ISSN 1009-2722 TRV b R U 5 34 B 6 1

CN37-1475/P Marine Geology Frontiers Vo

134 No 6

NEHS :1009-2722(2018)06-0037-07

ZRAEH A Rukwa Z i il i

FIES BIERE

YR LHEAR BT WA

=1

(1 AT SE BB A R R ], L 5T 10002852 o [E ¥ 1 4 i E BR A B 7, Jb 5T 100027)

W E:MAFRELLST L Albertine &M HIR KT KoL 4% K R A FF R Fo 3K 09 34 5
WR, Rukwa 2MEAFRELLSZFPRAREERRG N, gﬁ’lﬁx’&f‘?‘ PRIk, A FH

2 # .42 F Tanganyika-Rukwa-Malawi i 0 L, BE A AFE > OB R, L F =&
%* =% % Karoo 2.8 £ 24—+ 3 2 Red Sandstone %DJ:%‘}T %— ¥ 37 % Lake Beds
ZREBE ABHELEBEERKTA 1l km, A& TR K., 2R A LF Karoo B &

REZER EA Lake Beds MIMARE 2 BB ENRBRREE. AR AHIFIWERER, LER
WiE B AEFKM M ERLF AR n AESEMHRITF . ENARADKER, BREZ LR
IR K EZ T,

KR AL S Rukwa &M B RF AL RB A IR BN 2R 2 %5
mESESTE] T EkFRIZAD : A DOI:10. 16028/j. 1009-2722. 2018. 06005

HAEZ 4 (East African Rift System, fij 5 .
EARS FHE I AR d bl b, i db & K 29 3 500
km, 58 %) 50 ~ 300 km, 76 ¥ i L 4> 4 % 76 PI
S AAT S A B2 TR R (8 |
ol e S U Y e A TR A S I
At me 3 Bl bk 8 AN (B 1. JLBr g
Albertine (B /R A1 ¢ 78 # 5 o Be 4 45 Kiva (i
f£) . Tanganyika (3HIE JE %) . Rukwa (£ %) , Up-
emba (A ) F1 Mweru(HF =5 €-) 703 ; 19 B o 4%
Malawi(E 7 4E) #1 Chilwa (FF /R L) 7, ZAE
MM REZ . 2 WansE">,

ZRAE LAV S Albertine £5 40 [ 2009 4E )5
AN W AR AR FE R TR B 832 X R A B S R R

Y #5 B H#5:2018-03-30
E£WMAB T =17 E R P E L IR E X <)
RV H 45 A T 7 (20172X05032-002)

fEER N EQ978—) B Wb IR TR, N

51 DY DR S5 5 BF 5 5 0% FL V405 740 T E-mail: hubint Bl RERGAXDMAE
@ cnooc. com. cn Fig. 1 Location map of Basins, Western Branch of EARS



38 Marine Geology Frontiers 1 V¥ Hb 5 By U

2018 4 6 H

b PTG T S PRI LR B AR IR AR

Rukwa Z b TV P B m . C R MK £
T AR BRI A R A AR ARG L PR L A A
U T N A AL AR X, AR SR
iy A0 M T B kL 5 2 AR T A R R Y AL
bertine %% Hi#E 47 25 [t . %} Rukwa %5 M i 43 il 3B
J AR TR AT gt 5 A L SRS 1 X
DX A SR T S BRI LA B L

1 DXt 51

RAR AR VY S A7 T30 35 2 W v hir e R R 2R 5
Pz Z 8] o [ I3 057 T 25 74 IX] BL 48 22 TR 45 45 1 14
Ml b, XS SR G A R o S A
AL SR AL T A2 R O M 1 T L R R Y
AEEAGE M A 7E TG S v R B A M IR
ZEEmMT 3 WAAE I AT AT H K
KA NE—SW & ] (1 7 4 A Karoo (K &) %
A NW-—SE G ] iy b A= AU B 8 248 R &2
NW-—SE GEm B AEAARIER S, X 3 AR
1 Rukwa 7530 B 3 A1 Malawi 75 #6358 69 2
A (E 2) (H YRR 2

(1) Karoo R 4 W] . 1z 5 M A ot — F 0k &

[l RaakeBeds)
[0 4 . Red sandstone)
[ 4 A xarco)

| [

o HANE

B 2 Rukwa Zit{r B (#FExx@tl611E%)

Fig.2 Location map of Rukwa Basin

(modified from reference [6])

1H . Karoo i i) 5 52 I AL 3 38 4k &2 27, 3 1)
RE28 7 1 ] FG 94 K it 284 ik e 7= A2 i 5K L g Fl AR
Pz 8] 22 5 Pk e i i B i i) 59 I [R) s
Z ) E 22 e bR 6 1] m AR U AR B AR L B R Bl
- A5 F 1 BT AZ B B R AE YL i Karoo iy
22 S WAR K.

(OB HNHRW ARP Db s A Ea (R
3) . BEE R P 5K I 7 AR B RV R Y 22 S L
K el 5 48 0T 22 0 By o 3 1 R DI R Bl P 3 A2 A T
A= BRI AR B i— FR 5 5 NW-—SE SE [n] iy
ZU 45 S, 7 Rukwa Fil Malawi 43 & J& 341 4%
i AP R 44 19 Muglad (B2 4% 342D Al Me-
lut B &5 45 5 A28 s 23X — i 9108 1
i,

) ZRARZEAT 0] B 1H: (29 31 Ma) I IR, 32
B Afar (B[R 20 M 4 3% 2 . R i RAE 24 R
AT B A AR R A T AL B B BTz A Al B IR 9
W I AL — T RERF R =X
My DY RAeERRREH PRI
T I B AR IS N AR B, 5
AR SR HE G SR A 1A AR i LT 3 A X 3
R R DO G Y| G W R AP R AL
EERK,

2 MR

Rukwa 7 #b 4b F 3H 2% J@ W 1§ 52 () g 35 . 16
Tanganyika %] il Malawi ] 22 [8], 7 Hbo 1f FR 24
1.6 J7 km*, K %) 360 km, $& 40 ~60 km, 3% ik 5
NW-—SEE [ (& 2)., #f — b A Ruk-
wa ) T B o K T DR AR D IR T A L E
AR BRAN AL 16 m™o ',

Rukwa # 31 (1 5 % £ 1 £ 19831988 4F 4]
4], EE i Petro Canada Il Amoco 2] 52 i .
1983—1986 4, Amoco 2% m] R4 T & Jj %KL FI
2 450 km T4k MR BEORE, U B E 2 5 km X
5 km, I JF & T Karoo & A M BF5E . 78 1987
L, Amoco AN FEERT T-1 H M G-1 2 O I (A
2) BT, G-1 T 1987 48 8 4k iR
1525 m, H&5# F—@ 4 A Red Sandstone 13T
M B Lake Beds 25 #2017, -1 H T 1987 4£ 9
HSE8 . IF TR 2 318 m, Bl IR #9751l A At



34 6 ]

55 RIE RS Rukewa &b A7 i o B Re AE 45 B4R T ) 39

Karoo., —#1 4= At Red Sandstone Hl 3 4= #
Lake Beds = R ZE #b 21, 1988 4, 7F Song-

we-Kiwira #[X & I 1T Karoo #E4™, [H 1988 4
EL WA FF R ENE ).

3 o .
il il R 42 &R #E VR 2
o =0 U e [ wew T T L PR o
# : @) ') () Bed
| s
=
~23 e
& R
F 54
~65 =1
5 e LY 1 »
= 3 Tkt Gk g
" 2
N 2
. :
z
~145 =
*EE
208
=
= ~235
& |+=2% B8, = MYIFE
%[22
ToEF o
BT i, i
B e ’
flmsein = ik e
== TheH
2B e R TR s
3
|
=h Tt 4
= HFT BT, B B e
= -
Flglpmmn s
b
: s
mamm| || i ==F
S [C=ln
HERE v

B 3 Rukwa 2R SR E (FExxml1]E%)

Fig. 3

3 ZHbghEAy

Rukwa Z5HAE LupaCFif) 321 5 1 J2 1 45 i
TR, AT X EEE 2y 1 000
km ) NW—SE & [q] 1) TRM ( Tanganyika-Ruk-
wa-Malaw) 87 PJ 47 (& DS, BA E W H o)
BIPESR . 5 Tanganyika #7645 B K [] (4 02
P A M Lupa 30 5% K W2 (B 2) 1) JF R &
A e A B A A DT O IR R R AE KIER
— B ALT Lupa K2R TR (8 D).

FEARITE 25 Hb 75 B #0809 74 3 55T Le 0 b ve
EiE R (B 4, S AR RE R
Rungwe({& ) k1) . Mbozi (4 40 1y . Ufipa(

Integrated column of Rukwa Basin (modified from reference [1])

JFEM) #o & . Masangano( & 5% H %) B #Z il Ruaha
CEBT G ) 75 Hb (P 4) . M3 o0 S 8 B2 20T
MR FITE E AL AT DLF L 4) 25 b AR e 5
BREE, ZBRYIEIT, & SW ) 5 i 75 4k &6
I A E A AR E .

4 HWEERE

C 2 HEFFIESE 2y AR E R E =K
EHZE : JI Karoo i W24 1 /Y Karoo B 12 .
RN ZA ) Red Sandstone #1)Z F1 & JE 2L A
i Lake Beds #1 /2 (& 3)., #ZHH U ZEHA“FE.
AT AT MR A R O RRRE B T A B 11
km 2B RAE S R TUBURJE 1Y 60 8 (HH 5
A JE AR /N AL T 25 b 0 K R A



40 Marine Geology Frontiers ¥ V& i J5i B VY

2018 4 6 H

R R

[ J#i4 FLakeBeds)
[0 4 7 (Red Sandstone) &
-Eiﬁ(Kamo)
W= xLE

o HEME

[ #i4 H(Lake Beds)
[ 54 5 (Red Sandstone)
@ # 4 F(Karoo)

[ AR ERLE

4 Rukwa Z3 ZEH B (B mkl6, 17]5 6% %)
Fig. 4 Structural map of Rukwa Basin (modified from references [6,17])

4.1 Karoo B2

Karoo ff#h )2 A g — 000 3 BHZE . IR
R BRI RS S R S BBV EE AR DT 2 Ka-
roo fif (1Y 32 2L TR Sy B S 9 210 4 0, 50K
e YOR K AR A e DR AR .
Karoo #f #h )22 5 %53 40 76 & b (9 7R pg 0 . e K2
BEAT K 3 000 m, Ivuna-1 454 2 3L, 18R 4
Karoo B /229 700 m'"™ . M2 R [ b 17 7 %
W R, P L3 Karoo Hb )2 & AL 800 m"'7 |

4.2 Red Sandstone it Z

Red Sandstone Ml J72 4% N 19 5 PR FRAE 53 Ry
Upper Red Sandstone I Lower Red Sandstone
(A 3), Lower Red Sandstone JE T H Y42, %
N TR RS A AR S Tk B
LR AR 8 £, Upper Red Sandstone & i
TR R R A AR AR E AL . BT
MR LR T2 Wiy E, #2A
I A 2T (A R R R B o A R R
B o 171 78 J5T 5 B 43 S B0 I 8 e e, 8 e
DT AR M 2 W 2 32 3 5 300 il 1T 9 0 BRI Bl
1%, Red Sandstone i/2 7 Rukwa %53t )N ELE
FEN 3K 2 100 m,

4.3 Lake Beds ith

Lake Beds 2 BT Fogrtib— S 3 ik, B A
IR LA R O LUK [ 45 1 0 5 i b s File &
S REBIE A Kl TR, R B R TR TR AR
B @ EEYIER A BTL 4 Rungwe k1L 22 3]
ol 8 8 T3 2 G R LR RS 5 O UCRR R BE B VG ) AR
B JE L AE Lupa 32 5L W2 B AT 35 31 5 5, AT &
3 000~4 000 m(JE 4) ;@5 F 1k Red Sandstone #h
J2 Z 8] — ARk LT 5 A BN R Hefih

5 A7 IH B ARE

5.1 RREEH

i G BOR AT A R H 2 T RE
PR TR o 1l 2 B Karoo 48 )2 5k 22 8 1 24 Al BT
G — G AH Lake Beds H1)Z (K 3) .

Karoo 42 BAT M 07 8 6 5UE BA B
M IR RA — W 5. Rukwa 251179
FoJ# 30 53 A 45 — 26 Karoo fFEGEH™, 40 42 b 7 L
# B Namwele-Mkomolo, Muze 5 8™ 1 4 Fd &6 1
Galula 4™, B¢ P55 7353 15 21 750 J7 .1 000 73 ¢ #il
1. 4 {2, t, Namwele-Mkomolo ¥4 )14 2 Bt 8 )&



34 6 ]

55 RIE RS Rukewa &b A7 i o B Re AE 45 B4R T ) 41

H5~6 m, LZE N AIEE N 0. 1~1.8 m, MEZ
PEAE I A KBV E OF A PR D R T TUA
T ERE R i AR WL T AR DL AL Sy
FERASTEN 24% ~T9% 15 AR 20% ~
69% % B 2H K 1% ~12%., TOC {8 H 25.9% ~
40.2% ,Ro fH R 0. 46% ~0.59% , T, (HE AR, 2
200 °C, MEEIKEER T (22% ~50%0) , B &% = e iy
ALk 7.8%, — Mk 1.58% ~5.81%, )@ T & ¥ &
PEIRIE . Muze S5 4 22 1 82 AU i 7T 3K %) 6
m, )2 HERF] 3. 75 m, #H It Namwele-Mkomo-
lo My X, HLA %5 i 1 1 ot 41 % & (3220 ~8920) , T
FE ML LA 2 S 32 Ro {8 0. 48 % ~0.52% , T 24
200 °C L MR E R Z 0 E A (14, 6% ~
57%) R B (0. 7% ~2. 833%™, Galula
SRB L2 0 A R 25 S B K (2. 58 ~4. 75 m)
TEEHR AT AL S 3 4 4 & =ik 51 5026 ~83%,
FeH K 2% ~17% ., Ro fH K 0.57% ~0.66%,
T AR o 2 I J0T 55 8 305 3 450 1 o G 308 AR T3
AR 34 Y% H 23%  J8 T AR S R
Zi bl H Rukwa 25 #1 (1) Karoo JZ 1 # i i
B2, HpxX S A T s R A i Bl — Le /) Al
JHL TR H DA T e e i H: AR R R U T g R
2. Karoo |2 T AHEE R B 5, 5 5
JIG P9 AR 15 B5F [ DG M 2% L XL, B Karoo 2 /E
J AR X 7 1 A4 3 b SRR L. O H Rukwa 7
MBS A, & b 1 AR W 5 2R 1Y 1 3 G B R
S AN TR b 2l i G Z 7R RS Y Rungwe K1
TR 43T B, 3k SE R 2R R B 1 Bl
AN F]F Karoo %88 19 - 17
G H G WA Lake Beds Hi 2 #H & HF
wE L, BT M ZE DL g, R E K
(38 <<2 000 m) , H {if Al f8 2 &b Tk WA o Be

5.2 fEE&FH

I D e A 58 HOR F L AE Karoo 2N
#B .Red Sandstone 2N & lake Beds & N &84
A FZEMmEA A (K 3) . Karoo EAfF7E
FRU T = AN T & B WD A 2 . FLBR
>12% . BEFRR KA 1 320<107° ym®, FHy
143X 10 % ym’™ ., Red Sandstone JZ 1] fig &
BRI —h A A — b S5 MUK D 5 Ak 2 FLBR
JE 13% ~26% . % R N (130 ~390) X 107°

pm’, EE LUK A L8 £ . 7 Lake Beds 2 N #f
WAl K B A M)Z. L =& 4 Al Lake Beds
WAV A TR XCBUE 35 2 . L R e A T E
R R )2

5.3 BlAsH

3 o b 52 ) T RS- TR D23 43 A 1 (IR 4) T LA
Bl AMANWEIR KT B2 AR ke, 2K
It Albertine 75 H1™ , Rukwa 233 Py N DL 38 A
KN Wr e P A 2 R O . BRI R AR L P AT A
PR A AE LA I

5.4 HEHEXSEFHHERER N

Rukwa & #0975 o 8 0 J2 )5 HE e R wl ik 11
ke, SCHERL T TF0TI0  3t 1) 2R 19 90 47 7 — 5 Vi B A
D U5 VA R it 5 2 AR R R PRI
FIREAFTE 2 BSOS . D A AR A 6 B 5L
T A SRR s TR A TR T DX AR A I R 1)
i ¥ 27 A S A v R (IR 5) . Bl R A O B
TR WA RN K @ W7 B A= LAk
JCTBARE 2« DATR T DX A 1 3 0 T 2= 3 1) A
I ¥4 325 15 A2 A%+ B 1wl BB = 2 4 BT (P 5D
MW B R GERA T A T SR B PR A L R
J A X ] R 5

6 FEXIS 5 A6 E M

ZRA 5 I8 T A b 1) H PR R A M T A%
P s BB LT KU 5 A B o 1

CL) J U5 2 2 b 8 1R 7 3 2 b o XU o 7
AR A A PRI B R0 2 DA IR R R, R
R EE R R SRR, Karoo |2 B AT — &4 K
7 AR T BN AE HE R B A AE 5 1 30 ) 325 A DT D
MR, TG 2 F 07 A i bt — S
Lake Beds Hii 23 1 58 ¥ , 42 U525 0 A . &b
TR KR A TE A A R 8, H A2 E AT
A4 e, s R .

BN G R ER KA ENE. B
T A b ) 8 R AR ARG, 2% T SRR Sy B =, %k
Z b B DA M 2 AR 2 E AT A it KB
A GOREIEAT Y M2 A B 7 58 RN LR BE A AR BOR
() AN o Pk



42 Marine Geology Frontiers

T T 3 R VA

2018 4 6 H

TUARTE M s

.
Beds

— w2
——
—

HER T~
Red Sandstone

5 Rukwa Z i i i X B

Fig. 5 Hydrocarbon accumulation model of Rukwa Basin

7 4Eip

(D)3 2 W 5L 4548 . A2 T TRW 59 4747
BAEWN R, K8 -&F =& % Ka-
roo, ¥ & — 1L & Red Sandstone Fl I # % —
W4 Lake Beds = KM, TR b 2 5 F B
e RAGA 11 km, H R (7 28 fL AR K.

(2) Ja U5 J2 2 by 880y R e 3 5 0% M o MU . 2
N A7 AE 2 B IR I Karoo R IEUA IF 1%
AR5 0 30 R T AT O AN DR I A KU
s —EH 4t Lake Beds #h 2 SR SRR %,
i) AT S A LA R R IR

(3) HE 23 AR P &8 2 AT A B4R X . 2 4
R BB s 45 &0 R KA B
s 8 SRR

(4) 52 3 by $O % A B8 FVAUT 5 2 1 B 244 i 7
NG 18 1 A7 78 3R i

BE K

[1] THS Energy Portal Version 2. 0. EDIN [EB/OL]. https: /
my. ihs. com/Energy/Products

[2] Kreuser T. Rift to drift evolution in Permian-Jurassic ba-
sins of East Africa [J]. Geological Society London Special
Publications, 1995, 80(1) . 297-315.

[3] Morley C K, Nelson R A, Pat ton T L, et al. Transfer
zones in the East Africa rift system and their relevance to
hydrocarbon exploration in rifts [J]. AAPG, 1990, 74(8):
1234-1253.

[4] Aanyu K, Koehn D. Influence of pre-existing fabrics on

[5]

[6]

7]

[8]

9]

[10]

[11]

[12]

[13]

fault kinematics and rift geometry of interacting segments;
Analogue models based on the Albertine Rift (Uganda),
Western Branch-East African Rift System [J]. Journal of
African Earth Sciences, 2011, 59(2/3); 168-184. http: //
doi. org/10. 1016/j. jafrearsci. 2010. 10. 003
Johnson M R. Stratigraphy of the Karoo super-group in
southern Africa; an overview [ J]. Journal of African Earth
Sciences, 1996, 23(1): 3-15.
Roberts E M. Sedimentology and depositional environments
of the Red Sandstone Group, Rukwa Rift Basin, south-
western Tanzania: New insight into Cretaceous and Paleo-
gene terrestrial ecosystems and tectonics in sub-equatorial
Africa [J]. Journal of African Earth Sciences, 2010, 57:
179-212.
Delvaux D. The Karoo to recent rifting in the western
branch of the east African Rift System a bibliographical
synthesis [M]. Tervuren: Mus. Roy. Afr. Centr., 1991:
63-83.
VFREN]. ARAE 24 274 3P g B Karoo M2 43 A 45 i 5 #)
RIS (1], # MG, 2014, 33(1):14-19.

Bumby A J, Guiraud R. The geodynamic setting of the
Phanerozoic basins of Africa [J]. Journal of African Earth
Sciences, 2005, 43; 1-12.

Chorowicz J. The East African Rift System [J]. Journal
of African Earth Sciences, 2005, 43(1): 379-410.
oo, ik A, bR, S L0 A Al SRR AE K
Hoab "W EE gy [, #2404, 2014, 21(3): 155-165.
Bosworth W, Huchon P, McClay K. The Red Sea and
Gulf of Aden Basins [J]. Journal of African Earth Sci-
ences, 2005, 43. 334-378.

Kim S. Crustal velocity structure of the Rukwa rift in the
Western Branch of the East African Rift System []].
South African Journal of Geology, 2009, 112. 251-260.



34 6 BB RIERAS Rukwa F0H0A7 Tl BURFAE S5 4 T8 43

[14] Kjennerud T. Short term development of intracontinental in western Tanzania [ J]. American Association of Petrole-
rifts, with reference to the late Quaternary of the Rukwa Rift um Geologists Bulletin, 1991, 75 1255-1263.
[J]. Marine and Petroleum Geology, 2001, 18: 307-317. [19] @& . #isc, ) . RIEXA Tanganyika 3% A il
[15] Delvaux. Late Quaternary tectonic activity and lake level Mo SRRAE AN B 1 v b (T ). E R A, 2016, 3
change in the Rukwa Rift Basin [J]. Journal of African (1):14-19.
Earth Sciences, 1998, 26(3): 397-421. [20] Semkiwa. The geology. petrology. palynology and geo-
[16] Damblon F. Identification of a fossil wood specimen in the chemistry of Permian coal basins in Tanzania: 2. Songwe-
Red Sandstone Group of southwestern Tanzania: stratig- Kiwira Coalfield [J]. International Journal of Coal Geolo-
raphical and tectonic implications [ J]. Journal of African gy, 2003, 55; 157-186.
Earth Sciences, 1998, 26(3): 387-396. [21] o CH. XU, WEE. . AR AR KRR S BRI K&
[17] Morley C K, Karanja F M, Wescott W A, et al. Geology MBI RN [J]. BT, 2008, 27(4) . 400-405.
and geophysics of the western Turkana Basins, Kenya [C]// [22] dkmI452, & BPG, MRaRm, 5. ZRIE Hb X UORR 25 b vl <00
Morley C K. Geoscience of Rift Systems-Evolution of East T8 [J]. RRTHBRAL . 2007, 18(6): 869-874.
Africa; AAPG Study 44. Tulsa: AAPG, 1999. 19-54. (23] B fli. #H3CWT. B 3. %, RIERA Albertine ZH 1
[18] Wescott W A, Krebs W N, Engelhardt D W, et al. New il S5 A% O B R A C) . D] R 2 4R, 2016, 36
biostratigraphic age dates from the Lake Rukwa rift basin (2):275-279.

PETROLEUM GEOLOGY AND EXPLORATION POTENTIAL OF
RUKWA BASIN IN EAST AFRICAN RIFT SYSTEM

HU Bin', XU Zhigang®, HAN Wenming', JIA Shen', ZHAQO Wei*
(1 CNOOC Research Institute Ltd. , Beijing 100028, China;2 CNOOC International Ltd. , Beijing 100027, China)

Abstract: Since the breakthrough in oil and gas exploration in the Albertine Basin, the Western
Branch of East African Rift System (EARS) has become a hot spot for research and exploration. A-
mong the basins in EARS, the Rukwa Basin is the one with thickest deposits but low exploration de-
gree. It is a pull-apart half graben characterized by strike-slipping, located in the Tanganyika-Rukwa-
Malawi transform zone. There are three sedimentary sequences in the basin, i. e. the Permian-Triassic
Karoo Super-group, the Cretaceous-Paleogene Red Sandstone group and the Pliocene-Pleistocene Lake
Beds respectively. The maximum thickness of total deposits may reach 11 kilometers with great hori-
zontal variation. There are two potential source rocks, the Karoo (coal and black shale) and the Lake
Beds (lacustrine mudstone). Good reservoir-seal combination and good hydrocarbon accumulation
conditions with well developed fracture system has been found in the southeast, the favorable explora-
tion area of the basin. Source rock is the main geological risk of the exploration in this basin.

Key words: East African Rift System (EARS); Rukwa Basin; petroleum geological features; petrole-

um accumulation condition; exploration potential; source rock; overseas



