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Application of fluorescence spectroscopy in geological evaluation of shale oil
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Abstract: Shale possesses strong heterogeneity because of its lamellar structure. High-precision and high-resolution technical means
are required for studying shale oiliness. Synchronous fluorescence spectroscopy (SES)and total scanning fluorescence (TSF) have
good application prospects in research of shale heterogeneitys and they can focus on the layer size for micro-zone analysis. The fluo-
rescence spectrum analysis of shale samples with different maturities from Bohai Bay Basin and Sichuan Basin shows that the fluores-
cence peak of soluble organic matters in shale shows a red shift first and blue shift later, as well as gradual decrease of fluorescence
intensity with the thermal evolution of organic matters. The fluorescence parameter R, represents the ratio of the total fluorescence
intensity of tricyclic and tetracyclic aromatic hydrocarbons to the intensity of bicyclic aromatic hydrocarbon and can be used as a ma-
turity index. When shale has entered into the oil generation windows R, is greater than 1. 5. With the increasing of the maturity, R,
decreases gradually. For the shale entering the stage of highly mature thermal evolution and gas generation, when R; shows no obvi-
ous change law, the lower the fluorescence intensity. the higher the evolution degree. Further, according to the principal component
analysis and regression analysis, a quantitative calculation model of shale oil content based on fluorescence parameters is established

to carry out the evaluation of shale oil occurrence in different lithofacies and laminated reservoirs on the scale of laminae and cores.
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Table 1 Information of drilling core samples
/m R./%
31 3057 2~3833.8 0. 67~0. 90 M
11 3184 9~3348 7 0. 60~1 20 1 s I I
44 2970. 5~3286. 6 0. 72~0. 96 I II -
19 — 2263 3~2892 8 2 50~3. 00 1
22 2 AX
AX o
200 °C, 20 °C /h, Table 2 Thermal simulation temperature and rock pyrolysis
6 , parameters of shales from Well AX in Damintun sag,
526. 3°C, Easy R, Burnham P Bohai Bay Basin
B / Easy R,/ S/ Sy / S,'/
C % (mg/g) (mg/g) (mg/g)
A A 17-A 364. 1 0.7 0.53 9717 9597 6 09
, Arrhenius 17-B 100. 5 0.9 0.92  8L43 7930 7. 10
R, JH/C.0/C , 17-C 426, 5 L1 121 1620 1270 & 22
Easy Ro( 2). 17-D 443. 2 13 1 61 5. 43 417 6. 85
17-E 473. 8 17 0. 63 1. 37 206 4 30
23 17-F 526. 3 25 1. 76 0. 10 0.54 112
TSF SFS Agilent
Varian Cary Eclipse , , 10 min,
(synchronous scan) , ;5 3 5ml
C 3, , o
0. 01~0. 20g 0. 1~1 Omg ,

( N N

Do

20 ml , 20 ml
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Table 3 Parameter setting of fluorescence spectrum analysis
/ / Delta / / ) / /
nm nm nm nm nm (nm/min) nm
(SFS) 200~600 225~625 25 2.5 5 600 1 OFF
(TSF) 220~340 250~540 30 50 10 1200 2 ON
s o 47 .
TOC . “A” .
N N - ( 1 ) )
’ b b
o b
(GB/T 191452003 . SFS «C 2
SY/T 5118—2021"%  SY/T 5119—2008™) , s N 3 ,
b .
3
5 ’
31 s
’ o
b N Y b
4 o b ’ b
3 SFS TSF .
1 GX 3166, 49m
Fig.1 Three dimensional fluorescence spectra of laminated dolomitic shale and its extracts from Well GX
at a depth of 3 166. 49 m in Cangdong sag, Bohai Bay Basin
o 2
X SFS « b,
(GC-MS) C 3. s GC-MS
( ) 3 , SFS «C 2
. SES

., Wakeham®* 4 .
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240~370 nm
370~440 nm
440~500 nm
500~600nm

o ., SFS
2 GX 3166 499m

° Fig.2 Two-dimensional synchronous fluorescence spectra of

32 laminated dolomitic shale and its extracts from Well
R, s GX at a depth of 3166. 49 m in Cangdong sag, Bohai

( ) R Bay Basin
:MP— ;s DMP— ;s TAS— s M— ;s DM— s E— .
3 —

Fig.3 Analysis of different polycyclic aromatic compounds by gas chromatography-mass spectrometry
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Fig.4 Two dimensional synchronous fluorescence spectra of °

different aromatic compounds 5 AX
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Ts/(Ts+Tm)of shale from Well SX in Damintun sag,
’ R, Lo Bohai Bay Basin
[ 8(b].
; . T R -
, . 8(c) o
— R, R, »R,
. »JX11 s R, .
) , R, , R, .\R,
;o JX143 2800 m, — ,
R, o , Ry
C 9, , R,
, W R, R, 5, R,
o , R 2 0~10 0,R, 4 0~12 0;
, — R, 5 0~10. 0,R, 6. 0~
. , 17. 05 R, 2. 5~12. 0,R,
. 4 0~15 0, o
» JX11 ,JX143 , — ,
[ 8], , , R
1L 5, 9 R,
5 0~7.5 ,
s R, <4 0, R,>10 0
R, Easy R, Ts/(Ts+Tm)
, R,
Ry
6 N AX Easy R, 33

Fig. 6 Relationship between Easy R, by thermal simulation and
fluorescence parameter R, of shale from Well AX in

Damintun sag,Bohai Bay Basin
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Fig.8 Variation of fluorescence parameters of different maturity shale with depth
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F, = 0. 3391, —0. 05215, +0. 38113 + 0. 38313 Sie = 082240 596F, — 0. 018F,* 4
(D 3. 065F,” + 2. 932F,° (4)
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4 GX
Table 4 Oil contents of shale from Well GX in Cangdong sag ,Bohai Bay Basin by using different methods
/ TOC/ S/
m % “A”/%  (mg/g) To/(mg/g “A”/% Siireg/(mg/g)  To,ree/ (mg/g)
4-14 2972 91 2. 95 0 11 0. 98 5. 76 0. 17 1 10 7. 32
6-60 3037 82 1. 98 0. 09 0. 94 5. 55 0. 11 0. 85 397
6-64 3038 68 2. 04 0. 08 121 4. 84 0. 12 0. 85 1 49
6-70 3040. 77 352 0. 13 1. 40 11. 07 0. 21 1. 31 10. 23
6-79 3042 45 2. 25 0. 27 0. 79 3. 68 0. 20 0. 99 7. 59
6-83 3043 85 1 32 0. 16 0. 89 3. 34 0. 19 123 8 58
6-85 3044, 03 1. 39 0. 07 0.93 3. 54 0. 09 0. 82 3. 10
9-54 3118 11 307 0. 25 1 32 6. 05 0. 25 0. 90 6. 53
9-57 3119. 07 4. 29 0. 09 1. 18 8 43 0. 31 1 32 10. 99
9-60 3119. 60 3. 31 0. 10 1. 35 5. 52 0. 31 113 7. 46
9-62 3120. 65 7. 73 0. 28 1. 37 23. 12 0. 22 1. 15 9. 40
11-23 3164. 20 1. 05 0. 48 1. 61 9. 72 0. 35 1. 60 9. 76
11-25 3164. 90 329 0 11 2. 20 9. 05 0. 56 223 10. 78
11-28 3165 20 0. 68 0. 08 0. 59 1 43 0. 13 0. 93 332
17-46 3269. 62 6. 65 0. 35 3. 45 11 64 0. 13 3. 42 8 93
17-74 3277 53 1 14 0. 56 0. 34 1. 83 0. 11 0. 55 2. 61
17-77 3279. 43 3. 25 0. 85 0. 70 5. 13 0. 30 1. 00 5. 18
17-81 3280. 40 2. 60 0. 63 0. 96 3. 61 0. 19 0. 85 6. 06
:To=(S1+S,)—(5'+8S,", ( : =93:7) .
. . .S1+S, + ( )81+,
( )+ ( ).
10 GX

Fig. 10 Relationship of shale oil contents in Well GX of Cangdong sag,Bohai Bay Basin by using regression

model method and conventional geochemical test
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