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Accumulation Characteristics Between Shallow and Deep Layers
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Abstract: To address the issues of inconsistent cross-regional stratigraphic division and weak
integrated evaluation of deep and shallow petroleum systems in the South American POM
transnational super basin, this study integrates drilling, seismic and experimental data, quantitatively
analyzes the basin's tectono-sedimentary evolution and hydrocarbon accumulation elements,
establishes hydrocarbon accumulation models and assesses resource quantities. The basin's three
evolutionary stages ("cratonic margin - rift - foreland") and the horizontal zonation characteristics of
the three belts ("western thrust belt - central foredeep belt - eastern slope belt") are clarified; the
shallow layer is a "mature and efficient type" petroleum system, dominated by two-stage charging and
bidirectional migration, while the deep layer is an "underexplored potential type", characterized by
single-stage charging and vertical migration. The undiscovered recoverable resources are predicted to
be 7.01~10.61x108 tons, and three types of favorable exploration areas are delineated, including the
conventional oil and gas area in the western thrust belt, the conventional oil area in the western slope
and foredeep belt, and the heavy oil area in the slope belt. A unified cross-regional tectono-
sedimentary framework and differentiated deep-shallow hydrocarbon accumulation models are
established, which provides key geological support for the exploration strategy of "tapping potential
in shallow layers and achieving breakthroughs in deep layers" in the basin.
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Fig.1 Cretaceous evolution history of South-North American plates and tectonic setting of POM Basin
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Fig. 2 Tectonic Outline Map (Plan View) of the Basin
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Table 1 Main Cretaceous Depositional Facies Characteristics Comparison of the Basin
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Table 2 Characteristic Parameters of Stratigraphic Correlation of the Basin
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Cretaceous Napo Formation of the Basin
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HEFEGEE AN AT R Napo 41 Hollin 41 (B 8) , WEMEN FAES- 5T R Tena 4.
Tiyuyacu 4. Orteguaza #H. SZUTHURTES], HIG R AR EE T EERME2 B, B w5,
FRAR PG 2R AE -

Napo 2N FF16k)2, F41508 ML U T % 3 MPAE, DURAHCAREESEIER . v iE
W EYH RN E (B 4, BERASETE-FAEDE (SO08EKA. HE. B8
s -mILE B g H, FLBRE 10%~31% (B{E 16.5%) , BER 21~1746mD (¥4
539mD) , AR LURARIAAL N T REA B EmRAESL GHEE 15%~25%) . %k,
R IR, A HOTE A B E R, MEREAR, AR FEM MR R (U
4%, 2017, 2018; Ramirez, 2021; ZKAF, 2024) o ZHAICEHEIEREMN R ZE, MNAE
10 AN NI AT AR, FLEE 7%~12.6%, 2 IR Efik 2 Bl s R A/ o

Hollin 2Lk EJM#)Z, BANM- W ENEGUIREAR, KA. =M. 8,
WEAHDURY, AR A DTG S P o ok, T S0 2 A A 725 1) 8 8 (1 e
e (B o B EUEEAED S NTE CRESE 60%~70%) , MIKEESRAWE. 2/
W ERE, POMIEE R WA B 2002 0UH ik ve i dl, FLERE
11.8~18.3% (MIMH 15%) , EiE% 32~1039mD ()M 318mD) o 7EH PG s i - mi s o B 22
TR, AL TS A M, DR SEESE, S§-hEARRSERNE (REMEE
8%~15%) , VUEBZAIEHT LMY 7 (FLBREE RS 2%~3%) «

Tena 2 9IRENER, JBINA-= MM EARRI RS &, BREH GYMEL em) |« ALkt
Z=, YPEELE, FUBRE 13%~25% (MMH 17%) , B#EF 140~1500mD ({A 353mD) , Rk
MH AT, Tiyuyacu 4. Orteguaza 4K BRGNS (A%, 20165 MRA5R4E,
2019) , HEMZE R R al N A k)=, H AT el TR .
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Fig. 8 Shallow-Layer Core Photographs of the Basin (a: The upper and lower sections are sandstones from underwater distributary
channels; The middle section is silty mudstone from interdistributary bays; b: Braided river sandstone; c: Coastal plain sandstone and thin
mudstone; d: Tidal-modified shoreface facies sandstone-mudstone interbeds; e: Open marine glauconitic sandstone; Note: a is from the



Napo Formation of Well Fanny 18B; b, ¢, d are from the Hollin Formation of Well Gacela-1; e is from the Hollin Formation of Well Jaguar-

D
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KEHRUALRRZE (B 8a) Ml /RXBHEENE, HEMIME. HMhfE. X%
2 NHIER Tena 41, VUBIT BAMEIR I AN RE L AR IR S, s des e, B
300~750m, PYEFETIHE ROEZHE 750m, BEAESNELF, ROUE ik 8~12MPa, FIA RLFHAH
AR R R A A 2R Napo ALNHE 3 BRUE M IIRIREE (A By C IKAEBD
KMleaFZE (E 4, JBE 10~30m, K% ) 4~6MPa, 5 Napo 41. Hollin ZLH07AitJZ 1 ik
“fif-me” AE, BERER .

TRAT S5 A SZ G AR T MR RS BB ), AR A . 76 S by ARG T Bk, {3
Tena ZHVE#H ERER. Wk, ARG S LR, SGH2 0K NE 38U kiR, &
FRHTIH A MG %, Wi Z N W, RO R B ES M, AR TR ARFRHE

B2 RS AR (Tena 21<<300m) , (HME &S, H Napo ANERKEEKE, TIRedEFra 2L
B, (A% X FEHEBEIRK S BUREFIME .

2.2 I 5 B 5

2.2.1 F RSB

R GBOEAE “PIIITEE . RIS . WG A, SO ARITRC R 4 (B9 .
JRE AN JJCAEE J L RS . WA TE I R R B — D G R - L e
(#)30Ma) , ZHPGHIAT I Napo AU HE NAE IR, AR B -HH eI < Napo 4.
Hollin ZLEZSRARMEM R K EEEIZF (50~80km) , WMAEEMEEHIZRGE, H&REF
ZRA T M- A B, oy SR R AR AR . BB AW o 24 () 10Ma ISR, fE
bR T X AR R 52 P A i e BRI, 52 W 22 B 4073 L 38 30 3 R UK - ARl I 2 B A TR
H, WA RS2, R T P AT B X, GBE J) LE S e, )
. Maranon K%L Jibaro Ji H [ JE i A (A1 7R (Zumberge and Lay, 1986) , NS
SRR BRI R B AR S (Crrieke) 5 R IE (CustER) WRA, IESERHAEIE S Wiig
% (Higley, 2001) . IR NI —ZMAEFIKFE Napo ZUM Hollin ZHELNMAE,
APREEEER A ZREMIEHIEY A R, EREE 300~500m, Wi
SRS R, SRk
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Fig. 9 Petroleum System Events Chart of the Shallow Layers of the Basin
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Fig. 10 East-West Tectonic Cross-Section and Hydrocarbon Accumulation Model of the Basin

2.2.2 EH B

b g SR AR B AR 0GB, 2 s Bl AR AR IR T B BRI A SR
PR =N FAa ], SOBOS AR BT A SO RRIE . JRA ISR T AR R Napo 4R JEA FHAE
RG-S B, TERTM A R S KEEEE R T, K2 RBER (X HAE,
2014) : —RAEMFFRER, PRSP, B GIX NGRS B8 AR R G
<65°C) , AR E B o fR I P R be e, R B ORE BE v BRI R RUKBRAE
R, RABKERREEA SRS, BRI RR A S (K5 Tk d B
30%~40%) , FREAEFHS BER. KD BE (FEIK 25%~35%) : =28 IEH, M




TV B B R AR, RS KA AR AR R B R PR A 0.8~1.2) , BE—2B gl
FAL o A S B E I T O G R R 2R, G I T LUK 4 22 55 T3 ) A 78 v e 3 2
KUFFETE WIZEAG, MR 7 SR A sl s AT, B AE AR KR N BRI s 1 AR
WG X 85 2R HZBEIRK, RAEFMARZ, FIFHRIEERE . & s 2o,
% E<20°API(American Petroleum Institute Gravity, J&& 44553 VRN F8HR), R ATiA
20.4~59.3mPa - s.

I R A A OG- K PR RS B, R THRE AR, AT
A E 5 s e R EERE ] . Napo AR A i U0 )3 A2 SR hamsi,  J5 A vl M P 3 AR
H [ ZR BRI K IR BB/, BRES T 80km, RS KU RIAE YIS, e R
25 Hh 2 0 P P B R P A P SR A, SRR S B PR A R R ] (BRARSE, 2021) o i
N Oriente IR AR ER R A7 1 Ishpingo ZiH H (Napo HA1 Tena A2, R A A R A &
8600 i, 15.5° API), fiiT Oriente /X7 75 CIE 75 Hb it 5010 5 5 4 PE 5 >200km) , iE
S 73 by A P 8 38 8 B 3 ) R

2.3 BLRY IR
2.3.1 Shushufindi % $E &

fi T JEJRZ /R Oriente REAFTINTY, 22 WG ILEE B 51 K AT 12 40 R4 W) 3 S0 T B )
rALE A e B K AT R M (4K 35km. B8 10km, FEILXE A A =508 67m. 113m)
HRARBKEHRAWEE 91.4~106.7m HIAES: &AL E, F14EE Napo RS T #
T 2515m, JRBRH/K AR 2650m (IHS, 2025) ; MK S 3 BiZE, TN EAES
Napo 207 FIYSAH T U BOM-HIRD A (&S EL 90%) , b T BONESR LB ME CPAL
B 18%. BiER 450mD, HAKEREE 13m) , U BEBESER, WERZE N D kR
HEAE-THJERERT Tena b ; DL ZESE Napo A NIEIEA, Napo LZ[HEA S Tena 4HH
R ENRERE, MAE Hollin 4R 50N 738 7% 2 Pl P, 39 DRI W S0 3 A 3 1 1 28
J& it m 2R S T UK - AR SR R s s O R e, BAREE . b
RFIE, 1969 4ERIL, RIUITRAGE 2.6x 10800 &, #Z 2024 £ R1Fr=l 2.1x10%0, 725
127.0x108m?,  BIRIT AR SEBIESE 1 125 F i RGBS A 350k

2.3.2 Cohembi E iy

B FHHEEE Putumayo IREZR R, SWAKFEAEEA T S r A6 E s AR (K
8.7km. % 4.2km, MIGTHAA 25.6km*, THFEBHEVR 2700m, AR EE 38.1m) , AN MM,
Ve A1 56 B M 2 U A S AN S T g B B e A ) 3 0B S2 R Napo 41 M1 BER
WG CEBIFLBRE 22%. &i&E% 2500mD, PH)EREEAN, RRABERE 5.8m) + L EE%E



4i Napo HYEH AW, ULdiHitt Tena 41E 25~750m. JEHIEHR X I 5 MAR & o5
B, RIS iR E S R - A SR R, AR A KBS T AT T I A (]
5 08 U TR thE - L RO T AR R I T UURC R4, S 2 s g g . R R R A W
BAFRTE . RAKIE NSO T B, 8 i AR SR ST P R I B s TR
A ELAFAE, 1989 SER B, RIATRALE 0.12x 1080 245, 2004 FE/KIKFF R, #E 2024
R 0.04x 108, 7 0.82x10%m®, S HTKICE 28% (IHS, 2025) , HHRIF K SCBIESE
T I B A R

IERBEEHRRS

3.1 KM RER

3.1.1 BIRAE

WS B IE O 5 B ICRPESUR T, A HFUAR, AR EAAE | BREM 2 B
fERIRA (R2) .

REFERFE AN =S - TP AR Santiago 2, LRI S . RS NE, *
KNGS, EESAAEZ PRI, AU E TSR AR X B AF, S1+82 14
2.5~6.8mg/g, ARG AR L, ARG T M A R R A 4], HT b
TR - AR B, LRI, 7E Maranon IRZERG S (HEVR>5500m) AIREHEANAESE,
WMEAMAET), RBMKEARENREES (B 11 . Chaleo INA, R LML E 2

Maranon IR G F ) 1 IR, 40 70% IR 2 SRl AE FLAR 5 - it (50~22Ma) Rt

(Chalco and Valencia, 2008) .
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Fig. 11 Petroleum System Events Chart of the Deep Layers of the Basin

REBTEIRIR A NV & Pumbuiza A1 —& R Mucuma HiFAHIES . EER/D, 11 HF
FEAR, TOC & BAHXTEUR (915 0.3%~1.2%) , AT E s B, S1+S21% 0.8~2.2mg/g.
EAFE NN B R R A BAMRE ) RIEmAEE oS APTEERR, Ui



(<1%) F#E5 Mucuma ARV AL, ¥ Maranon K7 PEHBALYE 7] 73 4 (Mathalone,
1995) + & ZRIEIE M MR L (P 62.7ppm/41.1ppm) Ik T 1 2 & R U5 5
(216ppm/57.2ppm)  (GeoMark, 1997) ; fEFNFHRHWHEC FMRZLE L, =88R
H ¥ FR K X R, B4 Maranon X751 Corrientes i H 5 AT GEk B T =& RIEIEA
(Mathalone, 1995) .

3.1.2 2

RERKE —Z-1k¥ & Santiago 4. K- & F Macuma 1 X8 % & Pumbuiza 4 —E )2,
AR SRR RSB RHE, PIVEZDIRUA BeaEH RAGEiE sl . =& -tk %
% Santiago AUAEEAEE, WIGBHMR- =AM, EHAMRSE . B8 (hiRE,
2017) « WAEEEWTE KX, FLBE 8%~12% (BMH 10%) , BiER 1~5mD (BE 3mD) ,
ZORPUETAEH (REHE>T70%) FHMMERZE; R EMHZLRE 10%~20% (H1{E
15%) , BiEFR 5~20mD (JY{EH 8mD) , LAEMALER (30%~40%) FURLEFLER (20%~30%)
NE, LA 0.1~0.3 um, HHEHEEREWMILRZ KA AR AR . R
- & & Macuma AUNIRIBHIVIR, UIHEREHENT, REKpE, JEEL 750m, FE5)
AT AT, LB 6%~10%, BiEF 3~8mD, LIRLAfLADERmILNE, moa/ER it
THEE B W, DABRIE SEAIS A IR A5 NHRIE (RS & 20%~25%) » RiltiE e Lk E
XZEFRAIRTTE 10~15mD, NELEREZE . Ve R Pumbuiza HI)yEIEHTIR, BLr EEAR BUK
#. WA RNE, L Sacha Profundo 1 &/ DGR, IKAEILBE 6%~8%, KIAREKRT
XIZEFR WAL 10~15mD, Fb A fiff 2 AR 5/ FH AT 9 s S Re i, FLER AL 4%~6%, BiER
<5mD, BUIVRIURBELEMZ (THS, 2025) .

JE AR IR B A 2 s B3, A 5 PO (DTRUE #E>300m/Ma) 5 3 42 AL
PUREOR: W B HLIR 2 5 (K Dl A E F AL R LB AR T 3%~5%: A9E. J7 A a1
FH I B 43 DX S L B PEE PR AR 5%~8% 0 DX 4543 A1 357 Joi B3 T 72 by 6 35 AT 7t SRR IMT X, i) 2R [T
JERVEAR JOB B ER K, 2 BE A IS S5 5 2 R A7 26 F 4% . Santiago HEEN B ML,
HEN Macuma ZH A1 Pumbuiza 2 7E J& #f b3 i il e 4% K B X B & eV RE

3.1.3 ZRE5RFX M4

REE LA - R RN e s IR A AT, RS, BRIy, Gt
ZXEMHE. O AR-—8 R Macuma AJe’s (JEREZ 750m) « Jefi & Pumbuiza H e & K
Z REE 20~50m) K& —=Z-1k% & Santiago ANFRRI)Z, HHLLEE RS aEAE, &
5 IR SE AR 45 G FLIRE <5%. BiEH <0.1mD, %K /7 6~10MPa, H:r Macuma 26 %
MR E, NRZEERMHE (HS, 2025 .



RAF SRS 1 2 U MG SOE Sca R ], B AR SS TI= o o vy B Ak s SR [
X, fe/RIEER MR, ZMEIESR N, R A AR A EIILZX, R
DRIt = R ok 5 B e, H AR SRR AR AR, S e s B, R RS ALt T
RE R TR OB IE -

3.2 BBHLH] -5 BB

WM AR “— W E . ZWER T RAEFHSE FHE, SRR TR
WA FE M - A AR N E, =&tk &R Santiago . A K-S F Macuma 4
TR A TE VRO R E AR IR TR, AR b - sl A<, a7 e i 5 M i 5 e 1R 0K
&) GEETTHR 7 H 55%~65%, A& 57 DTk o5 bh 35%~45%) » B [ St HLIR VA Tl A FH T Ak
IR AE FLRE S M I BB R A 5 I 45 . Ie B R A 2 il R S SRR B R B I iE R
JRBR, AAE R B ARE A XS BUE BE B (<30km) JEH, A Santiago ZHLBRIR £h A v hFL- %4
RGO BEW AR, EAISHNT, IRHEREIR LG REET, 1EF2 RS 800~1200m, K
ZORRLE S5 REEEBIERE  FROR . BUZ TR AT SR AR 2, PEEIRIMIX 55 2 5K, %
REJTHE, R FEERKIX ; REDLXZHZR, BRIERBIR, R7A02E, R .

RE R BRI GEIE S, 1% “MS AR RESE” ZG—R5 =K (H 100 . OFH
T2 S - Y P R TR b e 2 TR T R X Santiago ZH. Pumbuiza ZEHBRFR £ 5 28 WA Tk T
VEILBR, MG REEVIE LR R G, VR R IR R LN 4 SR, B TE BRI
Hh A AR B B P R R AR, OFE Shanusi IX HFENESE, NIRE EEAGRE N @R a4 S
I GRS AR IR =Bk RIT- =AM A E SRR, PR, R
RESEILH R BN A A%, 75 R IR 242 ) (M M = A 2R 5E . Macuma IR R At R i 35
PRGBSI /MBS SR, I Putumayo X7 PR Z AR B LN LMK : @ [0 & A
Sl A B ERDE R A SRR MR R-RE RIEE , /E 92 A& Hollin 4 52 Napo 41
WhE, BB LLERWR YR B, A O R E R SRR IR, OB AT
Hz T (e TR D, I ARTEAC AR R P IR R R SR, AR IR R R R
AR JEM E (40 Corrientes Capirona JH H ) ik~ — (Spacapan et al, 2023) . %JZ
Corrientes « Capirona il F J& il 40 42 b ( 85~102ppm/38~45ppm ) #+ T H ¥ & K
(216ppm/57.2ppm) 5 =& Rk JE (62.7ppm/41.1ppm) 2 18], BRFEALE §3C H-28.5%0~-
29.3%0, AEWIIREMEIR Coof it & 8 5 E 35%~42% (AT A2 R KIE 55%~60%5 — 8 R KA
25%~30%2.[8]) (Higley, 2001) , EEZRE A SRS DTk, [HBEIE ST A 250k -

3.3 BLAIS5K (Shanusi 1X S3E)
{7 FAE Maranon IKZLFE TR R R A MIEH IR X, M — -5 = S 1207 (F F ],
Sl F1 S -1 0 A0 RS AV A (TR Skm? . MAAEE 120m) : ENEENKE &



Santiago ZH &A= RE M IR S BIR 2 (TWIHI YR 4470m, SKJEE 18m. HAUEE 10m, P
BIFLBRE 15%. 5% 8mD) 5 L Santiago 41Y8A NG A, M 1 tH-pog tH 77 220 b 76 350 ik
AOFFEE R, UEREASNRESRE: MARHERESENESRES, REEN (R
1.5) BRSNS WEKEE g R B B, LA (4 40Ma) EREKITRE, RAAE
DA RURAT, i 3 MR R 2 sl = ~OBR AN TR (& & 95%) , 1975 R
L, PREFCRAE R 0.14x10%m® (IHS, 2025) 5 H (MY Shanusi 1-X HF S22 Bt 2L m A 2L
Y, it XGRS R — BV S, SZEREEUE A R R, B AR R DL, MARTTR,
HA R I SOBE IR SR A T S S S0 4%

4 FEBRE SR RSERMEESR

HZE A RGN R, LA R Napo ALFUEIE . HREfLEisthZ. will
XA G L, AR RTEE T MUK, STBR LA KE Mt & . IR E S ARSI
ISR, ARKHAT A S R Santiago SRS . RAE-IFILGEE OB R IR RO, (UR
RIS, BRAR AR KU, (EO BRI R KB AR (R 4D

HERIEE 56 ENA R TIRE, RN SBUENRE R, HEAER Napo 44
PO - RAFRRIEE , KB IR RS- K AR ORY, DA TSR AR £ BV R & 1AL,
SAAE AR A T TTRR A R A0 < HRJE M2 LL Napo 41, Hollin LA/ A E, JRARLT L
RE, YRR HSCEE BN, 2E0ES 0. IRETE 2R Santiago 4L EONRRER L
73, ABJEWERE ARG . FESAR DA IR 3, SRR, STkEUD: IR E 6 DLRIR #h
ERRPENE, R SE S RAAE R B SIS, G RIS A AL S s
HAMmRIR, i EA R KR

2 A L, S (30Ma Ze A7) K- BRI S RIS B A R AR, AR 3
(10Ma DK s sl U BR 17638, LAPRJSRah N4, Mis s Rahel, A S5 8 e
WAVLAC RAF, s AFsE: RE NI (8 a2ttt 40D Rk, d-m sl < LR g
BohE, BESMES RIS, AR T B AR, ERE R, MRz, ReE
SR AL IR 2%, DTHC T A 22

)2 LUH BB (40 Shushufindi 8 BT, APT 32° ) Ak AR ool B 8 gl il (an
Bermejo. Cohembi jHi ) N3, LAEZMNE. SOBBMS, WEKARLNMES: RE2
DAY (Gt Shanusi 1X 4080 /NG D D8, BRI (B 12) .
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HERG AW A, EAER TR AT AR ARAT, B TR AR
JEEFR” KR dbE Putumayo/Oriente R 7 EL R I & 5 7R 2 BB =1 68%, FH5 Maranon
T 32%. TR IR PR T 23 b P 5 B s SR IV X, A3 Maranon (K75 R ¥ Oriente X7 7t
MIRESE, MARFMZER . BRAEHZER K, THRCRE, hEurim-Rse ik R & X,
WRZEA AR DEE RSB B R RKE, TERIRIRIRIE . IR ST BARFAE .

HREH A B RV AR R GRS SN R SRR B P 1 b
Tena ZH X387 2 se B SL [ IR)2 UM R N Santiago ZHIRVRS BUAE . W IAL-2
BERERRIE . VBRI SRR, DR RIS 2 I S R A i

AHIRRE MR RBEN S 5E FAE REMEXRR., T L, “whnsEls - ZE
- BIbG . BAMIERRBEE TIRREER S E TR, 2SS - ZAEM K
RIS, SRIRERT AR 5RE ORI RN S WS, B, RE A
- d L AR, SRR - Rt S R T e 4k AR, L2 ST
T8 ) [ A R 2 R AL 5 R E R P E A, ol R S UUAC R 4F . & L RIM Ak
“WIEHLRE - B - RZERE” MR EgEA R (B 100, ElH b fatshiEss TIRER
PR R 2 IR A BTk (Higley, 2001) o 4BTVEJZ R A 2GR R R AR, S %
B Z ML), o BB E RS BB R e e M. B RIKITR ZHH R E RS
SRIAHT, BRI 56 H IR E BN R

R 4 AHBERE A RGN

Table 4 Comparison of Petroleum System Characteristics Between Shallow and Deep Layers in the Basin
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Fig. 13 Planar Distribution of Petroleum Systems and Favorable Area Prediction in the Basin
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