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Introduction

Correlation — the identification of certain intervals
In one well which relate to equivalent intervals
In a second or subsequent wells:

— usually same geological age
— often (but not always) same lithological character

-Light tables and computer correlation techniques
Artform rather than science
*Geological experience/judgement critical
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Introduction

» Depends on the aims and methods

- Always is a subject of change with extra information

2
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Importance of correlation

You need to correctly correlate lithofacies in the
subsurface in order to

identify flow units and to map the distribution, thickness
and continuity of reservoir and seal facies

estimate reservoir volume, porosity, permeability
distributions and therefore fluid volume
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Data

* Wireline logs (well tops and lithology) are is a primary (hard) data
(usually needs preparation)

* Biostratigraphic (chronostratigraphic) data
* Seismic often is the only way to get an idea of interwell communication
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BriaeaeHHNE TEKTOHHYECKUX HAPYIIIEHUI C IIOMOIIBIO CTAHAAPTHBIX BPEMEHHBIX Pa3pe3oB, HA
KOTOPBIX BUAHBI CMEIEHM:A 0Cceil CHH(PA3HOCTH OTPAKAFOIUX TOPU30OHTOB, 4 TAK)KE 3aTyXaHUe
AMIIAMITYA BAOAB CyOBE€PTHUKAABHBIX AMHUM.

BasxHOCTBH 3HAHHUN O HAAWYHHU ¥ IIOAOYKEHHH PA3A0OMOB AAA PA3PAOOTKH MECTOPOKACHUM
TPYAHO IIEPEOIIEHUTh: OHU MOI'YT ABAATBECA TEKTOHUYECKAMHU SKPAHAMU M OKA3BIBATH PELIAIOIIEE
BAMAHHE HA IIOTOKU KaK U3BA€KA€MOM He(PTH, TAK U 3aKAUNBAEMOM BOABI.
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Data

Compare the complexity of Helder and Hoorn Fields
~ (Roelofsen et al., 1991)
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Data preparation

Wire log data transformation to True Vertical Depth

(TVD) or TVDSS (subsea)
KB Vertical distance from kelly bushing to
sea level

MD Measured depth. Measured distance
12 ‘ along the path of wellbore from  kelly
bushing to any point in the subsurface

sealevel VD  True vertical depth. Vertical

distance from kelly bushing to any point in
the subsurface

TVDSS True Vertical Depth Subsea.

Vertical distance from mean sea level to

K

TVDSS
TVD

any point in the subsurface

vy v

* AABTHTYAQ - BBICOTA TOYKH MECTHOCTH HAA YPOBHEM MOP:A (CPEAHEMHOTOACTHHAI YPOBEHb MOPI),

onpeAeademan Huseanposanuem.
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Why normalize scales?

MD gives thicker units
than TVD, meaning that
correlations drawn using
MD are distorted

Y 8/ 9251 9, 8 IR

. ~H00=D
; 0

o e IAL K %7 Sew o

| ) N P NP RN O O -
| O D DG i Ol N | .
| I [ R S S | 1
R (R N [ P | 1
| ! e I o] e e L}
| S ) P o e I | I |
| |
I I
| |
| [
I 1]
[ 1 [
I =]
| . i}
I
I .
.

6}05

T
.o’ k.@

Srad
o a
)




®Y Petroleum Learning Centre

Wireline Logs T

CAL (in)

16

Bit
*;‘/ Size|
Brittle Shale b
ﬁ\'Cawlng
Impermeable
Sandstone == Qn
Gatige
Sloughing g——Tight $pot
Shale =
Impermeable
Limestone L
Permeable
Sandstone < Nud Cake
Anhydrite I
x|
Marl <
L ar— Calippr
Shale HHvie—

Caliper — kaBepHOMeTpUS, pe3ynsTaToM N3MEPEHUS SBMSETCS KaBepPHOrpaMMa — KpvBas, oTpaxatroLlas
N3MeHeHne gmamMmeTpa CKBaXWUHbI C rryOuHON.

Mud log - anarpamma yaenbHoOro conpoTuBneHns GypoBoro pacTeopa.

Dipmeter - onpegenexHne B CkBaXknHe asnumyTa u yrna nageHusi nnactoB. A3MMYT U Yron HaknoHa nnacToB
ONpeaensitoT B CKBaXXMHE C MOMOLLbIO CreLmanbHOro rinyorMHHoro npubopa — nnactoBOro HakNnoHoMepa.

Sonic (AK) — namepsiet ckopoctb npobera ynpyrnx BorH B nopoge. Ecnu nssectHa nutonorusi, No3sonser
paccynTaTb NOpMUCToCTb. COBMECTHO C HENTPOHHBLIM NO3BOSISIET ONpPeaennTb BTOPUYHYO NOPUCTOCTb.

GR — 3T0 NoO CyTW MHAMKATOP IMKUH, N OObIYHBIN UHCTPYMEHT AN Koppensaunn. (HO He OTNnYaeT paavakTUBHbIE
MUWHeparbl OT IMWHbI, UCKaXas 3Ha4YeHWe CoOepPXKaHUS TTnH).
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Data preparation

Different purpose

— GR - lithology (sand vs clay)
— Resistivity — saturation character and quantity

— Sonic — lithology (hard or soft) and seismic markers
recognition

— Caliper — sometime lithology and other log data
reliability

— Dipmeter — bedding (sometime fractures) orientation;
deformation and faults can be recognized

— Mudlog — lithology (cuttings), hydrocarbon shows
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Stratigraphy

Lithostratigraphy: most widely used (still), allows arrangeing

facies, porosity and permeability zones. / pasden cmpamuepagpuu,
ucnonb3yrowul Ors pacyrieHeHUs pas3pe3o8 U rpocriexxusaHusi 8bI0er1eHHbIX
lumocmpamuepaghudeckux rnoopasoerneHutl ocobeHHocmu e8ew,ecmeeHHo20
cocmaega 0calo4HbIX, 8yIIKAHO2EHHO-0CA00YHbIX U 3¢bghy3UBHbLIX MOJILY.

Biostratigraphy: fossil assemblages used for correlation and

(usually) dating the rocks / pasden cmpamuzpagpuu, usyyarowjuli
pacnpederneHue 8 0cadoyHbIX MOU,ax UCKomaeMbiX 0CMamKo8 opa2aHu3MOo8
C Ue/IbIo 8bISICHEHUS] OMHOCUMEeIbHO20 803pacma 3Mmux OMsIOXeHU(.

Chronostratigraphy: using a timelines of sedimentation / pasden
cmpamuzpaguu, umerwul 0eqio ¢ ycmaHoereHuUeM OmHOCUMErIbHO20
go3pacma u eo3pacmHbiX COOMHOWEHUU 2e0s102u4ecKuUX merl.

Magnetostratigraphy: correlation of zones with the same polarity.

Chemostratigraphy: use of chemical/isotopic markers/ pasden
HayKu Ha cmbiKe XumMuu U cmpamuzpagbuu, 3aHumMarowuucs u3ly4veHUuem
XUMUY€EeCKO20 cocmasa ocado4yHbIx Mopoo.
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Stratigraphic principles
Uniformitarianism: The present is the key to past
Sedimentary rocks are deposited horizontally

Sedimentary beds continue laterally until they
pinch-out depositionally

Unconformities may represent the greatest
amount of geological time

TeopeTuyeckyro OCHOBY cTpaTurpadum cocTtaBnsloT ABa NpUHLMNA:
3aKoH HannactoBaHus CTeHO M 3aKOH coOoTBeTCTBUA hrnopbl U payHbl
TexcanTeopeTnyecKyro OCHOBY cTpaTurpacdpumm coctaBnsaoT ABa
npUHUMNA: 3aKoH HannactoBaHna CTeHO U 3aKOH COOTBETCTBUA (hpnopbl
n payHbl Nekcnn. CornacHo 3aKoHy HanslacToBaHusl, BBeAEHHOMY B
HayKy Hukoaacom CrenoTeOopeTnyecKyro OCHOBY cTpaTurpacpum
COCTaBIAKT ABa NpMHLUMUNA: 3aKOH HanslactoBaHns CTeHO n 3aKoH
cootBeTCcTBUA hriopbl U payHbl Fekcnn. CornacHo 3aKOHY
HannacTtoBaHusi, BBea€éHHoMy B HaykKy Hukonacom CteHo B XVII seke,
Bbille fieXxalue nnacTbl FOPHbIX NOPOA, KaK NpaBuIio, ABNSOTCA bonee
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Stratigraphic principles

* Law of Superposition: in any sedimentary succession that
has not be overturned, the oldest rock will be at the bottom
and the youngest at the top / nopods! Haxodswuecs e He
HapyweHHOM cKrnaddyamocmbio U passiomamu 3asieecaHuu, cnedyfom (]

rnopsioke ux obpasoeaHus, rnopooskl 3asiezarouue 8bilie MosioXe, a me
KOmopble Haxo0simcs HUXe o pa3pesy — OpesHee.

* Walther’s Law: Sedimentary facies occurring in a
conformable stratigraphic succession were deposited in
laterally adjacent depositional environment.

| Tonbko makue chayuu Avectionl secuumos
u ghayuarnbHble obcmaHo8KU

Mo2ym 3ariezame Opya Ha opyae
8 2e0/102U4eCKOM pa3spese,
KOmMopble 8 COBPEMEHHbIX
ycriogusix niexxam psoom.




Lithostratigraphy

Lithostratigraphic unit — a stratum or body of strata, usually
layered, often tabular, that conforms to the law of

superposition and is defined on the basis of lithic
characteristics and stratigraphic position

Lithology — the physical characteristics of a rock, including
colour, mineralogy, grain size, textures, structures and so on.
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Makpo- n
MUKPOUN300paXkeHns
oonaoB Ha
NOBEPXHOCTU
N3BECTHSIKA
(Carmel For-mation)
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FLria *buonknactbl. 13BeCTHSAK
MUKPO-MESNKO3EPHUCTLIN C
OpraHU4YecKMMKn octaTtkamm
(pakoBUHbI oy3ynuHUA,
0BNMOMKKM UMMOKOXNX, OCTaTKN
BOOPOCIIEWN,
np. HeonpegenuMbln OETPUT).

YBenunyeHue 4x, 10x, HUKonu

photograph, we have a e
Calcareous Sandstone, in N
which angular quartz grains
are cemented together by
calcite (here showing its o
distinctive rainbow hues in ‘
crossed polars), along with
various pieces of calcite of
different origins.
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KapboHaTt Kanbuua  aHraput

[MpusamaTnyeckne, 6pyckoBUOHLIE KpUCTanNSIbl
aHrmgpuTa obpasyroT pagmanbHO-NYyYnUCTble
ckonneHunst (MmMHepan 6ecuBeTHbIN, B
CKpPELLEHHbIX HUKOMAX OTNINYaETCS
capadaHHbIMM LUBETAMU NHTEPdEPEHLNN).
YBenunyeHune 4x, HUKonb +.
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Lithostratigraphy

The same lithology does not always mean that the rocks
were deposited at the same time, often lithology is
environment sensitive, not time sensitive, so that lithologic
units are often time transgressive (occur at different times
in different places)

Lithology reflects deposition environment
Lyua = > Mope
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Lithostratigraphy

Formal lithostratigraphic terms in increasing scale:
— Member (nayka) - smallest locally mappable unit (within field)
— Formation (cBuTta) - mappable unit at the basin scale
— Group (cepus) - mappable across several basins
Stratigraphic framework of the region

Mayka — oTHoCKTENbHO HeborbLLAas MO MOLLHOCTM COBOKYMHOCTL CrioeB (NnacToB),
XapaKTepU3yLLMXCS HEKOTOPOW OOLLHOCTLIO MPU3HAKOB UM OAHUM ONpeaeneHHbIM
NMPU3HAKOM, KOTOPbIE OTIINYAOT €e OT CMEXHbIX MO pa3pes3y nayek B cOCTaBe CBUTHI (NMOACBUTDI)
NN TOMLLN.

CBuUTa — OCHOBHasA eauHULA MECTHbIX CTpaTVIFpaCbI/ILIGCKI/IX FIO,EI,p83,EI,€J'I€HI/II?I, npeancrtasndeTr
cobou COBOKYIMHOCTb Pa3BUTbIX B rnpeanenax Kakoro-rnmbo reonorn4eckoro pa|7|0Ha OTNOXXEHUN,
KOTOpPblE OTIIMHAOTCA OT HWXXe- U BblllenexXalwmx cCoCTaBOM U CTPYKTYypaMn nopoa,
O6yCJ'IOBJ'IeHHbIX X reHeancom, KOMrMnJiIEKCOM OCTaTkoB OpraHNM3MoOB, Tp.

Cepus o0beanHseT ase nnu bonee cBuTbl, 00pasyoWme KPYNHbIW LMK OCaAKOHAKOMNIEHUS U
(Mnn) oxapakTepmnsoBaHHble KAKUMN-NMB0 06LMMM NPU3HAKaMU: CXO4HbIMU YCIOBUSIMU
dopmMmnpoBaHuns (MOpPCKNE, KOHTUHEHTarnbHbIE, ByfIKaHMYEeCKME), NpeobnagaHnem
onpegeneHHblx nopog (0cagodHble, MarMaTnyeckne, MeTamopguyeckune) nnu nx
HanpaBfiEHHOW CMEHOMW.
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3anagHo-Cubupckana HedpTerasoHocHas
n po BUHLINA B cmpoenuu 3anaono-Cubdupckoii

Heghme2azoHOCHO nPOSUHUUU
NPpUHUMAOm yyacmue
memamoppu308aunsiilt. YyHOaMeHm
00KeMOPULICKO-NANE030UCKO20 803PACMA
U NOJNI020 3ae2arouuti Me3o-
, : : KAUHO30UCKUL OCAOOYHDBLIU YEXOIl.
P LB e DyHOAMEHM NO2PYACACTCI OM

o r— VS R T nepugepuu K yenmpy niumol, 6 npeoeiax

AN RS KOMOPOU 8 COOMBEemMCcmauu ¢

MOWHOCMAMU YeXTAd U XAPAKMEPOM
nIaM@OPMEHHbIX CMPYKMYD 8blOENAIOM
HeCKOJIbKO MEeKMOHUYECKUX ITIEMEHMO8.
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Lithostratigraphy: markers

Stratigraphic markers are widespread units or
boundaries that may be recognized and
correlated over an area — that must have been
deposited all at the same time (simultaneously)
over the entire basin

abrupt lithology change (Bazhen Fm)
platform limestones

shallow-marine sandstone (not basin-wide)
coal beds in deltaic successions

excellent marker — tephra (volcanic ash)
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Lithostratigraphy: non-markers
Channel sandstones

Reefal limestones (across the body)

(Pugbossie — 0b6s13aHHbIE ceoum MPOUCXOXXO0EHUEM

Xu3HedessmeribHocmu  MPUKPEryieHHbIX KO  OHy  eodoema

KOJIOHUArIbHbIX pughocmposwWux opaaHu3mMos, 8bloesnsarowux Oris

rocmpoUKU C80e20 cKerlema yarneKkucryro U3eecms).

Fluvial coals (sometime are only markers can be used)
Alluvial fan deposits (ommnoxeHusi KOHyco8 8bIHOCa)

Mudstones (if difficult to distinguish between them).
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Lithostratigraphy: markers

Stratigraphic Lithographic
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1. The top of the Bridport Sandstone Foation is marked by a thin, easily
recognisable, high radioactivity unit (Inferior Oolite Formation) at 911,6 m.

2. The Gamma Ray and Sonic log have been used for the basis of a
Composite Log
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Lithostratigraphy: markers
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overlying rocks — Limestone Member of Frome Clay Fm
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Missing sections: normal faults

WELL #»1 A WELL #2 A

~-8100°

< ) '
-5000° r AT a;)\g §000
’ i/ ® e,
n (, ~3 .‘.. A
.~" \, v : R 1
: | y "

-6200"

~5300" -5300

uoISS®d2Ns anlj
I

uoISS829NSs pPa||lug

~8400" ~5400°

* Well Ne1 shows reduced
-8500" section because of
normal fault penetrated

-8800'

* Dipmeter would be

useful to recognize the
(from Tearpock and Bischke, 1991) fault plane
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Repeated sections: reverse faults

t X
WELL #1 WELL #2 A
100°/-8308° B 100°/-8828’ L
NLs '
\ ¢ 4
-6000’ nes -8000 s =
>y . y
~5100° 6100° -
520 ~-5200°
~-5300' 5300°
-
~5400' -5400 C —
© )
: 2 Q
o " Dipmeter would be useful to S ®
’ rareat ... recognize the fault plane 8 o
-5600 100° “0800 m O
NOTE: structural features are ®. g
not only reasons for repeating g 2]
sections! S

(from Tearpock and Bischke, 1991)
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Correlation Guideline

Beware of probable differences in resistivity logs response due to the
saturation

Always correlate from the base to top — as the rocks were deposited

Always correlate from the large scale to smaller scale — worry first about
formation top and markers

Check for missing and repeated sections
Always correlate both the top and bottom of a bed/formation
Pinching out units indicated by merging lines (< or >)

Never correlate top and bottom of the well — northing common with the
stratigraphy

Check for mudstone (shale) color change in the mudlog

Keep in eye caliper log as locating damaged (permeable) rock and
probable loss of the other logs quality

Dipmeter sudden response change may indicate faults or unconformity
Volcanoclastic is one of the best marker
Non-geological features (scale change, casing shoes, sonic log cycle skip)
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Exercise 1. L|thostrat|gaph|cal correlation

A . Y e ) s b (b = i Ll e i b el
Sandstoa% S s Bk TS
D J N [ N S S LS s GRS AT S LN |
AR [ i i
O N O fe_whian oeoc tendd N e SRR e rhaar e
. Exrifoorit ol | e | [ e S s o
Slltstone% - - — — —
| YTYYEYSS e pdemssed EEE R
- A

Tt 0\ Lo |

o C ] ST -

: - o

Limesto Illllllﬂ onglo-m C A QL CET
| I S

C T T 1 erate C T T 1 T T 1
T T 1 - T T T 1

I 1 I 1 1 I 1 1 ] 1 Il
e AR e e
G000ua0 REnEny REROIRS
e R R I © e

Correlate the different lithological units represented here



Wi

--------
--------
--------
........
........
--------
........
aaaaaaaa

W2

........
'''''''
.......

........
-------
.......

........

\

-------

(a)

*Y Petroleum Learning Centre

Exercise 1. Lithostratigaphical correlation
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This Is one of possible answers
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What have we just done

We have
decided that the
subsurface in
the region
represented by
these three logs
looks something
like this:
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Biostratigraphy
Biostratigraphic unit — a body of rock defined on the basis of
its fossil content
Link between lithostratigraphy and chronostratigraphy
Use appearance and disappearance of organisms to date strata

Assuming that the organisms appearance and disappearance
are related to evolution and not to environmental change.

Good biostrat depends on:

— environment (marine vs non-marine)
— preservation

— sampling

— type of fauna/flora - use combination
— facies interpretation

BENTHIC DIVISION

BuocTtpaTturpadmsa (ot 6uo-... u ctpaturpadms), oTpacrnbe cTpaTurpadumm, nsyyatoias
pacnpegeneHme ckonaemMblx OCTaTKOB OPraHM3MOB B 0CaJ04HbIX OTNOXEHUAX C LEenbio
YCTaHOBI1EHNA OTHOCUTESTBbHOIo BO3pacTa N COOTHOLLEHNS O4HOBO3PAaCTHbLIX CNNIOEB Ha
pasnuyHblx Tepputopusax. OcobeHHoe 3HayYeHne ans BblaeneHnsa 30H, UMET rpynnbl
BbIMEPLUNX OPraHM3MOB C OTHOCUTENBLHO KPaTKMM CPOKOM CYLLECTBOBAHUS, HO
AOCTUraBLLME LUMPOKOro pacnpoCTpaHeHUsi, 3Ha4YNTESNTbHOro n3odmnnma n pasHoobpasusi.
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Biostratigraphical correlation
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Exercise 2. Biostratigraphical correlation

W1 W wa Correlate the

R ——— e biostratigraphic
b - e markers

=51 ] ———11#  represented by the
:—|:—|:—|:— + 4 %T%_Ifs symbols (first and
5 etk amam last appearance of
f:!:{:l__ :f:f: ~ :!:I:E: the organisms)
== ===t {1 Koppensuws &
==|. == ] T crpamrpadin — oo
E:E:E:E: e SO yCTaHOBIEHne
==, SEEEr OO OLHOBO3PaCTHOCTM UITN
F——— s B T R EE BO3PaCTHbIX

| e Rn e 1 Ll COOTHOLLUEHWI (Monoxe/
R j DR ERR npesHee)

e LBET A ) e I COMOCTaBMsIEMbIX
B =] ol | cTpaTurpadouyeckmx

....... " noppasneneHum.
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Exercise 2. Biostratigaphical correlation
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Magnetostratigraphy

§7/4AHINNN\N B AABRNNY
Normal polarity Reversed polarity

(computer simulation, Glatzmaier and Roberts, 1995)
Magnetic minerals in sedimentary rocks tend to be deposited according to the
Earth magnetic field

Earth magnetic field’s polarity change over the time

Today’s polarity referred as a “normal” — black zones (in contrast to the

“reversed” — white zones)
* MaraurTocrparurpadus (IaA€OMarHUTHBINA METOA) — HAYKa, H3yJarOIIas PACIACHECHUE

OTAOKEHUU TOPHBIX IIOPOA HAa OCHOBE HX HpﬂMoﬁ UAHU oGpameHHoﬁ HAMATHITYEHHOCTH.
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Magnetostratigraphy . wanumoe none

3emnu unv reomarHuTHoe
_ Ny none — MarHuTHoe norie, reHepupyemoe
' M BHYTPU3EMHbIMU UCTOYHUKaMMU.

» Toukn 3emnun, B KOTOPbIX
HanNpsKEHHOCTb MarHUTHOMO NMons UMeeT
BepTUKanbHOe HanpaBrieHue,

Ha3blBalOT MarHUTHbLIMU NMOMOCaMMU.

Takux To4ek Ha 3eMre OBe: ceBepPHbIN
N HOXKHbIA MarHUTHbIE NOMntoca.

e [logo6GHO TOMY, KaKk OKaMEHENOCTU N OTNEeYaTKN OpraHM3mMoB, XUBLLNX B
reofiorm4eckomM NPOLLOM, NO3BOSAKT N3y4aTb NCTOPUIO Pa3BUTUA OPraHNUYECKOro
MMpa, CUHXPOHN3NPOBaTbL CcoAepXallune Ux nnacTtbl U onpeaensaTs BO3pacT 3TUX
nnactoB, "OkaMeHernbln reomarHeTnam" - HamarHM4EeHHOCTb J TOPHbIX: Mopof -
NO3BONSET U3yYaTb UCTOPMIO MArHUTHOIO Nonsa 3emMru.

* [laneomarHmMTonorMsa n3y4daeTt MarHMTHoe nosie 3emMsn reosiorM4ecKoro NpPoLusioro,
3aKpensieHHoe B CBOEODpa3HbIX oTrneyaTkax aToro rnons — BeKTopax eCTeCTBEHHOM
OCTaTO4YHON HAaMarHM4YeHHOCTU FrOpPHbIX NOPOA, KOTOPbIE PUKCUPYIOT MarHUTHOE
nosie BpeMeHu n mecta obpasoBaHus ropHbIX nopod. B nctopum 3emnm MHOrokpaTHO
Nponcxoansnn MHBEPCUN MarHUTHOMO NOsA, Korga BEKTOPbl NEPBUYHOMN
HamarHu4eHHocTu (J_) MeHsinuck Ha 180°, T.e. ceBepHbIN MarHUTHBIV MostoC
CTaAHOBUIICS HOXXHBIM 1 HAOBOPOT.
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Thickness of the zones
depends both on it's duration
and sedimentation rate.

O6waa marHuto-ctparturpadunyeckas
WKana (aHersn. general
magnetostratigraphic scale) —
XpoHoMnornyeckas nocrnegoBaTenbHOCTb

MarHMTO30H NONAPHOCTU, NpuUBA3aHHasNA K|

noapasgeneHnsam Obuen
cTpaTurpadonyecKkomn LWKanbl.

Ocapku chopMUpyroTCA C pa3sHOU
CKOpPOCTbLIO: YeM MeAJIeHHee
cdopmMmmpoBanoch oTrnoXxeHue, TemMm
TOHbLUE 3Ta MarHUTocTpa-

Turpacmnyecka soHa. U yem GbicTpee —|

TémM, MOWHOCTDb oonblue.

CTPATUT'PAOHMYECKAS (TEOXPOHOJIOTMYECKAS) IIKAJIA

Boesn, M

ax, Ms
M - |
p—
e
e

(R T R R I S O B S e

]
3]

Heoreuosas i

I & Qi
3 |2

(Onuroues|

Maiixon

HE

KanvHosoHcKas
Tpernunas

i‘.

Donest

Ulhorer

Himws| Cpesd

Haop

ITascorcuosas

Taner

N

MeoBas

Me3szo3szoickasd

Bepxnnit

Mascre

|SETEROE |
Koutwx:

Typo|

RETRTEE

A

Ant

D aHepo30HCKE aH#d

Hangoaoﬁcxaa

CBOHCKaA

Bepxuuii

1.
Daner

Opan

Cpenmmit

e

Digemd

|
=
X
§
Y T R e L R ] Bpes, Ma
- T—
1| IE 3z ZZ|

1]
®anepo3orckKkas

EDpareiy/

Ilanmeo3orickasn

o (
it [I
@ MY
=
a

3
£
2
s
2
&)

=ELd |a (-
é[é}: EE

H3E

2
e
-

TTAH 0=
it
8

1l

*Bepxaui

£

'Kapa;xo:E

BHDH

Cpeammit
e
=

* Apestir

*Bepxaui| *Huseen | *

*Hingr#i

......




®Y Petroleum Learning Centre

Exercise 3. Magnetostratigraphical correlation
e L ;l

: .:'.\<—17.3 Ma

i« 16.9 Ma

_33;:-:-:-:-:

-«.—20.0 Ma

St se
- )
‘5

S . 10.8 Ma

I SR T

‘-Iepru7| uBeT - HopMmalsyibHad HaMarHM4eHHOCTD,

:::':3“5':5‘:{ --—20.1 Ma o
= oenbin uBeT - o6paTHa$| HaMalrHM4eHHOCTb
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Exercise 3. Magnetostratigraphical correlation

oy I"‘.'.‘_B
<150 Ma
-
e 173 Ma
6.0
-— 20.0 Ma
s’
79.8 Ma
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Chronostratigraphy

Chronostratigraphic unit — a body of rock laid down at the same time.

(XpoHocTtpaturpadms (rp. chronos - Bpems, nar. stratum - HacTun, crion n
rp. grapho - nuwy) - pasgen crparurpaum, UMerLLnn geno ¢ ycTaHOBIIEHNEM
OTHOCUTESTbHOro Bo3pacTa N BO3PAaCTHbLIX COOTHOLLEHUIM reonnorM4Yecknx Ten).

2o22| cucTEmaA |OTAEN (3NOXA) e ol 23fEt
53 =& MEPWUOD (A YETBEPTUYHOI AP (B E K) Sa|za
515 A CUCTEMbI — PA3ZLEN) =R =
e YETBEPTHYHAA Q 00—
(AHTPOIIOTEHOBBIH) 16 LU DAL |
flexyaiie, 1829 2 ' 30NNEACTOLEF ’
HEOTEHOBAA N __ | NAKUOLEH N, 35
HEOTEHOBBEIH 2o,V
5 MUOLLEH N; 19,5
; N AT ITA D ONUTOLEH P, 184| XATTCHHA
= N | TAJJEOTEHOBAA | ce 85| PIONEALCKHA
" | (DAJIEOTEHOBBEIM) 40,4 OlE D AABOHCHHA
| |= en Py 101

Formal chronostratigraphic terms in increasing length of time:
— Stage - smallest unit of defined time (Volgian)

— Epoch - Upper Jurassic

— Period - longer period (Jurassic)

— Era - Largest time period (Mesozoic)
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Chronostratigraphy vs. Lithostratigraphy
Delta Front ands%

ones

Delta Front Sand

| Sea Level
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Seismic Stratigraphy

Correlation of seismic packages bounded by
truncations of reflection events

Advantages
- Continuous interpretation in inter-well areas

Disadvantages

- Limited resolution, uncertainty as to what seismic
truncations really mean, must be ‘tied’ to well
information for lithology and age

Llenbro cencmocTpaTurpapmyeckoro aHanmaa saBnsaeTca onpegerieHne
YCIioBUIN N 0BCTAaHOBOK OCaKOHaKOMMEHUS N0 0COOEHHOCTSM BOSTHOBOW

KapTUHbI HA CENCMNYECKUX pa3pe3ax OTPaXkKeHHbIX BOJSH
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Reservoir Limits

SW 10a- 3 NE

North Forties j ‘}

(it { R e """""" "
4 ) M ' : ’lH |‘I { “”" "’ PI , l { ~ .:.“ Wt il H‘“'l”'“"
N h P " ( sy bt
T

Chalk

Stratigraphic pinch-out of reservoir unit
(Thompson and Butcher, 1991)
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Seismic facies

A. CelicMnueckuil npopuib Crpykrypa Mapus

Eo-Oli-Ng
/——/
— K2-Pa
ININIININIINN
ININININININY
A AT ATATIATATIAIATIATIAYA)
PNINININININININ NN NN\ /N
ININININININININININ NN NN KI
/ IN AN s S e es Tt e e e TG N
T SN 2o JlokeoBeckuit pyHAAMEHT N 7NN Odcom
A% YA AT AT AT I A YA A YA AT A T A YA T AYATAYATAYATAY &7
ININININININININININININININININININININ NN NN /N
N NININININININININININININININININININININININININININ NN /N

NN NN ININININININININININLNINLNINININLNINININLNINININLNININ

[Mpnmep BepoATHOU pNGOBOU NOCTPOUKHA
(UepHoe mope, Ban LWaTckoro)

o
-‘ A
N M

pmep nneoaanos (pycer)
(UepHoe mope, Ban LLaTtckoro)

(Hukuwnn A.M.)
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Ao

JpPO3UOHHOE cpe3aHue

OCHOBHbIE@ TUMNbl HECOMMACWUM (erosional truncation) —

-
lNpunerarHne

OTHOCUTENBHO KPOBIK

KposeneHoe
yTbiKaHue

Cpesanue
\

t

Haneranue

MNpwneranHune

. . s e L

3po3nnHoe cpesaHne

KpoBenbHoe yTbikaHne

OTHOCUTENBHO NOAOLLUBBI

CornacHoe 3aneraHue

lNMpuneraxve

HaneraHve

CornacHoe 3aneraHue

3aneraHue BblllenexaLlmx
OTNOXXEHWI BblLLE NOBEPXHOCTU
3po3unMn.

KpoBenbHoe yTblKaHue (toplap)
— Cpe3aHne MOHOKNUHAIIbHO
3arnerarLlemn TonLwm ceepxy
Bbonee nosioroM 9pO3NOHHOMN
NoBepPXHOCTbLIO KpoBenbHoe
yTbIKa-HMe 0bbIYHO CBA3AHO C
3po3unen nnn nepepbLIBOM B
cegMMmeHTaumn.,

CornacHoe 3aneraHuve —
Hecornacue, Korga CrionCtoCTb
napariesribHa NoBEepPXHOCTH
HeCcornacus.

NoaowBeHHOE NpuneraHue
(onlap) — npuneraHve
(MpucrioHeHuUe) TONLK CrOEB Ha
NOBEPXHOCTb, HAKNMOHEH-HYIO B TY
€ CTOPOHY, YTO U CIIoU, HO
bonee KpyTo.

NopolwwBeHHOe HaneraHue
(downlap) — Hecornacue, korga
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Raw Data

Final Results
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Sequence Stratigraphy

Sequence stratigraphy is the study of genetically related
fades within a framework of chronostratigraphically
significant surfaces

Sequence stratigraphy processes can exert a strong
influence on the geometry, continuity, quality and location
of reservoir

CTPATUT'PA®US CEKBEHIIUM
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Sea-level changes

Eustatic sea level is a distance from the sea surface to the
fixed datum, usually the center of the Earth. It can vary by
changes in the volume of ocean basins or changes in the

volume of water within those basins (sscmamuyeckue kone6arus

YPOBHST MOPS - MeOdrieHHbIe (8eKkosble) udmeHeHuUs yposHs Mupogoz2o okeaHa u
CB513aHHbIX C HUM Mopel, 8bI3bieaeMble U3MEHEHUEM Kosludecmea 800kb! 8
OKeaHe ecriedcmeue obpa3osaHUs uriu masHus 1e0HUKOBbIX Macc, a makxe

MeHsiouwe20cs1 0bbéMa okeaHU4YeCKUX 8raduH).
Atmosphere

Relative sea level is a distance between
the sea surface and reference horizon
such as basement, controlled by:

- Tectonic subsidence or uplift
- Eustatic movement of sea-level

s The distance between the
Rlbeense sediment/water interface and the sea
Center surface is known as water depth.
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Accommodation space

Accommodation is defined by Jervey (1998) as "the space available
for potential sediment accumulation”

This space is the combined product of movement of:

« The sea surface (eustasy: global sea level measured from a datum
such as the center of earth)

« The sea floor (tectonics)
« Changes in rates of sediment accumulation

Sea surface

Can be filled
with
sediments

<+
Eustasy

and water

Accommodation

Subsidence/
uplift

S

3JMoO Mo 803MOXKHOeE, rnpocmpaHcmaeo, a20e rnomeHuuUuasibHO Moxem
HaKarniueambCsi 0CaookK. KOHmponupyemc;l MeKmMOHU4YeCKuUmMu

ﬂOdBU)KKaMU, KJluMamu4eCKuMu ycJsioeussmMu, 3ecmamu4v4ecKumu
OROAALUIIGRII VDAL LA RAANA RMAOIIILUACMLLA AN IZA
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Sediment Deficient

SEDIMENT

g RETROGRADATION

BASE LEVEL
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Excess Sediment

NEW SPACE

SEDIMENT
SUPPLY

PROGRADATION

~BASE LEVEL
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Parasequence

MapacukBeHC (UNu NapaceBeHUMUsI) — 3TO MereloLwasn BBepX
nocnenoBaTeNibHOCTbL CJl0eB, orpaHM4YeHHasi NTOBePXHOCTAMU MOPCKOro
3aTtonneHus. Mo cyTn — 3To perpeccUBHbIN LUKIUT.

GR

APIUNIT
0 UNITS 15¢

L

Upward-coarsening: bedsets
thicken, sandstones coarsen, o sl
and the ‘
sandstone/mudstone ratio
increases upward

PARASEQUENCE
BOUNDARY \

PARASEQUENCE
BOUNDARY
Va 3

100 FEET

150 FEET

Upward-fining: bedsets thin,
sandstones become finer grained
(commonly culminating in
mudstones and coals), and the
sandstone/mudstone ratio
decreases upward.
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Parasequence set

[TakeTOM napacekBeHUMN Ha3bIBCA MocriegoBaTenbHOCTb NapacekK-
BEHLMW NO BEPTMKANN, UMEKOLWMX onpeaeneHHbIN TUMN HanmactoBaHUA — Npo-
rpagauuoHHbIN, arpagaunoHHbIN UM peTporpagauoHHbIN.

PROGRADATIONAL PARASEQUENCE SET WELL-LOG
RESPONSE

DEPOSITION > ACCOMMODATION

MporpagaunoHHbIN _ "*”"L"j’”: L sP__RES
nakeT napacekBeHuun |[© ﬁ%’
HanpaBneH B CTOPOHY Qﬁ}%

,:2‘::;'

©0acceuHa U HOCUT
perpeccuBHbLIN

RETROGRADATIONAL PARASEQUENCE SET

XapakTep. R —
PeTporpafauyoHHbIN Mgl R e
HanpaBrieH B 1
NPOTUBOMNOJIOXKHYIO = 7
CTOPOHY U HOCUT

TPaHCrpPecCcUBHbIN TR T

XapakTep. R | 5 s
ArrpagauuoOHHbIN {J
XapakTepusyeTtcs 2
CTAaOUNbHBLIM

norioXXeHuem f‘

e peroson nNNMHUW. (] COASTAL-PLAIN [ ]SHALLOW MARINE
SANDSTONE & MUDSTONES ~ SANDSTONES

[ SHELF MUDSTONE
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Chronostratigraphy vs. Lithostratigraphy

Progradational parasequence set
® ©

— DATUM
CHRONOSTRATIGRAPHIC CORRELATION } L PARASEQUENCE
A 1 SET BOUNDARY
= 300'
10 MILES
@ COASTAL-PLAIN SANDSTONES = SHELF
B AND MUDSTONES J MUDSTONES

SANDSTONES LOCATIONS

E SHALLOW-MARINE @ WELL
1

PARASEQUENCE NUMBER

©

@ DATUM:

T TOP OF MARINE
. SANDSTONE

L.ITH(jSTiRATIGRAPHIC CORRELATION

Figure 17—Comparison of (A) chronostratigraphic correlation and (B) lithostratigraphic correlation styles:
progradational parasequence set.
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Chronostratigraphy vs. Lithostratigraphy

Retrogradational parasequence set
® © O siriny: rasnsecisie

CHRONOSTRATIGRAPHIC CORRELATION

BOUNDARY

300

] COASTAL-PLAIN SANDSTONES SHELF

LU AND MUDRSTONES MUDSTONES
SHALLOW-MARINE WELL
SANDSTONES LOCATIONS

1 PARASEQUENCE NUMDLCR
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Sequence Stratigraphy

“A sequence is a stratigraphic unit composed of a relatively
conformable succession of genetically related strata and
bounded at its top and base by unconformities or their

correlative conformities” (Sloss, 1963). OmrocumensHo

coesiacHasl nocsiedosamesibHOCMb 2eHemMuU4eCKU 83aUMOC8sI3aHHbIX
cJ/ioee8, Oc2pPaHUYeHHbIX HecoeesiacussMmu ujiu KoppesiimueHO C8s3aHHbIMU
C HUMU COcJi1aCHbIMU MOBEPXHOCMsIMU.

Parasequences and parasequence sets are the stratal
building blocks of the sequence

Highstand Systems Tr

- Transgressive Systems Tract

Lowstand Systems Tract

......... Maximum flooding surface

—  Sequence boundary

— =~ Transgressive surface

? Parasequence
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Depositional Systems Tracts: LST

end of
RSL fall

LST: Sea level drops, facies limits moves basinwards ”T\ ‘ //: mn@\giff\ .
EROSIONAL SURFACE AND w time

CORRELATIVE CONFORMITIE \\\
‘ onset of > end of
shelf-margine funt we SL fall regression
= PV level drop

HST
TST

k LST
~\__“old” sequence
+

Py 8

time ——p

Deep-water fans,
turbidites

- sea
level

LST = Lowstand Systems Tract: sea level drop, continental shelf
subaeral erosion, shelf margin wedge, facies boundary shift

toward the sea. (TpaKT HU3KOro CTOAAHUA Obpa3yeTcA Npu NageHun ypoBHS MOpSA
A0 HauMeHbLUero COCTOAHUA 1 ocyweHus wenbdga. OcHoBHas ceaMMeHTauums
nponcxoauT 3a cYeT ObICTPOro TpaHcnopTa o6;IOMOYHOro MaTtepuarna B obnacTb
NOAHOXNSA KOHTUHEHTANbHOro CKioHa. Npu aTom ocagKoHaKonsrieHMe NPoucxoauT B
rmyboKux yacTax 6acceunHa, rae hopmmpyeTcsa 4OHHbIU KOHYC BbIHOCA).
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Depositional Systems Tracts: TST

end of
RSL fall
’Z\ F— end of
, transgression
TST: Sea level rises quickly, facies limits moves landwards ! ,\“me
3 onset off end of
maximum RSL fall regression

flooding

‘l S _‘ \2 ~leve
surface (msf) fast sea-level

rise

T TST
E \ LST
, “old” sequence
N sea 4
level

TST = Transgressive Systems Tract: sea level rise, maximum
flooding surface (MFS), facies boundaries shift towards the

land, retrogradational parasequence set
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Depositional Systems Tracts: HST

HST: Sea level rises slowly, stands some and start to drop
facies limits more or less stable

slow sea
level rise,

standing
IST and drop

) \ LST
T ——"ITST &\
2l N e
é k LST R8L 1ol
= : end of
N\ “old” sequence ”T\ | //\ , transgression
- sea time
I
level \/ N

ornsetof \ end of
RSL fall regression

HST = Highstand Systems Tract (sometime Regressive Systems
Tract): sea level rise, stabilizing and starting to fall, commonly

consist of an aggradational parasequence set.

(TpaKT BbICOKOro CTOSAHMUSA — MOpe CTabunbHO 3aTONMSET Wenbd, nepekpbiBas
ocago4HbIiM matepuanom. lNogowsa TBC/HST— noBepXHOCTLIO MaKCUMaribHOro

3aTonneHus).
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Sequence Stratigraphy

HST |

High sea-level: TST
* Flooding surfaces

 Deposition of reservoir close to shore Ll
» Reservoir marker events — marine shales

Low sea-level:

» Exposure of shelf, incision, erosion

* Deposition of reservoir in deep water

- Reservoir marker events — unconformities
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Sequence stratigraphic surfaces

end of
: : : 2SL fa
e The subaerial unconformity is an i i
. . 4 elrid C
unconformity that forms under subaerial AT\ ‘ //\  transgression
conditions as a result of fluvial erosion or N4/ time
bypass, pedogenesis, wind degradation, or N
. : s . onset of ~ end of
dissolution and karstification. BS| fall o oh

*The correlative conformity is a marine stratigraphic surface that marks the
change in stratal stacking patterns from highstand normal regression to
forced regression. It is the paleo-seafloor at the onset of forced regression

*The maximum flooding surface (is a stratigraphic surface that marks a
change in stratal stacking patterns from transgression to highstand normal
regression. It is the paleo-seafloor at the end of transgression, and its
correlative surface within the nonmarine setting. Alternative terms include:
final transgressive surface’, ‘surface of maximum transgression’.

*The regressive surface of marine erosion is an erosional surface that
forms typically by means of wave scouring during forced regression in
wavedominated shallow-water settings due to the lowering of the wave
base relative to the seafloor.
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Stratal elements in Hlerarchy

STRATAL
UNIT

DEFINITION

CHARACTERISTICS
OF CONSTITUENT
STRATAL UNITS

PROCESSES

CHARACTERISTICS OF
BOUNDING SURFACES

BEDSET

A RELATIVELY CONFORMABLE
SUCCESSION OF GENETICALLY
RELATED BEDS BOUNDED BY
SURFACES (CALLED BEDSET
SURFACES) OF EROSION, NON-
DEPOSITION, OR THEIR CORREL-
ATIVE CONFORMITIES

BEDS ABOVE AND BELOW
BEDSET ALWAYS DIFFER IN
COMPOSITION, TEXTURE, OR
SEDIMENTARY STRUCTURE
FAOM THOSE COMPOSING
THE BEDSET

EPISODIC OR PERIODIC.
(SAME AS BED BELOW)

(SAME AS BED BELOW)
PLUS

® BEDSETS AND BEDSET SURFACES FORM
OVER A LONGER PERIOD OF TIME THAN
BEDS

® COMMONLY HAVE A GREATER LATERAL
EXTENT THAN BEDDING SURFACES

BED

A RELATIVELY CONFORMABLE
SUCCESSION OF GENETICALLY
RELATED LAMINAE OR LAMINA-
SETS BOUNDED BY SURFACES
(CALLED BEDDING SURFACES) OF
EROSION, NON-DEPOSITION OR
THEIR CORRELATIVE CONFORMI
TIES

NOT ALL BEDS CONTAIN
LAMINASETS

EPISODIC OR PERIODIC

EPISODIC DEPOSITION INCLUDES
DEPOSITION #ROM STORMS,
FLOODS, DEBRIS FLOWS, TUR-
BIDITY CURRENTS

PERIODIC DEPOSITION INCLUDES
DEPOSITION FROM SEASONAL
OR CLIMATIC CHANGES

e FORM RAPIDLY, MINUTES TO YEARS

® SEPARATE ALL YOUNGER STRATA FROM
ALL OLDER STRATA OVER THE EXTENT OF
THE SURFACES

® FACIES CHANGES ARE BOUNDED BY BED-
DING SURFACES

® USEFUL FOR CHRONOSTRATIGRAPHY
UNDER CERTAIN CIRCUMSTANCES

® TIME REPRESENTED BY BEDDING SURFACES
PROBABLY GREATER THAN TIME REPRE-
SENTED BY BEDS

® AREAL EXTENTS VARY WIDELY FROM
SQUARE FEET TO 1000's SQUARE MILES

LAMINASET

A RELATIVELY CONFORMABLE
SUCCESSION OF GENETICALLY
RELATED LAMINAE BOUNDED BY
SURFACES (CALLED LAMINASET
SURFACE) OF EROSION. NON-
DEPOSITION OR THEIR CORRELA-
TIVE CONFORMITIES

CONSISTS OF A GROUP OR
SET OF CONFORMABLE
LAMINAE THAT COMPOSE
DISTINCTIVE STRUCTURES
IN A BED

EPISODIC, COMMONLY FOUND
IN WAVE- OR CURRENT-RIPPLED
BEDS, TURBIDITES, WAVE-
RIPPLED INTERVALS IN HUM-
MOCKY BEDSETS. OR CROSS
BEDS AS REVERSE FLOW RIP-
PLES OR RIPPLED TOES OF
FORESETS

o FORM RAPIDLY, MINUTES TO DAYS.

® SMALLER AREAL EXTENT THAN ENCOM-
PASSING BED

LAMINA

THE SMALLEST MEGASCOPIC
LAYER

UNIFORM IN COMPOSITION/
TEXTURE

NEVER INTERNALLY
LAYERED

EPISODIC

® FORMS VERY RAPIDLY, MINUTES TO
HOURS

® SMALLER AREAL EXTENT THAN ENCOM-
PASSING BED
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Hierarchical arrangement of stratal elements

Stratal Thickness  Extent Time period Measurement

element (m) (sg. km) (yrs) resolution

10 1 0.1 | 50 5 0.5 1K 100 1 = I

ental SrTe
continental: SEQUENCE = '
- megasequence = i

- supersequence = !

in: = i
basin: seoseT (||| (DN (oS |
- sequence — :
— depositional SE %
== 9
systems tract BED B B é
— parasequence set ?E 5
reservolr. E" —g-
—- parasequence AR s2f
~ bedset SET | N W= <
- bed 353
jaminaset
- laminase =
— lamina LAMINA - . l mé

0

(@]

o

(adapted from van Wagoner et al., 1990)
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Hierarchical arrangement of stratal elements

continental:
megasequence
supersequence

basin:

- sequence

— depositional systems
tract

— parasequence set

reservoir:
parasequence
bedset

bed

laminaset
lamina

ERA

PERIOD EPOCHE

INFERRED EUSTATIC CURVE, M

CENOZOIC

e

Quatemnary

Neogene | niocene

\Pliocenc/ 5,2

Paleogene | Eocene

First order

ITops- CrtpaTHrpaduue- JIHaTeIbHOCTS, AMILTHTYIA KoJIeda- CKopocTh H3MeHeHHS
0K CKasl eITHHHIA MJIH. JIeT HHS YPOBHS MOPH, M ypoBHs Mops, cM/10° et

1 MeracHKBeHC >100 <1

2 ot i 100-10 50-100 1-3
CHKBEHC

3 CHKBeHC 10-1 50-100 1-10

4 Gy 1.0-0.1 1-150 40-500
napacHKBEHC

5 TTapacHKBeHC 0.10-0.01 1-150 60-700

MEZOZOIC

f
llllll

Second order

k'l'hir(l order

Forth order
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Sequence Stratigraphy Terminology

» Parasequence: a succession of genetically-related beds bounded by
marine flooding surfaces and their correlative surfaces.

e Marine flooding surface: a surface separating younger from older strata, across
which there is evidence of an abrupt increase in water depth.

e Maximum flooding surface: a marine flooding surface that marks the deepest
water facies within a sequence.

e Sequence: a succession of genetically-related strata bounded by
unconformities and their correlative conformities.

e Sequence boundary: a regional unconformity that separates sequences.
Characterized by subaerial erosion and a basinward shift in facies.

o Transgressive surface: erosional surface that underlies a retreating shoreline
during sea level rise.

o Systems tract: all contemporaneous depositional environments deposited
during one phase of the sea level cycle.
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TepmMmuHonorus

e [MapanocnepnoBaTenbLHOCTL (MapacUKBEHC): NocnefoBaTenbHOCTb
reHeTUYeCcKku CBA3aHHbIX reosIOrM4YecKnXx Ten, orpaHuyeHHasa cBepxy U CHU3y
rnogepxHOCMbIO 3aMonyeHUsi U KoppenupyembiX ¢ HeM NOBEePXHOCTAMM

e [loBEPXHOCTb 3aTONNEHUSA: NOBEPXHOCTb, HECYLLAA cneabl ObICTPOro yBenuyeHus
rnyOuHbl Mops (3aTonneHusn)

e [lOBEPXHOCTH MAKCUMaslbHOIO 3aTOMNEHUA: NOBEPXHOCTL 3aTOMJIEHNA BHYTPWU
CUKBEHCa, Bblaendaemas no Hanbonee lTIY6OKOBOAHbIM OTNOXEeHUAM

e [NocnenoBaTenbHOCTb (CUKBEHC): MOCNEA0BaTENbHOCTL FEHETUYECKN CBA3AHHbIX
nopoA, OrpaHNYEHHbIX B KPOBMNE U NOAOLLBE NOBEPXHOCTAMWU HECOTNACKUA U
KOppenvpyembiMy ¢ HUMU NOBEPXHOCTAMU

(paHuLlia nocneaoBaTeNnbHOCTU (CUKBEHCA): pErMOHanbHO NpocneXxuBarLeecs

Hecornacue, pasgensawLuine cukseHckl. HeceT cneabl cybaspanbHon apo3un
XapakTepuayeTcs CABUIOM rpaHuy chauuii B CTOpoHy baccerHa

e TpaHcrpeccMBHasa NOBEPXHOCTb: 3PO3MOHHasA NOBEPXHOCTbL, OTAENAOLAnA
nepekpbiBaoLWMiA TPAHCTPECCUMBHOIoO KOMMNekca npn NOAHATUM YPOBHA MOpPA

e daunanbHbIA paa: COBOKYNMHOCTb OAHOBO3PACTHLIX OCaf04HbIX NOpoA,
o6pa3oBaBLUMXCA B TEHEHWE OOHOro LMKna NoAHATUSA U ONYCKaHUS YPOBHA MOpPSA
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Correlation and Environmental Interpretation

Accurate correlations depends on a little
knowledge of the environment of deposition of

the sediments:

“In different environments, the geometry and extent of
sediment bodies is different”

For example in marine settings sand bodies
may extend several kilometres, but in fluvial
settings they would rarely be wider than a few
hundred metres as each body represents a
channel fill.
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Correlation and Environmental
Interpretation

WELL1 WELL2 WELL3 WELL4 WELLS WELLG WELL?
E {i PR [ .§ (1 ;(1 paTUM| () ) {[ 1;

i i B i Pobsl g LR _
L] \g g E;Eji;ijg % 151‘?%”“2’“@2}{ g :«ﬁ% EE'-:ar-'E 1™ Shallow Marine
= R M s '*Ffiﬁg {,lﬁiiiifﬁi K B ma Cook Fm., L. Jur.

T & MARINE From Livbjerg and Mjos, in
. LATERAL COMTINIITE Collinson, 1989
WELLD
400m
WELLE
WELLA
BRI L:' i {/ FLOWUNIT 3
EOm
FLOWUNIT 2b

P ™A
hRS

4l

DELTAIC

LATERAL DISCONTINUITY

Fluvial-deltaic

rovmrz - Ness Fm., M.Jur.

From Ryseth, in Collinson,
1989

FLOWUNIT 1
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Exercise 4. Different Environments

e

Shallbw-marine deposits
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Exercise 4. Different Environments

sand
O
CZW Mo

== - Fluvial deposits
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Exercise 4. Different Environments
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Realism in correlations

= 2 3 4

Impossible scenario

2 ——
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Graphic Correlation

» Stratigraphic relationships are easier to display if you
align the logs so that correlated rocks or units
more-or-less line up. This is called hanging, and
usually means that the sections are aligned so that a
specific horizon or boundary is horizontal. For
example

l Datum I
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Correlation panels or cross sections?

A

A correlation panel:

» equally spaced wells
» wells have been hung

A cross-section:

» spacing of wells reflects
distance between wells

 actual arrangement in
space of the wells

=

Al

flf

i
! )
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Graphic Correlation

ce diagram: actual position of the wells

G
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Graphic Correlation

Block-diagram (well location needed) - either 3-D
image of current geology/geography, or interpretations
of facies relationships, geological evolution etc.
(combines map information with a cross section).

Tidal Channel
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Correlating wireline logs

Use the log patterns to correlate, but beware of differences
caused by fluid effects on the resistivity logs.

Check for mudstone (shale) colour changes in the mudlogs
— these indicate changing mudstone formations.

Keep an eye on the caliper log — indicates a loss of quality in
the other logs but also shows the location of less compacted
or damaged layers.

The dipmeter log is also important — sudden changes may
iIndicate the presence of unconformities or faults.

Natural gamma signature is a good lithological indicator,
many formations and markers have distinctive signatures.

Non-geological features such as scale changes, casing
shoes and sonic log cycle skips can sometimes mislead the
unwary
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Non-geological features
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Correlating wireline logs
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Reservoir Architecture and
Reservoir Performance

Flow unit is a mappable portion of total reservoir
within which geological and petrophysical properties
that affect the flow of fluids are consistent and
predictably different from the properties of other
reservoir rock volumes (modified from Ebanks, 1987)

Lithofacies

A flow unit zonation integrates
geological, petrophysical and
production data

1000 FT.
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Reservoir Architecture and

Reservoir Performance
Flow units concepts:

Geologic Facies Associations 1. Have the same
petrophysical
properties

Recognizable on
logs and
correlatable
between wells

Include non-pay
and pay and the
Kilometers fluids therein
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Reservoir Architecture and
Reservoir Performance

PORE PETROPHYSICAL GAMMA RAY FLOW
CORE  LITHOFACIES  [ypeq DATA LOG UNITS
T v
D) l l
s S 0 -
L Pc
kl 3 \ 3
(0] |
Pc
k‘ siiee L .
0
L— Pe \
1
9
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Reservoir Architecture
Geologically realistic model from Weber and van Geuns (1990)

Three (clastic) reservoir types: oy

Layercake — Layered reservoirs:

Low permeablllty.contrasts between ver.tlcally ot &7 > 'p'o'dp'o%'dg
stacked layers which are laterally extensive 00 (N O o] [ o)

Jigsaw — Mixture of high and low permeability 7“;3

sedimentary layers and bodies:

variable overlap of high permeability bodies,
variable difference of permeability vertically and ///

horizontally | W

Labyrinth — Isolated high permeability bodies

within low permeability ‘background’:
variable overlap of high permeability bodies, —
variable difference between sandbodies and
background sediment
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Reservoir Architecture

A Layer-Cake Reservoir Type e Deterministic model can be

used for correlation
- 1500m -

e Simple to model

(a) Distinct layering with marked continuity . '
and gradual thickness variation \g— 600m —p

Transgressive F i

{ j
, EW 7 %
Deposit -( l, z - {x .
:l“_‘,' . ;‘ é
proot [

Barrier Bar _li. [}_ﬂ___ \__i
1l [

Barrier Foot (c) Excellent log correlation showing
gradual lateral changes in thickness

(b) Layers represent sands deposited in and pITDpEI"[ﬁES

same environment of deposition
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Reservoir Architecture

B Jigsaw Puzzle Reservoir Type

e Deterministic model hardly
can be used for correlation —
probably stochastic approach
(or combination of both)
needed for petrophysical
modeling as well

-~ 1500m -

=

(a) Different sand bodies fitting together
without major gaps. Occasional low
permeable zones can occur locally

between adjacent or superimposed E-<— 600m —I\—E
sand bodies 1 L -
Tidal Channel SJ ‘5\ é’ % . / l’L !
~ 7
_ Z+--- 2= { 7
= b,_/); Z__150m
S . = - %
it f el

(c) Although the sand/shale ratio is high,
correlation may be difficult without detailed

(b) Reservoir architecture determination facies interpretation
requires detailed sedimentological

analysis
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Reservoir Architecture

C Labyrinth Reservoir Type

«Connectivity between sand
bodies is related to the
proportion of sand in the
vertical section

*The modelling is complex

- 1500m

(a) Complex arrangements of sand pods

and lenses often appearing discontinuous
In sections

Crevasse Splay -<_ 600m _>.

3 S T
Low Energy ~J 1 3¢ ]

A N A=
Distributary [ §|_X 2, { Cl_l
Channel Fill RN Al 1y
High Energy (c) Difficult log correlation even when well

spacing is 400m to 600m

(b) In 3D interconnections exist but in part
only via thin low permeable sheet sands
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Architectural Matrix

HORIZONTAL HETEROGENEITY

VERTICAL HETEROGENEITY

LOW

LOW

MODERATE

HIGH

Wave-dominated
(proximal) delta

Sand-rich strand plain

Barrier island

Distributary mouth bar
Proximal delta front
Tidal deposits

Mud-rich strand plain

Meandering fluvial
(single point bar)

River dominated delta
(single package)

Back Barrier

(Layercake)

(Jigsaw)

(single package)
Shelf bars
b= ) Alluvial fan
) Wave-modified ) )
= (distal) delta Fan Delta Braided river
(]
E Eolian Distal delta front Tide dominated delta
Wave modified delta
(proximal)
River dominated delta
(stacked packages)
T Meandering fluvial
(G) Submarine fan Meandering fluvial (Stacked pt. bars)
E (Turbidite) Braid plain Back barrier

(stacked packages)

Submarine fan
(stacked packages

(from Tyler and Finlay, 1991)

Vertical Heterogeneity

(Labyrinth)

Horizontal Heterogeneity

Layered architecture

Mixed architecture

Isolated architecture

Low

Moderate

Low

e

Medium

%m
NS SS =SS
-—

High

ey

IR N R ———

SN |

Well spacing

Flow unit
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Recovery as a function of geology

NORTH SEA RESERVOIRS

-~

Water Injection

Debris flow (Brae)
Turbidite (Magnus)
Submarine fan (Forties)

Shallow marine (Piper)
Fluvial (Crawford)

— Jigsaw

.

—— Layercake
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Compartmentalisation

Sedimentary structures or stratal architecture (facies models)

Turbidites (Forties), fluvial reservoirs (Brent Ness Formation),
deltas etc...

Faulting

Seismically resolvable faults (Gullfaks)
Sub-seismic faulting (Thistle)

Combination - faulting and architecture (NW Hutton)

Some fields have no compartments

Measurements techniques:

Formation pressure testers to detect pressure discontinuities and
variations in contacts
Geochemistry to detect variations in oil properties

Tracer testing
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Learning objectives

|dentify correlation markers

Correlate lithological units between wells using
lithology and wireline log information

Understand how interpretation of depositional
environment affects correlation of rock units

Describe the role of different data (seismic, log,
biostrat)and models (sequence strat.) on correlation

Describe pitfalls in correlation

Correlation is the step before mapping - Exercises give
useful experience



®Y Petroleum Learning Centre

Exercise 6-8: Correlation

* |t involves:

6: Correlation and hanging
/. Faulted sections
8: Structural vs stratigraphic cross-sections
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[JononHuTenbHbLIE crnangbl
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OCHOBHbIE TUNbl HECOornacun

JpPO3UOHHOEe cpe3aHue (erosional truncation) — 3aneraHne Bblllenexallumx
OTNOXEHMN BbilLE MOBEPXHOCTU 3p03un. MOXeT BCTpeyaTbCsl B pa3HbIX MO3ULNSIX B
OCaZloMHOM TOJSILLE, HO Yalle B CBSA3M C YIIOBbIMU HECOTIaCUAMN.

NogowBeHHOEe npuneraHue (onlap) — npuneranue (rnpucrioHeHUe) TOSLLN CNOEB
Ha MOHOKITMHAaNbHYK NOBEPXHOCTb, HAKITOHEHHYIO B TY XX€ CTOPOHY, YTO U CINOU, HO
bonee KpyToO.

Haneranne nnu nogowBeHHOe HaneraHue (downlap) — Hecornacue, korga
CIioucTasl Tosila HaknoHeHa U KHU3Y yTbikaeTcs B 6bornee nonoryr noBepXHOCTb.
OTa NOBEPXHOCTb Ha3bIBAETCH M10BEPXHOCMbIO Harle2aHus (downlap surface).
HaneraHue xapakTtepHo, HanpumMep, 4n4 nogoLwBsbl KIMMHOGOPMHON Cepumn.

KpoBenbHoe yTbiKaHue (foplap) — cpe3aHne MOHOKNUHANbHO 3aneratoLlen
TONwM ceBepxy bonee nonoron 3po3MOHHOW NOBEPXHOCTLID. OTa NOBEPXHOCTb
Ha3blBaeTCA 1108epxXHOCMbIO ymbikaHUs (toplap surface). KpoBernbHoe yTblKaHne
0ObIYHO CBA3aHO C 9PO3NEN UMM NepepPbLIBOM B ceanMeHTaL .

CornacHoe 3aneraHve OTHOCUTENIbHO NOBEPXHOCTU Hecornacus
(concordance) — Hecornacue, Korga CrioMcToCTb napansensHa NOBEPXHOCTU
Hecornacus (Npy 3TOM BbILLE- N HUXKerNeXallue Tomnwm MoryT ObiTb Mexay cobon
HecornacHbl). Belgensercsa cornacHoe 3aneraHne OTHOCUTESNTbHO BEPXHEN U
HUXXHEWN rpaHuLbl NAaYkn CNoEB.
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Seismic unconformities

Upper Boundary
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1. Erosional truncation 2. Toplap 3. Concordance
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B. ;Baselap
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