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Lu Y, Yang K, Xiu L C. Identification of hydrocarbon and clay minerals based on near—infrared spectroscopy and its geolog-
ical significance. Geological Bulletin of China, 2017, 36(10):1884-1891

Abstract : Authigenic clay minerals are controlled by, and therefore indicative of, physiochemical conditions of the diagenetic process.
In oil and gas exploration, timely acquisition of the information on clay minerals and hydrocarbon is of direct application value in
terms of understanding the evolution process and diagnosing the existence of hydrocarbon. The experimental work reported in this
paper has shown that near—infrared reflectance spectroscopy is useful for extracting the information on hydrocarbon present in a mi-
nor to trace amount in sedimentary rocks and detecting the fact that the spatial variations of a series of clay minerals such as (ammoni-
um~—bearing) illite, chlorite and kaolinite can directly reflect the changes in temperature and pore fluid composition during the diage-
netic process. The results obtained by the authors, therefore, will contribute to improving the understanding of environmental condi-
tions and thermal maturity of organic matter in diagenesis.
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PR B SIS AL Al e BB o
ROETERAEAE 0~1 2Z 8] (1 4) o Bdabr AL i Py 3
TSR T BREORAR LT 24X S W e 32 F) 5 1l
PR ORE L Z 1) 52 B2 1 22501 5 R i 2Z 1] LS
ZE5 o K A PR B AR O AR AR B DG RE B oE
I, AR P S S I 5 ) 1 5 TR AR B (R 3
Al FRO OB TR EE ) A0 i i S RS - i) 5
Fabr (IEARSR) .

F TS A BT AR it 5 AR (2 B A A1
TACTE T BRI BR ) | HCRE AR W i i) 58 BE AR A
B, A 2 LR R Ay iR ) AR AIE 1 7 RO OGS L
SE LR 47 A O B e R SR AR R T T
T RBOLE (K 2-C) o T SO ARG i
28 10 R TR S AR R AL A T HABURR, Tl SR O AP A
FHLATE S BOLTE Bl h 0 o A TAELL B 22
i A A WA Y AR ke R R

2000 2400
W HK/nm
B3 B Wb S G (L 1 SpecMINDGHE )

Fig. 3 Standard reflectance spectrum of minerals

T— A 2— BRI 3— R A 54— lle a5 5— 52 A

(ZFNIEA) .

XRG4, 25 A IR S,
HFFLZ R W U B R R RIVRLRE e 2
AR AT . S G R 0L, DA R R ) —F
A7 AT 58 CEIRSE) VR 2 it 1 B o (B
G M| 258 5 BE ARG ) 1, AR AR, 5 e 3] i ) S 4
PR (M YNRA ) , BEFR -0 A s i
IKHY 2 AT G ly T 23 AL T 1410nm Fl
1910nm)VE N EETEAS 10 ML B 45 mE NS4,
FAUREFRI TIRAHRE 0 P 254 45 5 BE T A
T F R ST PR 25 R, VT REAE A — R R
25 (AR5 XOURTHES R )

AR AR R FH W WA B A Sk BT B 1) % 4
Bro XK 879, DL IS 551 5 Je DA 15
TREEAE R WSO B, FHAE RS 8 W 4 3 s 46 5 0
TR 7 o S EOGIE IS AT B0 R A
AR EIEbR . BARBEA R 8 AR ke S AR AT W 2
] P 5 1 O 2R, ] AR A W R 3 5 W A o 5
2 TA] R 3 2P 1) I AH DG, 42 R FH R Ak A
R AR R AT RER

4 GERNH T

41 B
1730nm . 1755nm F1 2310nm 42 A1 JiH IR it

!
1600



1888 H i B IR GEOLOGICAL BULLETIN OF CHINA 2017 4F

MP1 53 ZP153f
mpl-1 zpl-1
zpl-2
mpl-2 zpl-3
mpl-3
mpl-4 Zp1-4
mpl-5 zpl-5
mpl-6
mpl-7 p1-6
mpl-8 //_/_/—A_szlﬂ
zpl-8
mp1-9 zpl-9
i il @ L9(1)
1-12 1-10
2 mpl-13 % &
zpl-11
mpl-14 zpl-12
mpl-15
mpl-16 zpl-13
mpl-17
mpl-18 zpl-14
zpl-15
zpl-16
S T L L IR B N L L L B |
400 800 1200 1600 2000 2400 400 800 1200 1600 2000 2400
P /mm K /mm

K4 MP15 ZP1 SRR Y RS (B )
Fig. 4 Reflectance spectra (stacked) of samples from wells MP1 and ZP1

(9 3 MRFIEPERYITLLAMRAL . ZIERIRES P AT RE B9 E BN 1730nm Fl 17550m X 2 A
SEAFHORG LB PRI IR ER 2, 231 0nm A BB L (5), Her 1730nm BiF 3 i W e iy Je s 22
BB PR L, NS PRBEME B AR S S WA PR A B AR PN iy T4 i

ST wm o
] —n boH —miss
=4

e it~ 1730nm
..... q}[ﬂ‘i | 4

0.3

W 2

0.2

C-H — &4
1200nm

C-H — BB Em
1400nm

0.1

T T T T T T T T T T T 1 v T 1 T T
1100 1300 1500 1700 1900 2100

I 22I00I I I23I00 I 24I00 I 25I00
W HK/nm W HK/nm
Fl5 JRIMIBOETRE (5] F Texas REFLLAMSOELIE A )
(BB ARAF 1730nm 123 100m ) 2 AWGE T H AT A A h RO, B R R il (A) 6T,
AU R S5 (RO GRS . % TN BRI (A7), W A 5 R R BCR N A=1-R)
Fig. 5 Absorption spectrum of hydrocarbon



% 36 4= 5 10 #

JEIHEAE  FE TR LT A SR AR A2 SR T W R0 R e T 1889

2310nm $¢ AF W W2 5 TR TR 26, ) T B AL A
1730nm {37 B #1738 URHIE

AU FI A 59 A5 AR S, 9 ANRE S Y SUST
G R TS 9 1730nm F1 1755nm WU, AR 48
R G WSS B W W) o e AR
TEA OGRS B A R 2 I & i v (5 B . Xt
TR AT B M B B 1Y 23 10nm KAV E L 5
AR g U A RO R A W A S o R
A3 E H R R s i £ e — A AN
54T (B 2—a Hr ARG Sk B ), BRI BAT 12 W

18 33 X 1730nm A1 2310nm 1Y W SR FE 9517 5
K, TR (] v B LE AR DGR IIE ST 1M B e ok A
TR —F 5T, 11275 O ARG, B AT 6E
EIMIEAE B (E 6) o PRI, FERE 2 i a2 (IR A 1R 1
T AR TAERHZ 2 4 W )~ YA R B vl <
SRt — A BT =

B X058 1061 WORCRAE SR TR AR B
MIBRAE , T R FH RO 7 v R Tl A 55 1 v e
WCRRAE , DAfSE HESf b o B AR (5 2 o 7E B
SR L L, 0 YRR 22 A B S I A B R
F¥, e B B H WA I 0k 0 RS o e <7 1 5 g
(K 2-c),

T SRR BT 59 S AR

® o
<
Q_
(=]
3
®
89l o
(=)
@
e
T
L T - T
0.000 0.007 0.014 0.021

2D@1730nm

6 i 1730nm 55 2310nm W0 B A G4
(M B A — B PR CD)PRAE o 1730nm A1 2310nm i 2R
B PR R AR DGR s A — IR T IR — 1 B () g i i)
Fig. 6 Correlation of absorption intensity between

1730nm and 2310nm bands

25U 5 R T AR ST R FH B9 S S 15 T vk
ARSI R, A 9 AN it v 1 IR O 12 g A D
PR CaniEl 2 v ZP1 =5 &Gt sk iR R ) o AR
T 2 A 2 R AT 1 U8 K DX T 1) e B BB , 2% 9 A
i ) T A ARAR

A FIET WA SIMERR Bt ER, &
AR E 2 SR (A ) XRE T (F
7)), VLB T2 B R AR U= & kR R D
FFEZ XL BUREAE . AR AT AN =8 RIERK A
L2 P AR AR AT S A5 BRI TR h I 45 2 i
R 2 M X K 6— K 8 b i 2 U A i e
PRI, 2B HER S S At )2 W P 3, W 4 h R
6—1 SV T 1 T B 1 ek i G AR
42 4%

AU E 1 3 A AR G T 45 R wos |, 4%
T SR 2 ] AR ARG AN HR AR A
TEAHSCRT S (K 8) , R W EOE THERs T 25 B
Haa . EUTRUA T NH, BRG] A7 TR
K*o Bl DU A VR Ot A Pl B R i
PEREE S A AR A, NHL B KA
FIA R JZEALE . T LATIORE, NH, [ AL 7E G £
TR R DU B SRR B B IR AR B TR B 3 A Tl
SAFIEMHIX . BRAZIREEFETI SN, FLBR A A 1 5 NH,
T i TR SRR AT R T AE B R P e
BRI A

NH, TETURE Hh FEORIE 2 — A5k
T S5 VYRR HDWEE 2], AE 0 A= 2 i e & rh vk
55182 Y R A R RS A O 17 e e )

0.04 - fRA | B
- —>

TS5
*
*

*

. 00’ L 2 .
0 0.02 0.04 0.06 0.08
2345nmW 5

A SR YN U PRES
Fig. 7 Relationship between hydrocarbon and

mineral composition



1890 H o 4E IR GEOLOGICAL BULLETIN OF CHINA 2017 4
65
0.04 - oo
o O
%
i 003 &= 551 .
et -0
= * * & =] o
= 0.2 ® I@Dﬂu‘\\%ﬂ\ m o
] E g\ ST o~--o o
= P E 45 ] g o 00 Opo \D“qa\\é:‘
0.01 > o B
. | ** ) * * a R~0376
0 0.005 0.01 0.015 0.02 3
NH, G EE
28 1
R,=00822
K8 &2k (1730nm 5 2310nm 58 BV HI{H) S8 .
15 Y fexd
(2010nm 388 ) R 5 E o | .0‘,, L4
Fig. 8 Relationship between the average intensity = —¢e %o 0.0 *9 *
= =8 — o2 _‘_ ¢
of 1730nm and 2310nm bands and the ;Pi P4 Yo o .’ N %
fon i ; : = L 2 L 2
absorptlon ntensity of ammonium § 24 P
=
TEREZE B0 b, DRLIHORS b HP A B 35 8l REAE A .
AT A B R B FE s 2 —17 Y [ R BLR TR 2 ‘ ‘ ‘ ‘
0 0.005 0.01 0.015 0.02

e B By e s rh A s, Bpe s b L
M B i SR IR ) BAEAR G, [T Y
TE ] S I A b A i E AR 2D (B AR AR A
R R T AR T S P R I A I AL, R g
PRI D BT A S R, BT
VEVW Bt i Bom A B, AR LGt Ak
AH DG, T = AR A B R B R ) TR
X TE (B 9), ATREHE 78 TP Z IR X
TORHGEVI G .

TR ARG A 25 A B R R R R 1 R T
15, 55 5 PG BE T I U2 3 A B0 G AH R, U BH
[i] T BB e P L R
43 tHIw

SR X RE A 2 I PR 4 A3 R S i e,
R, A IS5 ol £, A8 5 i b IR 4
Y EE sk a iR PAA IR E A R
A RER R RE S A R R R Y
FERPRA SR FE A DRI A X
ERZ X 2 B 8 R — 8. DU ALA
Fage £k £ BRG 0 Hi 5E WA 3, U
X 28 [y 00 G AR FH I B2 CRISEETR) L3, B A
PR R, AL T AR AR R W X R T . FR
AT DLW, A BE 25 0F QRLEE ) 3 — 20 FH i T fig =

NH, i o &

N TR RUEYESTLESSE Sp SN
UBZN A IR R)
Fig. 9 Relationship between crystallinity of clay minerals

and absorption intensity of ammonium

a—1910nm WICEHF [P 50 s b—1410nm WG 9 IR T8

FOM TR o A KIS 2 75 3 Bl b 5T 36
BAMER

H AR R SRR A EEERT Y2 —,
SR A HOGE B R AR H T TR IR A
AR AR+ R A A . XFMERIEEAL AR
7 JR S TR — B PR T 46 1) A A AR E 3
P CIRLEE W] R 4223 150~2000C) , 813 A F Tl
SRR IREE 54

ULk, 7 f A DL IR R SR, U HAE &
TR S PR R ER A BT (B 7)) He s S s 2 1
MR O RPN ) o

5 %% iE

(1)MP1.MP3 il ZP1 - b5 File 5
PR TR L WA RN LI R AR
F,EZ WAL,



% 36 4= 5 10 #

JEIHEAE  FE TR LT A SR AR A2 SR T W R0 R e T 1891

(2) R A RE S B e, I H R SR
A AL TE AR RO T OB A R A A
B, PT BEFE 7 L O A T BT 78 4 A X
) AR ) o B SR - W) R 45 & B AR R IR ARG,
T T BRSSP ) —
JrHUESE T SN R, SEEAZE
AT R84 I & b J2 B AR R o8 A B 1 A i e o
fro AW TAEMSS LR, A BB — D pF 5
TR A b OB 2 b i e P R e B X 2 b Ry 5
B HGH A I o BRARAS YRR S R 25 SR AN
JE DR DX 33l Ry A A A 1 S s B A HS 25 0L
FIWT , H S5 5B (E A3 X 5B K 22 107 23 A= il A
TR I ORGSR — 20 T AR, AT 4R HO
DU A IR e R 7

(3 b rhakle A 3 i A7 e Ch A -2l
AEE) VB UIBAE R A B E R
SO L AT MR ks 5=y N 7/ B 5 ¥ = ST AN 0L P
e 45 ARERAE BUA PR 5T i I i — 20
Fm TR 2 T iR AR AR X

(4)IELLAMETERT S A R AR A R U
o R FHIE 4 A A5 AL 3 5 1%, AT DA A i i
FORG 03 210 SO TS S AR S TR A
RIER .

(5) T LLAM S CIE B ARANE Ry —FhEF AP TAE IR
Yy (B LS ) P e 53 B B, 7 5 (B4 |
TR, AT LATE S — I [a] o A= 7 i ARt s B
ATAE R AT AR5 B, 0o JE 2L B S B0 2= TR
FEFRAE TR AR B B

B : P o BhIR IR AT R B SR AR K B A 4 R
Hde, BRI RRAE PSR EALE RARAE T kg
AL, A E P S R E AR W I S
T A SnAs , e t— 5t R R B,

BEAR

[1]Cloutis E A. Spectral reflectance properties of hydrocarbons: re-
mote—sensing implications|J]. Science, 1989, 245:165—168.

[2]Clark R N, King T V V, Klejwa M, et al. High spectral resolution
reflectance spectroscopy of minerals[]]. Journal of Geophysical Re-
search, 1990, 95B:12653—12680.

[3]Huntington J, Quigley M, Yang K, et al. Geological Overview of
HyLogging 18000m of Core from the Eastern Goldfields of Western
Australia[C]//Proceedings of 6th International Mining Geology
Conference, Darwin, NT, 2006: 21—-23.

[4]Yang K, Whitbourn L B, Mason P. Mapping the chemical composi-
tion of nickel laterites with reflectance spectroscopy at KoniambolJ].
Economic Geology, 2013, 108(6): 1285—1299.

[5]Velde B. Clay minerals: A Physico— Chemical Explanation of their
Occurrence, Developments in Sedimentology[M]. Elsevier, Amster-
dam—Oxford—New York—Tokyo, 1985: 427.

[6]Van Keer I, Muchez P H, Viaene W. Clay mineralogical variations
and evolutions in sandstone sequences near coal seam and shales in
the Westphalian the Campine Basin[J]. Clay Minerals, 1998, 33(1):
159—169.

(714715, sRIGENI, 5Kk, S8 ZLAMEE IHFHORTE R P T =A%im
SRR BN TS SR ). SR TR, 2012, 23(3): 6-11.

[8] 2 it A7 A& B 50 % 22 30 7 b v A AR 3 3 A AR E B ah o)
i [7]. #5596, 2008, 17(2): 135—138.

(O E AR, AT SR 22 4 2 M AP B AR e b ARG e 2 A8y 3 5 <
WD) AR ST, 2013, 40(1): 49-57.

(101175, sk, 450, 45, Pt sy B X 20l L =S5 K2
K 6 2 A VR 54 R BCA AP ()], 5 aE )z, 2013, 32(5):
790—798.

(1] %R, 5 BRI A 2 OIS B FE (D). T b
SANIE L, 2006.

(120855 1. FPIR 22 Wi b =78 AT KA R AR5 03 B P i
FEALEERF ST [D]. P IR A 2A 083, 2011,

[13]Yang K, Huntington ] F, Gemmell ] B, et al. Variations in composi-
tion and abundance of white mica in the hydrothermal alteration
system at Hellyer, Tasmania, as revealed by infrared reflectance
spectroscopylJ]. Journal of Geochemical Exploration, 2011, 108(2):
143-156.

[14]Cudahy T, Jones M, Thomas M, et al. Next Generation Mineral
Mapping: Queensland airborne HyMap and satellite ASTER surveys
2006— 2008[C]//CSIRO Report P2007/364, 2007: 161. http://
c3dmm.csiro.au/NGMM/.

[15]Allen C S, Krekeler M P S. Reflectance spectra of crude oils and re-
fined petroleum products on a variety of common substrates[C].
Spie Defense, Security, & Sensing, 2010, 7687: 61—64.

[16] %% 3, R [ 2 B A8 )2 TS ). 802441, 1994, 14(4):
404—407.

[17]Williams L B, Ferrell R E Jr, Chinn Elizabeth W, et al. Fixed am-
monium in clays associated with crude oils[J]]. Applied Geochemis-
try, 1989, 4(6): 605—616.

[18]Williams L B, Wilcoxon B R, Ferrell R E, et al. Diagenesis of am-
monium during hydrocarbon maturation and migration, Wilcox
Group, Louisiana, U.S.A.[J]]. Applied Geochemistry, 1992, 7(2):
123—134.

[19]Lindgreen H. Ammonium fixation during illite—smectite diagenesis
in Upper Jurassic shale, North Sea[J]. Clay Minerals, 1994, 29(4):
527-537.

(201 XEKTHT, KBJA B, Hvsar. 5 st 22 v BRI A 0 A0 R iE RS ]).
T PIAR, 2011, S1: 719-720.



