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Modeling of Hydrocarbon Generation and Expulsion in the Tyee Basin,
Oregon Coast Range, USA
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The timing of hydrocarbon generation and expulsion from source rocks can be evaluated by reconstructing the
geohistory of the basin using petroleum system modeling. The Tyee basin is generally considered having a high
hydrocarbon generation potential. For the southern part of the basin, the basin evolution from a structural and strati-
graphic points of view, the thermal history, and the burial history were reconstructed and simulated using numeri-
cal tools of basin modeling. An evaluation of organic geochemistry for the potential source rocks and the possible
petroleum systems were analysed to improve the understanding of the hydrocarbon charge of the basin. Organic
geochemical data indicate that the undifferentiated Umpqua Group, mudstones of the Klamath Mountains, and coals
and carbonaceous mudstones in the Remote Member and the Coquille River Member are the most potential gas-
prone source rocks in the basin. The relatively high maturity of the southern Tyee basin is related to deep burial
resulting from loading by the Coos bay strata. And the heating by intrusion from the western Cascade arc also
affects to the high maturity of the basin. The maturation of source rocks, the hydrocarbon generation and expulsion
were evaluated by means of basin modeling. The modeling results reveal that the hydrocarbon was generated in ail
potential source rocks and an expulsion only occurred from the Remote Member.
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Fig. 1. Geologic map of the southern Oregon Coast Ranges (modified from Ryu, 2008). The NE-SW trend early Eocene
Umpqua basin strata is overlain by the N-S trend middle Eocene Tyee basin strata and upper Eocene to middle Miocene Coos
Bay basin. The three study wells, Longbell (©)), Amoco B-1 (®), and section 10 pseudo-well ( @0 ) are shown from north to
south. Section 10 pseudo-well is hypothetical well situated in the thrust fault zone that is considered having a high

hydrocarbon generation potential.
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Fig. 2. Tectonic evolution of Umpqua-Tyee basins (modified from Ryu ef al., 1996). The Umpqua basin was formed by
subduction of seamount terrane beneath the Mesozoic terrane, north-America continent, in the early Eocene. Tyee forearc
basin was formed in middle Eocene by resubduction and arc volcanism.
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Fig. 3. Lithostratigraphy and correlated lithology, depositional environment, and tectonic stages of the southern Tyee basin,
Oregon Coast Range (modified from Ryu et al., 1992).
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ZA ZAge sk A3k B 2 kY B A&
Ryu et al.(1996)°] 5 @2 3¢t Ahale] oA
HANET 12 FpulAle] A37) ol GEEeiA
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B 22 29 Asst 4 Apuet A EA s
& EE si3lon, o1& 33 7 AlFE E A 2
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Aere) x)gjst 24 2 A{Aj2E] o] AlBEHT
(e.g., Amoco, 1983, 1985; Browning and Flanagan,
1980; Brown and Ruth Laboratories Incorporation,
1983; Law ef al., 1984; Mohil Oil Corporation, 1980;
Newton, 1980). Longbell A5~ 43° 48 N, 123°
53 We] I% 121.92m, Amoco B-1 AlF32 43°
23 N, 123° 43' W, 7% 396.24m A3, section 10
7P AFEES 43° 8 N, 123° 39 W L% 0mol
AR gHFig. 1).

4.1, longbel AFEZ

B A)Ggolr] oF 180c7]9] AEE tideE Ut
o} X33} BA12 AAETh #A4E F3E o] 83t
W3E van Krevelen T ZA] TA)51tHFig. 4).
HI 3= 19~79mg HC/g TOCY =& w9z et
2 AFZdN AdE deleas AR gy T
9] 7l FEd AL ofFdnh & U f71=d Y
s Jehlls TOC 3 0.1~1.36 wt%= LFeRxt:
on B3| AJFF M 1,700~2,000 m 77+e] w|Es}
® o5 a5 gsledvt ANE JFsAel A
(fair) %3 (good)3IThy. HelA = 0.5~11wt%2} 7h&
RoFa Qloh(Fig. 5).

eslese) 93 Aewel FEg wdey] A9 A
22 EUIE REs} TS ARSI HIE
o E vAlE Zhe 05~2.4%Ro%) ghe vERo]
AFg W 58 A 7kelA Aao A8E 20 A
% o] Holg Ao® s Eri(Fg. 5). &3

Table 1. Organic geochemical data of the Longbell well, Amoco B-1 well, and section 10 pseudo-well.

Well Depth [m} TOC [wt%] HI {mg HC/g TOC] Ol [mg CO,/g TOC] Ro [%Ro] Thax 1°C]
0~1329 0.1~1.36 19~79 34~275 0.5~0.59
Long-bell
1329~2618  0.12~1.1 12~48 33~300 0.55~2.4 305~465
Amoco B-1 1773~2540 0.1~1.4 43~84 0.64~0.77  446~449
0~177 0.37~54.97 10~269 13~51 0.48~0.86  416~448
177~511 0.06~2.01 20~259 16~64 369~491
511~569 0.17~1.98 14~159 9~141 0.38~0.65  422~457
569~1135 0.37~1.47 3~119 9~142 423~470
1135~1519 0.22~51.35 45~314 5~43 421~498
section 10
1519~1641 0.08~45.58 24~311 16~306 04~048  420~472
1641~2590 0.2~1.36 3~87 7217 043~0.75  426~514
2590~3001 0.26~0.43 2~50 356~392
3001~3204  0.31~2.09 2~39 15~242 0.54~0.76  422~472
3204~3282  0.13~0.56 27~177 0.69~2.1
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Fig. 5. Organic geochemical analysis of Longbell well. TOC, vitrinite reflectance, and Tmax are plotted. The most potential

source rock is Umpqua Group undifferentiated.
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Fig. 7. Organic geochemical analysis of section 10 pseudo-well. The pre-Tertiary mudstone strata and carbonaceous mudstone
and coal-bearing beds of Remote Member and Coquille River Member are the most potential source rock in this pseudo-well.
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Table 2. The Input data for petroleum system modeling. The lithology of each formation is inputted as the ratio of sandstone-
siltstone -mudstone-(coal). Src means source rock and Rsv represents reservoir.

Well Formation Begin Age [Ma] Top Depth [m] Lithology [Ss-St-Mud-(Coal)] Petroleum system
Erosion 15
Coos Bay Strata 36.6 80-20-0
Longbell Tyee Mtn. Mbr. 49.5 0 90-5-5 Rsv + Seal
Umpqua undiff. 54.5 1328.56 0-2-98 Source
Siletz River Vol. 64 2618.05 volcanic
Erosion 15
Coos Bay Strata 36.6 80-20-0
Bateman Fm. 48 0 85-10-5
Elkton Fm. 48.2 54.71 5-25-70
Amoco B-1 Baughman Mbr. 48.5 44547 95-5-0
Hubbard Creek Mbr. 49 761.21 0-10-90 Seal
Tyee Mtn. Mbr. 49.5 906.57 90-5-5 Reservoir
Umpqua undiff. 54.5 1772.53 0-2-98 Source
Siletz River Vol. 64 2539.99 volcanic
Erosion 15
Coos Bay Strata 36.6 80-20-0
Baughman Mbr. 48.5 0 95-5-0
Hubbard Creek Mbr. 49 176.63 0-10-90
Tyee Mtn. Mbr. 49.5 511.12 90-5-5
Camas Valley Fm. 49.8 568.94 0-5-95 Seal
section 10 Coquille River Mbr. 50.4 1134.77 85-0-10-(5) Src + Rsv
Remote Mbr. 50.7 1519.31 80-5-10-(5) Src + Rsv
Tenmile Fm. 52 1641.23 30-30-40
Bushnell Rock Fm. 54 2590.01 90-5-5
Unconformity 54.2
pre-Tertiary 67 3001.09 90-5-5 Source
Umpqua undiff. 54.5 3204.3 0-2-98
Siletz River Vol. 64 3282.45 volcanic
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¥ H3HEe Siletz River Volcanics2HE] 2 Z& 3
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G oM AE wlo)eMel A4x A4, HA 2 A
o] dojt o] FEZ o]FoiA UrhFig. 8).

7} NFFORNE U HHZ Ax oabs 5
o AEE AF ARE EUZ AP Ha29)
HH AR A% 2 EARE Ryu et al.(1996)9]
4 2 4 BAHE 7122 4"eitieg, Amoco,
1983, 1985; Browning and Flanagan, 1980; Brown
and Ruth Laboratories Incorporation, 1983; Law et
al., 1984; Mobil Oil Corporation, 1980; Newton,
1980). 7t 5] P F4l2 AQtAEAE olgk (e
L2 FEEO F FqF 100%S 71E02 7+ Gt
AHE HIE olgate] veEpYeH ad wet azE

Table 3. Saturation threshold according to the TOC values
(from Waples, 1998).

Saturation threshold

TOC (wi%) (fraction of pore volume)

< 1.0 0.06
1.0 0.07

2.0 0.09
3.0 0.11
4.0 0.13
5.0 0.15
6-10 0.17

10 < 0.18

o) W PHEY gl Arhd wgE AR
7} Fvich gisolgr),

AR AT Bslrat wEElo] Faaol
& 3O o5sp) ). Balade) W Y
Yae 29 U I QT Bekrav) =
Sl 2RO BEke] W] AdEE ¥

bl o o



HlE BAE 0HRE BlelgA] i gsled A wize) tie RdY a7 65

3} 29 (Saturation methodye ARSI HjZo] A
2 ol U9 Wl el A FFIRI T
A% k(saturation threshold)®] ZTZ a8 71B 7R 0.2
o} Waples(1998)= A=Ale] ol F71tel] wiet &
e "k gl AA sl wiEel A=A
Wl glof FFo] F3he b ohEt AzAY F
A7 aEsfof 8, o met Table 30 A4
d e dHske Ao o FYHole Atsisict
(Lee, 2008). w2bA] zF AJFre] U9l ek 3}
242 Table 30 wet 0.06 2 0.098 YE3A
Astet ARE WA olFold ANFF B M AF
& W TOC, %Ro, Rock-Eval Tmax 52 =9
B ARE Agsislon] 44 ARAY dele 2
Qe B4 ola] Type IS A R-AZATHFg. 4, 5,

gl

24 ) Qe
e wsle) ATAel G mAE ol doin

& B4 o] 7EHom xole ARE U &
AY) A, 24 AFFY] NF2E F AR A
2% (bottom-hole temperatures; BHT) Ei= 43
d dA Xx EFgolth. & A7l e Blackwell
and Steele(1992)9] 7o w=t AAle] A% AFH
< Asiet.

Longhbell X332 3FE-252E] Siletz River Volcanics,
nEsld 23 2%, Tyee Mountain Member, Coos

121.92

Bay strata’} AgH o2 A=k Amoco B-1 Al
ZZoA % Siletz River Volcanics, 71E-3Hd 2 1,
Tyee Mountain Member, Hubbard Creek Member,
Baughman Member, Elkton Formation, Bateman
Formation, Coos Bay Strata} AEHo=2 HHzol
AT

EfAEGEYd] 913 section 10 7MF AlFF
Aol Bt 25S AMSEI] 815 Siletz River
Volcanics, P1E8lE &5+ 253} A2 preTertiary &
Zo] ERZEREOE HEE Rk Bl
Evkz Zgo 544 Maol A1ASI] Tenmile Formation
o] H&57] ¢l 52.1 Maoll Bul= 202 943
on preTertiary ¥&3 A9 Bushnell Rock
Formatione RFA#o 2 AAHL I AF=Es
Tenmile Fm., Remote Mbr, Coquille River Mbr,
Camas Valley Fm., Tyee Mountain Mbr, Hubbard
Creek Mbr, Baughman Mbr, Coos Bay Strata”}
Aoz FHHHAAUL 7+ HHZE] HE BA &
AW Zlole Ryu ef al.(1992)0] AL 2do| w2}
HA84 2da) vwsie] FeHos sk A
53 BFA YeRds 452 Coos Bay strata=
SRElo|BR] 9] MEellA Al A el o] F8E
FAHjo|EA HAH Fow gl ER) wE| A
Aoz Zo| B3 FH Elo|EAAA EAAL
2 Yehtes g33FotHRyy, 2008). °l= 15Madl

396.24

o Longbell M_—7‘ ‘sectxoniol [}/
o
% (7}
/
1000
1000 4 1000 4 /
£ i
£
a
o3
o
2000
2000 A
2000+ %
3000 i
’ 3000 4 =
2644.6 T T T 3069.1 T T 1.9 T T Y
005 0.1 0.15 0.2 025 005 01 015 02 025 03 0.1 0.2 0.3 0.4

Porosity {fraction)

e calcufated porosity
[ measured porosity
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Table 4. Heat flow values and erosion amount of Coos Bay
strata.

Heat Flow mW/m®)  Coos Bay strata

Wwell o
Maximum value Present value Erosion (m)
Longbell 83 30 1200
Amoco B-1 86 30 500
section 10 9”2 37 400

ohg}, GagEE=e] AR HIE: 1E
gkt ZROY WA ALk 3k vlask Ads
= Rdge 824, JHEle W =25 £ Dow,
1977; Waples et al., 1992).

doAl Bdo] otk 7 AFFe 84 EREe
Blackwell and Steele(1992)2] Hu| &7 dlolg &
F3ste] 30~37mWm? B9 gelM gHsin

0 - calculated %R0
° o measured %Fo
-]
(-]
-]
1]
L4
1000+
E
£
a
[
lat
(-]
°°°
[-]
2000 4 o®
0.1 0.50.71.0 10
Maturity VR LLNL (%Ro)
10
& 90
£
% 80
~ 70
3
g 60
¥ 50
40
30
70 50 30 10 0

Age (Ma)

Fig. 10, Thermal modeling calibration of the Longbell well
and correlated heat flow change through geologic time.
Over-matured sample indicates the intrusion from the
Cascade arc volcanism. The rapid increase of calculated
vitrinite reflectance values in lower part is resulted from
volcanic rocks (Siltz River Volcanics) that have the higher
thermal conductivity than the upper sediments.
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Fig. 11. Thermal modeling calibration of the Amoco B-1
well and correlated heat flow change through geologic
time. The rapid increase of calculated vitrinite reflectance
values in lower part is resulted from volcanic rocks (Siltz
River Volcanics) that have the higher thermal conductivity
than the upper sediments.

gslra A wiEe] et wdY @ 67

30~40 mW/m? Aol oA} ‘E‘rZM gk 2 FHE Iy
sl dRe) WIE f5sktHAllen and Allen,
1990; Welte et al., 1996; Figs. 10, 11, and 12). &
AA Aper F7] oA o|F <F 45Madl ElolF
A SR B AAE uEt Al SE|aAek vt
Ol QAIZIA X&HE A2A =5 SpHEEo] FFL
Foll BYsld FFFl vAE TS I
%‘-]Er%k E‘_"r‘?lo] ohd
A2l wek o 77Tk Al
> 1%—91 3 50| l"“ﬁ °1‘Ri~ Coos Bay strata®]
X 1,330 mell ] 2tHRyu, 1996). 1l
trJfFJr AHex rdze] BAYL AYses 5 Coos
Bay strata®] 3 T3 AlFg] 9xj¢ B4 13}
Al e gEstd Aasx 2d¥9

0
‘ - calculated %Ro
\ o measured %Ro
X
10004
E )\
g 0%0°
@ o
o
2000 4
(-]
-]
-]
g -3
) \
3000 ©
&
hid PR
. AY
0.1 0.50.71.0 10
Maturity VR LLNL (%Ro)
100
% 90
= 80
£ 70
2
260
3 50
T 40
3070 50 30 10 0

Age (Ma)

Fig. 12. Thermal modeling calibration of the section 10
pseudo-well and correlated heat flow change. The gap
between the calculated and measured vitrinite reflectances
is caused by the sediment's weathering and oxidation.
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Fig. 13. Composite graph of burial and thermal history in Longbell well. This well reached the early oil maturation stage at
51.7Ma and gas generation stage at 49.5 Ma in 3,140 m depth. Hydrocarbon started to be generated about 52 Ma, but no

expulsion occurred from source rock.
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Fig. 14. Composite graph of burial and thermal history in Amoco B-1 well. This well entered the early oil maturation stage at
58 Ma and gas generation stage at 52 Ma. The trap was formed between 49 Ma and 48.5 Ma. Only hydrocarbon generation

was started at about 52 Ma.
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