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@A7HA HF FAE R JHEd 3lef 7‘15}""94 qLL FE A FHor Hi 2dYE
gollo] {71898 EA4E Wi dF AxTAE Adstd H{e A8 R olFs Hgdn
Add Mo godd FE dFs5te &ﬂ%’iq A 1985 ol F o Mf AFHEte] &

FE 7IEY @A AFAAN AeHd Ad 2o 2 &4 FAH Aot (Larter and Alpin,
1995). AFZe A&SFH A7 1 & oﬂOlc}. Afee %%, 2, 79 Al 7HA 847t BE
Z-gste XolL ARFT A A7 7IEFHA FHL AFS W 4 R HFAE £4359
ARZT 54 AAFge2A Hi AL AYde g ’ﬂ]-r &g xole Aol

AFe wAY 54 #dGe AFZ WY A, E Jlae 3, FHHez EFFIAAY
(heterogeneous) £X & o]|F1 JouBZ ol AR Exsl 7|9 WA AH 24 2 g
Agd ol&3t= Aelth (Fig. 1. F, AFF HF9 24E T AFs &4 agdn 20 M=
oA HL&HA M F&E (wettability)®t HE (viscosity)E WA IR, AFZ: W9
BZuE (tar mat)s} 2e 5B A& A4 Fo] eFAE Wit Aotk EF ety
“)ﬁl 2 AN g T AFSTY 92 A% {7 SAY2REH AFRFTA AGA= HFS ¢

F Ao MANEs GAd B o3 HRE A F Uk

gu] &9 (pyrobitumen)S A FZ W M#7t %TB‘H (cracking) 8 W FE A H= Ae=
A o, FAAgel de Qs Y 2 o FutdHE g@ifa Ad 2R 9
AdddE A% g AFZF vFEAe /4% ’5111-/‘%}"*—4 HAEYA F2 PAH EFFF

99g s 4G4 JBe UAL 297 B dss BES el 44 29¢
QUORA NA9 048 D AVHE Tolt AL AAL 57 T 4 A

2. M B

AF% Aze AFos "@A D AP S & dEe AY ZE AEJ o8& & 4 gk 4
Ad, +4 H7HA (DST/RFT) ¥z 7k, Af, &, Zol aglx ¢\ A&7t o] &¥d. H7t
7} o] BAH LR ojFojxig ™ 10WHAl 20719 #FA H7HA (DST/RFT) AV A9 574 o149
AN FFAAA 39 50-100/9 Fol A& YA S E Iatroscan, Rock-Eval 59 woez 23
g9 3 ooy GC, GC-MST o2 BA4g 3td /b4 Ajpe &4 9 3y}, &) o] Fof
A ¢ Aok E=3 LA 7] AEF ABE AL FTd AFE 249 W37t dg S, o9
N3 A0 ABRE ol B 5 Jorz o§ Fedch
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Figure 1. Three major phases in the reservoir

3. M

At
oA

HH|

A
AFZ A L v Fd 24L& F2 Rock-Eval #47], 7tx2azete a8y (GC), HA ZZw}
E 2y (LO), 7tazzvte gy -vj2rAdE 2 Eg (GC-MS)E E#A o]Fo|xtk AA
Salrio EME HalAe dut GCE HIAANAA A7 EAIIA @3 APH o2 4%
€ 4] (d& 549, DHA, Carburane)?t 83t} ol¥tell= @3lsie) A8 BHE A & F
%)= Thin layer chromatogaphy-flame ionization detector (TLC-FID) ¢! latroscan, &< A
AE dEY Tsr/PSr Bda HE &8 B ¥ 4 Ade ZFEE B4 (Residual salt
analyzer; RSA) 59 Zul & o] &3t}

4. A7

AF%E AE A3t ZA FZHU2 UHo] Ad F AFE WY 44 9F 2 v FEA 47
ojtt. Al Agdle AFE WlAY BEEE odstn AFFo FA7 AAAE ¢ L o
FIUE dd M E o =F A{HF A 544 TS A= AR 2999 943 K5
g4 9 AF A FHEE 8AF AHf HFH FHe dojus WI} (AE &, water
washing, F3 o] AMOZM dojr}= deasphaltenes, PVT Z79 W3}, Thermo Sulfate
Reduction)& #3th AFF KA 54 #9357 93 Wyoz gy 2 A5 F2 A

4dr
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1) 23 EtsieLo] olsh W (Light hydrocarbon method)

AR g3tk (G - CY AEHE XA AFS #A9 548 dosts $ydd, AF
29 AAE "2 2R ga E434 1etd GC (Carburane, DHA) ol FY3td XM 3=
Aoltt (Fig. 2). A7 UF gafo] Bod A3 §f7] &ujdd 594 E2M%ch v A
°olZ TN AFFT AAd EAE Hoddtn MF A Fo WIE dohul= Aol o] uhy g
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FHe A4 w54t 45 Asel S ABAA VSHEE AR AA VHF A= B3
2 BT wodsinl, 24o] wmA folg Holth wdle] B AR A zAd e Y 2
29 Fdo) @A 4 YR AW VHFAE F2 2AHDE 2A9 U 240 Brbsa
£ Relth

1) n-hexane

2) 2,2 dmethyl pentane
3) methyl cyclopentane
4) benzene

5) cyclohexane

6) 2 methyl hexane

7) 3 methyl hexane . 8.
8) 1.cs, 3 dmethyl pentane CBBervene  ToueneinC7
9) n-heptane

10) 2,5 dmethyl hexane

Figure 2. Reservoir fluid characterization by the analysis of light hydrocarbons.

2) 78 Etsl$+2 (Medium range hydrocarbon) @

o] W& F=2 HHE (Chevron) T =9 AH FALdA ®o] o]&3tn Y= WY
Co-Cn®] 7t ERAFE 2 G3FALE ol&dM AFF A F4& Fodstes Aot 2
A7k Abold] et 5F SEEY HA A7|(intensity)E BIESFAY =T LT Alole] BE
v 3E HuZaAM M{rE AR 2 7jde AAA & AAAE Wele F 7HA Wwygo] ek
Fig. 3 & A9 &4 @Yoz ANRE rlxazrEagtza FAS A =297 nC ¥H
nCn Atole] AEE vlaste 2€ tojo} IS 18 EA4L Wale Aot o Wy AHL
A astrd By vEA AE A 204 W& Aozt Hn B4 E sMe] umE Rl
Rolx, dAHL HFE o]&3 A7 A WY (finger-printing) < 715X %t FHHoeE g
& & 82 WH oEe Holth

3) MEEJ|stsgt20l o st vt (Biomarker method; Heavy HC method)

ot 7Y AF EIHEE BN 2UE AR Asste $4stE Bl 5, AFEe
FA EFH] Y= AT E/HTE RS 2N AFS FAY 5HL FefaAY Fe
o £4 Askst TAYNN &% vFAe BN AHE um AHFo2H A6 59 o}
s Byeltt (Fig. 4. © B UL 2% £22 (159 BHo| AxF A% AR
AR 2A0 Be BAAY Holst A9 gke Aol BHE ARE 440 4% £ 24
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Figure 3. Reservoir fluid characterization by the analysis of medium range hydrocarbons.

of g e SPEBUT Y VFEHA JFL W] W2 FA 54 Hee VPEs Bojx 1
o] wlm ool vl A Al PN Ak Wol 2wk Helth (Brassel, 1992).
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Figure 4. Distribution of biomarkers in the reservoir hydrocarbons.
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A%t 2L AFF HA 244 M dojR ArE FAFA WA YSiA (geochemical
multivariate data analysis, clustering, principle component analysis, student-t test, discriminant
function analysis) A2 & 3 H M E AX AH A € Ao 83

A% FA o AFZAA AHE A WA 1A e {7
Fde AF2F e 53 7 w35 E}i uj 3 ]
2ol AYA= A7Iv L& AYAD F Fo 3

U E5g9 Wyl e AAEFHA Ed4&99 A4 Yebdot (Chilingarian and Yen, 1978).
AFZ2 Yo g8E mEE o#le} o] Rock-Evald] 93 £, A7) A%, &9 3% (solvent
extraction) B 44 B4 SAYE oj&dA £4 F #Qlo) shEsit.

1) Rock-Evalol 2|5t 24

Rock-Eval EA ¥ g2ue2 2% &9 2 API vF o3 59 AFS s a7 3l
o] de] &&51 9t 53 Rock Eval 69 Z$-dl& 3 7150] 1443} Heol g2 wjEY &
e F9 44 & 5 Ad. AHFE HY diHA A 59 2§ Rock-Eval #M& & 9 Fig.
5 9} o] SiHzas}t w$- 91‘3}¥31 S2, §3] CO, CO: W aE uf$ A vehdo. a2y g2
e ASolE S2 WAzt § AR Jela (S2a, S2b) Atste] 93 CO, CO; HaE v 2
A Yebdoh (Lafargue et al, 1996). ©12A ¥4 A3 v3rt dz2A veives 2L A2A7 v
Fale] A& zold M Arle Aol
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Figure 5. Use of Rock-Eval 6 in the reservoir geochemistry.

2) 2o == (solvent extraction)

e e MFEA 2 S ARS A% AT $8eE Aoz AR W) vFUS
#7) 8018 AHgsel 3 @ W 228 ¥ vEsel B2 lE TR HAsts Pyolch

vjEwle] &= Soxtec, Soxhletd] HuE o] &= wWya 2 7] (Magnetic Stirrer)
E o] &3= wye] Ut
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3) M| Hsol 23 gteol

AFEUY B2 e 7]&9 Edd S Yoz s & A=A gxv Ay v]4g Uy e
o] 83t 3 T 4 9o ( 1g 6; D1ckey, 1979). Fig. 6 A B £9 §/E+S FAL A
A% (LLD), @A A& #ZF (LLS) & =4 Jexwt v 78284 #3 (MSFL) & 2

> b

Z%TJ4T(¢murmde@§°hw1QNQHuﬂ-4ﬂﬂﬂ*%@ < (29,
4 olF AFIF g17] W&ol o] A MY HF: AFArt BF A dElhdu
100. 1000.
‘,""jDeple'ed Zone]
Figure 6. Tar mat is detected by wireline logging (after Dickey, 1979)
) ot 2N EHY
AfE WY 5884 F5E 59 44 EAY Ao g2 vEE A & F Y AFF
el et2 ujEVL EAete Aede 3588 £33 F5EE v§ 2k £3 £F5809]

vl §- Hojxng #&lo] 7153t (Fig. 7, Wilthelms and Larter, 1995).
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Figure 7. Tar mat horizon is detected by petrophysical analysis
(after Wilhelms and Larter, 1995).
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1) 2 etel xtol (source dependant)

AF2S2 WY 4dH AR Aojx= 7|EHoZ 29Yo] X E= #7189 golZ7 E8yq o
Z2A Jed F 9tk &, §7159 A& "l AAHE MA{r a2y dEd AFS Y
A7 F 7HA o) 9 9oz Y fHdE Aolgtd 2L AFEF UAAME A& Aolg R
olct (Larter and Alpin, 1995).

2) & M=g (maturity dependant)

ZAGo2YE U BEL JAHOR oFolA: ALE AN, ASEN FrHUA oo
Ae £AMo2 $EH9E BSE AT (Tissot and Welte, 1984). e 2§59} Zo] w we
BEEdN A4E A7t AYHD, 2o & HSEY A87h 2 olFol AFF W2 499
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£ A% FY AFE U & 4S5 A2 08 487k EARE B o] Bel FFE
of ®e RANRH Ufsk ANA/) GEA HEESk He ARTF FFEH Fheo] we Rl

A AH

3) M= 23l (biodegradation)

A#7r wtelgol 59 AR &AM EAHW EHWE vz e Fi3Fe) FojuA o
oA AH gAF 4 Y A Add (AL zAEE FEU Ak AE Bidle AFS WY
Eo] (meteoric water) ©]F3t8A e ol MAE FAl FFY dojues A7 B W

2o 72 Mf-29 FEFAN Jojuth. 5714 Weelobs =7k 80T olskeln HS 7kavt
Qe =AM AHF LAVT (Waples, 1985). HEE/ISFEY 2AS THM A7 42 ¥
A A=

& ﬂ—l’ g 5 Jdow FF gA E s Ao Fa% NEE o]& T & Uth AE
! T ditd e g i 4FY FAVE F=EAA verdt (Fig. 8). A& &3
AL &3 2 (Peters and Moldowan, 1993).

L %}?lgl A9 BxFo] A2 Aol & RAuo AEEHA o sttt

70 o]AZ#H xo]= (extended isoprencids)e AEEEHES WA ¢ T 2HQA, FHolHed 1
g1 & oihZYol=E U AEEI|FEC] B HI] ojdd &4Ad] Eal€ch

@ ZHe Be Edle Cun > Cx > Cu > Cp THTO|N 2B 39 AS eaa20R, aB8
20R> @ o a 20S, 01315’208 Cxr >Cx >Cxn > Cyp o258 AE THE T=0h

@ tholol2E @ AY- Ca>Co>CorToE AE EME ¥=

before blodegradation

<20

INTENSITY

TIME ——»

after biodegradation

PRISTANE

PHYTANE

c20

INTENSITY

TIME——

Figure 8. Effect of the biodegradation on the crude oil
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4) 2of 47|7] (Water washing)

2ol M717] = AFE W) AFE WIAINE S AUG 89F9 sl JwEQ
A4l AR @tss R WYE WSFAE B F fa€ 2o ArVE Cl5EY e ¥
A%e #E RN E3) Yehts Aoz WS H¥E, =P 97 YL YZdY &4

2 Bd & A4 (Fig. 9 Lafargue and Barker, 1988). 9| Kuo (1994) 9] @7l 9349
Ed A ANBE API “]'6‘ A WEE d3lesy F (dE EYW  phenanthrene,
dibenzothiophene), 54 2L 3 AE, 23 4z &F Fol ¥on NSO &9 494 ¥t
@3, Cyp 287 4-vd 28T &M Cxy 2HTY ¥z ¥E& Ao Yy
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Figure 9. Solubilities of normal alkanes, aromatic hydrocarbons and cycloalkanes in water
(Lafargue and Barker, 1988).

5) Et=2 D E (tar mat)

B2 EEs FdA AFe uiet Fo] A{FF U of2FE o] F3E (20-60 wt¥) T3t
< gujdtes RAoE AFFY ol2VEV JAHAMN FyAHEH FH Y AdFe AEY A=
BAZE F85 Yelde Re] EAo|th. Lomando (1992)= AFEF W 8= weZ Iy
(morphotype)oll uwtetA tAl 7FAI2 (droplet, carpets, peanut brittle, vesicular, digitate) 7% 3%
vk Aot oAl 74A #®Ez BHE fE Y A9 oS53 2o
® ¥F #4e (gravitational segregation)ol <3 A=A
@ AE & 9o FAF3}

@ A4 oA sh2e o8 of~2BE A (deasphalting)

@ AFE dEol ZAsAN JFAHE B¢

® HAE FE ofxHulo] Faso] FHHE A

® AGA e @3t art gyEe] h2s Sy SR E
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(pyrobitumen)& FAeE A G-
@ 4 #%E7 oe 489 &R
® Lol dAo 2 AYHE HFAA &3l i e Agr dojuzm o4 Fulyo] A e

F47t BAHE 79 (Thermal sulfate reduction)

6. d 8

AF2d9de ot A{ A4 FAEE Friste 5 F2 FAd AL HF A8
o] 9o -74301]“ ARE B2L g a2 At ]E% Tor2 &35 3 gt

A AFS W 74 53] Aie 7igges a%‘él 7}11“1 olgid Ed AL Aol
w2} “"*3"“11 2 ¥ A AFF WY ‘(_Tr—’] B 2949 Aol AF wE 2
Al 24 RS A Aols M AdA BEd d »} o ’PI‘ FEFA #49 F #A I
o 7HA ¥EE, & AL F, Eo A717], 7tz -4 of~BE HA, dol o3 A7
ol wtg GuFHle] QP FelH ol WMIEL UFE AR T2 BHE wEJ g% £
T3 345 MEH FAAE dFE v,

AFe A9 AFAHA A7 o) FAY EFAAE dohin 4F9 EFUY 9] B
AFS W Ay A 4F & U, A HAf 2dddl BE HoMw o] & Ho] gA M
Ags ¢4 WUt Av7t 24 D F A= EYY dSW 2 YAE BE 2EHA A, A
A AY FRAE ol &gt

7. &3 28

Brassell, S. C, 1992, Biomarkers in sediments, sedimentary rocks and petroleum; Biological
origins, geological fate and applications: in L. M. Pratt, ed, Geochemistry of
organic matter in sediments and sedimentary rocks, SEPM short course 27, SEPM,
p. 29-72.

Chilingarian, G.V., Yen, T.F. 1978 Bitumens, asphalts and tar sands, Elsevier Scientific
Publishing, 331p.

Dickey, P.A., 1979, Petroleum development geology, Pennwell Publishing Co., 398 p.
Hunt, 1996, Petroleum geochemistry and geology: Freeman, New York, 743 p.

Kuo, L., 1994, An experienced study of crude oil alteration in reservoir rocks by water
washing., Organic Geochemistry, 21, 465-479.

Lomando, A.J., 1992, The influence of solid reservoir bitumen on resevoir quality, AAPG
Bulletin, 76, 1137-1152.



B fA A
A 52 gedES] =3 (199)

Lafargue, E. and Barker C., 1988, Effect of water washing on crude oil composition, AAPG
Bulletin, 72, 263-276.

Lafargue, E., Espitalie, F., Marquis F. and Pillot D., 1996, Rock-Eval 6 applications in
hydrocarbon exploration, production and in soil contamination studies, Proceedings
of the 5th Latin American Congress on Organic Geochemistry, Cancun. 1-26.

Larter, S.R, and Alpin, AC, 199, Reservoir geochemistry: method, applications and
opportunities, in The geochemistry of reservoirs, edited by Cubitt, JM. and
England, W.A. The Geological Society London, 5-32.

Peters, K. E, and J. M. Moldowan, 1993, The Biomarker Guide -interpreting molecular
fossils in petroleum and ancient sediments-: Prentice Hall, 363 p.

Tissot, B. P, and D. H. Welte, 1984, Petroleum Formation and Occurrence 2nd ed.
Springer-Verlag, 538 p.

Waples D. W., 1985, Geochemistry in Petroleum Exploration: D. Reidel Publishing Co. 232 p.

Wilhelms, A. and Larter, S.R., 1995, Overview of the geochemistry of some tar mats from the
North Sea and USA: implications for tar mat origin, in The geochemistry of
reservoirs, edited by Cubitt, JM. and England, W.A. The Geological Society
London, 87-102.



