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Mechanism of oil content difference in Mackay River oil sands, Canada
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Abstract As an important unconventional oil and gas resource, oil sands have been paid more and more attention all over the
world. However, oil sands usually have some disadvantages such as strong heterogeneity and large differences in oil content, which
leads to limited development efficiency. Based on the results of core, casting thin section and SEM observations, logging data,
reservoir rock pyrolysis and soluble organic matter gas chromatography—mass spectrometry analysis, the mechanism of the oil con-
tent difference in the Cretaceous Upper McMurray Formation oil sands in the Mackay River area, Athabasca, Canada was studied.
The diagenesis of the Mackay River oil sands is weak and there is no cement. The rock characteristics are mainly determined by
three parameters: grain size, sorting and matrix content. The rock types are divided into extremely fine sandstone, fine sandstone,
greywacke and siltstone. According to logging and core water saturation data, the oil sands reservoir can be evaluated as the gas,
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water, oil and poor oil interval, which are mainly composed of extremely fine sandstone, fine sandstone, greywacke and siltstone,
respectively. The biomarker characteristics show that bitumen derives from the same source kitchen and there is no difference in ma-
turity. Therefore, the main reason for the difference in oil content may be the difference in degradation degree and the amount of oil
charged due to the diversity in reservoir petrological. Fine sandstone has good connectivity and is easy to be affected by degradation
such as washing and oxidation, and usually forms the water interval. The siltstone is dense, and the early oil charging has difficulty
reaching completion and this usually forms the poor interval. The properties of greywacke lie somewhere in between, the degree of

degradation is relatively low and without affecting the early charging of oil, so it usually forms the oil interval.
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Fig. 1 The geographic map and location of oil sands samples in Athabasca, Alberta Basin, Canada"”

McMurray Formation; oil sands; oil content; petrological characteristics; geochemical characteristics

B PP AR 7 R LA R AR S BRI, BT
KR R IR AL IR (2 1504 Bl itk i £ K SAGD),  H:
JEHURAEE VR PIEAZRIN, ISP &
A FASE e, INARIE BT A IS BEK RE E A
BN RSP P R R 00 SR, AR A
AT 2 5 o0 A S RN, S B AT I R AL
FAE 209, KGR GEZ T SR,
FEVRIF A S BEAT 52 (5 BR3P RS I G

MRS R S, RNMER R S E, 2
WHHZ IR MENHZR R, CAEZFE R
PR AE B AR i N R AT TAHSCRIE . Carrigy!™
ML O 7 A A IR VE T 142 PRIMADRE A AT 34T
GETH AR R DU B S5 R B2 R a5 il e ey
HE, Sl eSS o P a5 i 2 JUHSG . Takamu—
ral A SRR AR R A 2 B IR T, B5E T K
LB S B L K PRI R A, K

= B 7



INEEIR A BT S i 22 S 0 i LB

75

P B B RAG T iy FE v E P BE . Mossop!™ Ak
WA AE)ZE B S F 2 T ORISR, eibikiz
Gz A TR (Aniz I VRS ) A2 AL
BB RS i R A i 22, ek s KR il . Fustic!
EE X LI R AR . DR 0 g A BURRIE A
Wi AR Bk 32 B2 45 T LAAE W A = ik AR ek
WEAEF, TR AR R B 2 S 2 A B B
(Pefde)z: . fLBREERBE R ) A XK,

CEATTNIBFFE R T AL, JED 3 T M 25 S5 0
ZM R R G EER, Hp 2R R R EZEn
SN R Z— o HEME)Z A Wbk S OU s #4 45
e S B d P )52 ) R A SC LR AN B . AR SCR F %
P R LB S A T I B 2 A RO S5 K, SE Rt
it )2 77 A IR RN 3 T (GC-MS) B AR 2 T Ihab i
TOYE Koy BURHE . DTTTRR A 2 A < b sk Ak
SR BT TAD Erm PR BRI R

1 HFThEse

U0 5 R 2 b 32 8 4 Ay BT R A 38 R gl AR S it
AW, A BT R AR K A H 2 A B R G 2 AR
DX U1 b ) 3 e S 40 S AR R A B R 4L Y
i v I AR A 40 2 3 22 BB ) Y i Rl e A0
SIS SR o R R NS e TR N [ B S SN
b (Prprkig iz gl), sRELAAR—T4 B EAEH =
Vg FE I ORI, JERE T H ETBT R A 3k 2 b 7Y
AR R FRAE O, 2 PO R LRI TIRE X, HbJ2 R
&, SRR, JREIEA AR E XL, KA
IR RAR G IR . B A o R X, b2
o, RESK, AV A, AR
HE ARG B SO AP TR . A SRR IE B T
W PE R AL, B B — R AN LR KRR H
T A AR R T AR

A7 T BT JR AR 3K 735 b AR 303 A Bl % 2 1 b X
A EBEABTRAAE M 79% e 5 i, 2 HEE
A R R X, M — R R I
O PR B, BT % [ 37 1 v 2 ¢ U 2o 689% £E h 7E
T Y& 2 4k /R (Mannville) #f 27 78 28 H 20 (McMurray
Formation) [P 742, QilE 2 i, 22 e R4
AL E BV R IR EL S 2 L, A DA 2
I35 7K 21 (ClearWater) Fil 75 T & A 0 5 20 1 1) B L B
2% 2} (Wabiskaw) 7 15 75 4 vd BR L2 2 [V, 38 % &%
vEBR LA BRI 4 3 AT, BRI DL 1Y
B, TR 0 v BRI AR TR S E i

B, WA ENRL B EAR L BRI
ANERE, BT LA R B R A BT AT A ST 1
FH T Y] R 47 A AR T S BT K ) ) R W & AR
Ak, ZwBREAMEDPEREREDRM LR SA
(Inclined heterolithic stratification, ITHS), iX £t Jg ki I
AU BT JE 22 K IR, R B R 2 K
K, LRSS, XPARE AR A R Y PR
AR 19-201

LI (Mackay River) [X ey - Buf g (R b
X ARHS, s 2 v R HL R (Fort McMurray) PUdb 77 7] 24
35km, MK 760 km?, Tt ™ A8 200 x 10* t/al'),
FERMED 2 A TO R A ) LB, G )Z TR
YIREE R 160~180 m, it PR JRFEZ) 18 m, A XUAL
BREEZ) 32%, B BEFJLHEITE 1~5 pm?,

2 FEMSSEES
2.1 &

A 5T IR EE &L 54 1F, A RER YR A T
BT 5% EL 30T R 0 DX 22 BT X e () 1 27 s R L2, AT
R T FE S IOk B T IR — D3, BURE TR Y5 L7
171~198 m, TRPE 22 ANt 27 m, PR AT DL Z B IX
Sl ke . b2 IR R B s 45 DR 26 9 PN A Y
T, VIEIRIERERE S T H . B4 REE S A8 A&
e BEmTAL B, B IR A LTS G

22 I

221 BAFMT

R T WSS R AR A S5 R R B AR, R
FIRATAEBA 29, BRIBUIADFE A X P2 1 — T A T
PR FTEE RO, 78 B2 SR8 vh FH I €0 0% 91 200 i
REUMED 5 B, SR8 R B 1k B A ik sk Y5
AR, R T 3R BT R I, 8
Z—H G RS, Sk (R AT
350 ™5 Fil Imagel SR A AL PRAEJE 14 . R . 430 il
BRI AR R . DIEL 3~5 g Wb FEARAE 50 °C TRLE
NHET IR LS B 4, R A FEI-Quanta 650F
i e LI FL B S5 R A T A
222 fhEEHM

S T HERREAN D S, DI e 1
1 20~30 mg, R OGE- VIEL A A PEM S B AL dE A T4
AT ARYE AR R B IR 2 MBS IR &R
SAMREERR, SR AIETHRE ATRY, &R
AP RIRAS,. TS, BRSNS, . B A



76

FIMBLEER  20244F2 H 9B 1)

M Sy HEFAWIT I S,55 A4 i 2, HARFRE N
T WMRE G E TR, iz 90 °C e H
AR 2 min, KRR SN R AR g,
RIRT A Ses THEZE 200 °CIAF & &S, TH
U F] 350 °C I L L RN S8 B Sy FHIR & 450 °C

JT R Sose BT, PR ST ER YRR AL AR N T
HWAZR, TE 600 °CHL B T fEE 7 min, HOAE S HY
FRAIRBERL CO,, SRS ZRAGIN 5% A HLIKk RC
. BARTHERAR T (£ )R,

223 A g e g g T (GC-MS)

DA AN I 5 A S5 THELZ 600 °C IWAHEE B AN N TR IR 75 P R N D e o3 2H Y 22

El b 1t
= . REmM | Colorado 715 \ E\;
Pelican/Viking 41 \ N
Joli Fou @
O Grand Rapids 42 2
3 P 1w % |
K =
g I % ﬁ J—{ = H’H ©
3 = HE
ﬁg ] Clearwater 28 B B E
3 IS Ti=
£ T o ) -
2 - Wabiskaw 2H = el i e
g 4] h I]IED( "(:
s EE2 McMurray#f e é;_%
Sy | e | S T sasaaa,
= NY R
g "
5 iR S it
_____ N\ =
L EL [
B B2 R s
PR V= R
wWaE BRARENDE EERE RERE SRERIREREL

B2 MERHFHXAHESEE (b) FZA X HE B E AR (a)

A AP ERRABRRNLE, SeRFEEHT MTRMEMNTIITAEL, SR TN ABENIE, KENIEFE
ENTUES B RTE, RhEZRmREAB LT L ARENRFIAY, EMiEEABELE 7.

Fig.2 Stratigraphic distribution of Athabasca (b) and McMurray Formation oil sands in Mackay River area (a).

Note: The colors in the figure represent different sedimentary formations. White is the outcrop of the incised valley formed
by the erosion of the Athabasca River, yellow is the sand that can be regarded as reservoir, and gray is the non-reservoir
shale or sandy shale. The McMurray Formation contains many large-scale muddy sediments, resulting in complex internal
structure of the reservoir.
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Table 1 The meaning of reservoir pyrolysis parameters and conditions of temperature rise program
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Fig.3 Typical photo of oil sands core of the Upper McMurray Formation in the Mackay River area.

Note: (a) Chlorite-bearing sands, 171.60~171.80 m; (b) Bioturbation hummocky-cross-stratrified sands, 171.80~172.00 m;
(c) cross-bedded sand, 173.70~173.90 m; (d) Cross-bedded sand, 197.30~197.50 m; (e) Ripple cross-laminated sands,
191.35~191.55 m; (f) Ripple cross-laminated sands, 195.70~195.90 m; (g) Heterolithic sands, 187.10~187.30 m; (h)

Heterolithic sands, 188.30~188.50 m.
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Fig. 4 Micrograph of the representative oil sands of the Upper McMurray Formation in the Mackay area(a: extremely fine

sandstone; b: fine sandstone; c: wacke; d: siltstone; B: bitumen; Qz: Quartz; M: matrix; RF: rock fragments; FD: feldspar; F:

Microfracture)
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Fig. 5 Grain size accumulation curves and histograms of four different oil sands of Upper McMurray Formation in MacKay

River area.
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Fig. 6 SEM micrograph of the representative oil sands of the Upper McMurray Formation in the Mackay area(a: the overall

image of the oil sands, some of the presence of black bitumen; b: the kaolinite minerals distributed in the matrix; c: the illite

and smectite mixed layer distributed in the matrix; d: the clay minerals in the matrix adsorbed a large amount of bitumen; B:

bitumen; Qz: Quartz; M: matrix; KI: Kaolinite; P: pore; I/S: illite and smectite mixed layer)

100 L [ ] 25%~75%t%iEseE
3.66~90.78 |  EAKESEE
— P
80 |- . HEE
)
2 60
i
40
x4 40+ 97~33.91 1.45~34.53
&
G
20
0~7.02
0 1 1
SRIHS JEhAD FEFD i3l
LE5HS,, EIiBS,, IS BTS2

B7 ZHYAXHKR EETREHMUABEES SERFE
Fig. 7 Pyrolysis component content characteristics of oil

sands of McMurray Formation in MacKay River area
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Fig. 8 Vertical distribution characteristics of pyrolysis components in the oil sands of McMurray Formation in the Mackay

River area
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Fig. 10 Correlation between oil content and grain size, sorting and matrix content of the Upper McMurray Formation oil sands

in the MacKay River area
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Table 2 Lithology and reservoir rock pyrolysis data of typical oil sands of Upper McMurray Formation in Mackay River area
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Fig. 11 Oil content identification of plates based on oil sand grain size, sorting and matrix content of the Upper McMurray

Formation in the McKay River area.
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Fig. 12 Mass chromatograms of oil sands bitumen saturated hydrocarbon m/z 191 and m/z 217 charges with oil-water transition of

the Upper McMurray Formation in Mackay River area
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Fig. 13 Mass chromatograms of oil sands bitumen aromatics hydrocarbon m/z 192 and m/z 198 charges with oil-water

transition of the Upper McMurray Formation in Mackay River area
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Fig. 14 Relationship between rock type and hydrocarbon content, degradation degree and oil-water interval distribution of
McMurray Formation in MacKay River area
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