14 30 34.5 70 50 30 10 399.9
6 Ta 4X8 10 30.2 70 50 30 10 400.0
7 lla 6Xx12 10 29.6 70 50 30 10 424.9
8 Ta 11 X 46 15 29.6 70 50 30 10 378.9
9 la 5X26 10 30.4 70 30 20 10 400.4
10 la 18X 22 15 28.0 70 30 20 10 418.8
11 b 18%21 15 30.5 70 30 20 10 394.4
12 b 6X22 10 27.9 70 30 20 10 407.8
13 II'b 12X16 20 30.0 70 30 20 10 405.2
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Fig. 8 Photos of inclusion No. 11 at different temperatures

Bain 1964  Haas 1976 NaCl 4
py, bar Table 4 The salinity and homogenization pressures
1999 of inclusion samples
Inp,=eyt+e; zte,w exp e3em‘w2 -1 =z % MPa
+ egexp 65€mY 2 1 la 11.95 428.56
o 5 _ 2 la 16.14 425.97
w = 27 = 2.937 X100 Y = Tupo - 3 Il 13.99 345.29
647.27 1.25 emzlnl() z = TH ()+0.01 TH o0~ exp 4 La 10.74 336.50
WT A+ BT T ’ K ? A 5 b 14.52 304.79
n B 6 lla 11.83 305.23
1+5.93582 x 10 % m — 5.19386 X 10> m? + 7 Ma 12.07 424.92
1.23156 X 10 > m* B =m 1.1542 %10 ¢ + 8 ITa 12.07 234.44
1.4125%10 7m —1.924 76 X 10 $m? — 1.707 17 x 0 La 0.7 200.81
P T s ‘ 10 la 14.73 390.31
10"m>+1.0539 X 10 m 60212.50649 e — 11 b 10.49 284.43
—4616.913 ¢,=3.193455X10 % ¢3=1.1965 % 12 b 9.60 337.41
_ \_ 13 b 10.74 326.23
1071 e, = = 1.013137 X102 e5= —5.7148 X I
103 m
m=1000wg 58.442 8% 100 — wp
3 C02 COZ NaCl
wep
T 2 3 2
’ 378.9 ~
1 2 425.5C 234.44~428.56 MPa
3 4 4
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