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In the 1990’s seismic interpreters started noticing strange polygonal patterns on
horizontal sections (time dlices) through three dimensional volumes of seismic data.
There is some geometric resemblance between these features and mudcracks or cooling
joints in volcanic rocks, but on a much larger scale. In cross-section views these zones
appeared to be broken up by many small faults with a spacing of a few hundred metres.
Above and below these zones seismic horizons are often completely unstructured. At first
sight the faulted zone looks like it has been subjected to extension, but on further
examination, this interpretation is difficult to reconcile with the lack of structures in the
rocks surrounding the faulted layer. An alternative and preferred interpretation is that the
deformed layer has undergone internal three-dimensional contraction, analogous to the
shrinkage processes involved in the formation of mud cracks (desiccation) or polygonal
joints in basalts (crystallization and cooling). Most of the published examples come from
the North Sea (for example see: Cartwright, J.A. and Dewhurst, D.N., 1998, Layer-bound
compaction faults in fine-grained sediments, Geol. Soc. Amer. Bull., v. 110, no. 10, p.
1242-1257). However, many other examples have been recognized around the world
including some from the Jeanne d’Arc Basin, offshore Eastern Canada, which will be
shown in some detail in this presentation. All reported cases of layer-bound compaction
faulting occur in very fine grained, sediments deposited in deep water. The rocks
involved are all pelagic or hemipelagic muds, clays, oozes or chalks.

The principal criterion that distinguishes compaction faulting from other types of layer-
bound normal faulting, such as slumping and growth faulting, is its polygona fault
pattern. This can only be defined on 3D seismic data. Even to image these features
adequately in cross-section view requires migrated 3D data, because the small fault
blocks dip in all azimuths, thus there is no single dip direction in which to conduct
satisfactory 2D migration. So far, no reported examples of polygonal fault patterns have
been reported on 3D seismic data in the South Caspian Basin. However, some layer-
bound hummocky and chaotic reflection patterns have been observed on 2D seismic data
from the central part of the Basin that may eventualy be shown to be polygonal
compaction faults, once 3D data become available in this area. These layers are also
characterized by very low interval velocities, which is indicative of undercompacted,
probably impermeable fine-grained rocks. These reflection patterns are found in areas
that are thought to be dominated by deeper water sedimentary environments.

If 3D seismic data do confirm the presence of compaction faulting in the South Caspian
Basin, then two main benefits arise for exploration:



First, and most importantly, the seismic data will have provided a direct and reliable
indication of lithology and depositional environment; this will be useful for constraining
geologica models of seal and reservoir distribution, in addition to providing more
accurate prognoses for drilling. There are very few other reliable ways of determining
lithology and depositional environment directly from seismic data. Sometimes, deep
water sand bodies can be delineated by noting the absence of polygonal compaction
faulting. An example of this is the Alba Field in the North Sea ( see: Lonergan, L. and
Cartwright, JA., 1999, Polygonal faults and their influence on deep-water sandstone
reservoir geometries, Alba Field, United Kingdom Central North Sea, AAPG Bulletin,
vol. 83, no.3, p. 410-432).

A second benefit of recognizing compaction faulting is to provide quality control on the
3D seismic imaging. If present, the features will be widespread in the deeper parts of the
Basin, they will be in distinct stratigraphic intervals, and they will have a known
structural style. However, they will be near the limit of 3D seismic resolution and will
require the best possible migration algorithms and velocities to image them.
Unfortunately, seismic processors and interpreters are sometimes tempted to dismiss such
features as artifacts and may try to filter the data to make the structures disappear; of
course this could also remove other small scale structures and anomalies within reservoir
sequences elsewhere in the section that could prove crucia in exploration and
development decisions. Therefore, if we succeed in imaging polygonal compaction faults,
we can be assured that our seismic data has been acquired and processed in the best
possible manner.
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B 90-x romax chnenMaiMcThl, 3aHUMAIOLIMecs HWHTEpHNpeTalueil  TpeXMEepHBIX
celicMUYeCKUX [aHHbIX, HayaJld 3ameyaTbh MPHUCYTCTBUE HEOOBIUHBIX IMOJUTOHAIBHBIX
CTPYKTYp Ha TOpPH3OHTAJIbHBIX pa3pe3ax (BPEMEHHBIX WHTEpBalax), HWMEIOIINX
OIpEJIE]IEHHOE T€OMETPHUECKOE CXOJACTBO C TPEIIMHAMU YCBIXaHUS WM TpEIIMHAMU
OCTBIBaHUS B BYJKaHHYECKHUX MOPOJaX, HO MPOSBIAIOLIMXCA B TOpa3no OoblieM
Maciutabe. B momepeuHoM pa3spe3e  BBIIVIAMT, YTO O3TH  30HBl  PACUIEHEHBI
MHOTOUYHNCJIEHHBIMU HEOOJBIIMMM pPa3jioMaMH, C HMHTEpBajJaMM B HECKOJBKO COTEH
METpOB. BbIllle U HUXKE ITUX 30H CEHCMHUYECKUE TOPU3OHTHI 4acTO OBIBAIOT MOJIHOCTHIO
HeHapyleHHbIMU. C MepBOro B3IUIsa, TEKTOHUYECKH HAPYILIEHHAs 30HA BBITJISIUT, KaK
OyATO OHa IMOJBEPIriach MPOLECCY PACTSKEHUs, HO NPU JaJbHEHIIEM HCCIIEOBAaHUM C
9TUM BBIBOJIOM TPYJHO COIVIACUTBHCS MO TNPUYMHE OTCYTCTBUSI CTPYKTYp B TOpOJax,
OKPY’)KaIOIIMX HapyIICHHBIA TUacT. AJIbTEpHATUBHOW M Oojee MPeAnOUYTUTETHHON
UHTEpIpeTalueil sBIseTcsl BepcHs O TOM, YTO Je(hOPMHUPOBAHHBIM IJIacT MOABEprcs
BHYTPEHHEMY OOBEMHOMY YIMJIOTHEHHIO, aHAJOTMYHOMY IpOLECCaM YIJIOTHEHH,
MMEIOIM MECTO TpH 00pa30BaHUU TPEIIMH ychixaHus (mpocecc 00e3BOKUBAHUS) WU
TIOJIMTOHAJIBHBIX TPEIIMH B 0a3aibTax (KpUCTAUTU3AlMs U OXJIakaeHHe). BolbnmHCTBO
OnyOJIMKOBaHHBIX IPUMEPOB OCHOBAHBI Ha UccienoBanusx CeBepHoro Mopsi (Hampumep
cm.: Cartwright, JA. and Dewhurst, D.N., 1998, Layer-bound compaction faults in fine-
grained sediments, Geol. Soc. Amer. Bull., v. 110, no. 10, p. 1242-1257). Onnako, B
MUPOBOI MPaKTUKE U3BECTHO MHOTO JIPYTUX NMPUMEPOB, BKIItoUas 6accelin XKanubl 1 Apk
U 1menabd BocTouHOro modepexkbs Kananwl, G6oiee moapoOHOe 0OCYk AEHHE KOTOPBIX
Oyner mnpuBeleHO HUXKe. Bce H3BecTHbIE ciydaul BHYTPHUCIOMHOrO 00pa3oBaHUs
pa3ioMOB YIUIOTHEHUS MMEIOT MECTO B TOHKO3EPHHUCTBIX OCaJ0YHBIX MOpoJax B
rIyOOKOBOJHBIX Yy4YacTKax. OJTOMY IMpOLECCY IMOJBEPKEHbl BCE IMeJarndeckue WIu
HOJyTeNarnyeckue Mmopo/ibl, TAKME Kak ajJeBPUTHI, IIIMHBI, UJIbl WA MEIL.

OCHOBHBIM KpHUTEpHEM, OTIMYAIOLUIUM 00pa30oBaHHE Pa3IOMOB YIJIOTHEHHUS OT JPYTrHX
TUIIOB OOBIYHOTO TJIACTOBOTO OOpa30BaHMs pPa3iOMOB, KaK HalpUMeEp OIMOJ3HEBBIX M
KOHCE/IMMEHTAIIMOHHBIX Pa3lIOMOB, SIBISIETCS TOJUTOHAIbHAsA CTPYKTypa, KOTopas
MOXXET OBITh BBISIBIIEHa TOJBKO TMPH HCIOJIB30BAHUM TPEXMEPHBIX CEUCMHUYECKHUX
TaHHBIX. Jlaxe 1Jid modydeHus aJieKBaTHOTO U300pakeHUs 3TUX SIBJICHUI B MOMEPEYHOM
paspe3e TpeOyloTcsl TpeXMEpHbIE JaHHbIE C YYETOM CHOCa, TaK Kak HeOOJIbIIue
pasznoMHble OJIOKM MOTYT WUMETh 000 a3uMyT MajeHus, W, TakuMm oOpazoMm, s
BBITIOJIHEHUSI YJIOBJIETBOPUTEIHLHOTO ABYXMEPHOTO CHOCA JIAHHBIX HE CYILIECTBYET OJIHOTO



azuMyTa TmageHus. Ha JaHHBIE MOMEHT MPUMEPOB TOJUTOHUYECKOW CHCTEMBI
oOpa3oBaHus pa3noMoB B Oacceline FOxuoro Kacmust, morydeHHBIX TPH UCTIONB30BaHUH
TPEeXMEPHBIX CEeHCMUYECKUX MHaHHBIX, He omnybnukoBaHo. OjHaKo, ompeaenecHHbIC
"Oyrpuctbie” M XaOTMYECKHE OTpakaTelIbHbIE CTPYKTYPHl HAOJIOJATNCh TpU
UCTIONB30BAaHUU JBYXMEPHBIX CEMCMUYECKUX JAHHBIX, MOJYYEHHBIX B IIEHTPAJIbHOMN
JacTu OacceiftHa, KOTOpbIe TIOCiIe MOTyYeHHs] TPEXMEPHBIX JaHHBIX IJIs1 TOH 30HBI MOTYT
OBITh MHTEPIPETUPOBAHBl KaK TMOJUTOHAIBHBIE pa3IOMbl. ITH TUIACTBI  TaK¥kKe
OTJIMYAIOTCS OYeHb HHU3KUMH WHTEPBAIBHBIMH CKOPOCTSMH, YTO XapakTepHO IS
HEJIOYTJIOTHEHHBIX, BO3MOXXHO HETMPOHMIIAEMBIX MEJIKO3EPHUCTBIX TMOPOA. ITH
OTpaKaTelbHBIE CTPYKTYphl HAOIIOMAlOTCs B 30HaX, B KOTOPHIX, KaK CUUTaeTC,
npeobnanaroT Oosiee TTyOOKOBOIHBIE CPEbl 0CATKOHAKOTIICHUSI.

Ecau npu vcnofib30BaHUM TPEXMEPHBIX CEMCMUYECKUX JAHHBIX MOJTBEPIUTCS MPOIIECC
oOpa3oBanHus pa3iomoB ymioTHeHus1 B FOxHo-Kacnuiickom bacceitie, To 3To o3HavyaeT
JIBA OCHOBHBIX OJIarOMPUSITHBIX MTOMCKOBBIX (pakTopa:

[TepBbIM, HarboJIee BaKHBIM (PAaKTOPOM SIBJIIETCS TO, YTO CEHCMHUYECKUE TaHHbBIE OYIyT
coJiepKaTh MPSIMYIO ¥ HAJSKHYIO WHAUKAIIUIO JTUTOJIOTHH U JTUTOJIOTUIECKOH CpeJibl, 4TO
OYEHb YJAO0OHO JIJISl IOCTPOCHHUS T€OJIOTUYECKUX MOJIEIICH MOKPBIIIEK U PaclpOCTpaHEHHUS
pe3epByapa, a Takxe i odecrieueHus 060j1ee TOUHBIX TPOrHO30B OypeHwus. CyIiecTByeT
JIMITb OYeHb HEMHOTO JIPYTMX HAaJIe)KHBIX METOJOB OIPEIEIICHUS JIMTOJIOTHA U CPEbl
0CaJIKOHAKOTIICHHs HETIOCPEJICTBEHHO Ha OCHOBaHWHU CEHCMHMYECKUX NaHHBIX. MHOTHA, B
cilydasix, KOrja 3aMeueHO OTCYTCTBHUE MOJUTOHAIBHBIX Pa3JIOMOB YIUIOTHEHHS, MOTYT
MPOCIICKUBATECS  TITyOOKOBOJHBIE —TecYaHble Teia. [IpuMepoM 3TOro  CIIy)XHT
mectopoxaenue Anpba B CeBepHoMm Mope ( cm.. Lonergan, L. and Cartwright, JA.,
1999, Polygonal faults and their influence on deep-water sandstone reservoir geometries,
Alba Field, United Kingdom Central North Sea, AAPG Bulletin, vol. 83, no.3, p. 410-
432).

Bropoe mnpeunMyliecTBO OINMO3HaHUS Tpoulecca 00pa30BaHMSA pPa3jIOMOB YIUIOTHEHUS
3aKJII0YaeTcsi B BO3MOYKHOCTH OOECleyeHHss KOHTpOJs KadecTBa H300pakeHUs
TPEXMEPHBIX CEHCMHUYECKHMX JaHHBIX. B 3TOM ciyuae, xapakTepHble NMPU3HAKU OyIyT
HaOmroaTeesi Ha Oosiee TIIyOOKOBOAHBIX ydacTKaX OacceliHa Ha OIpeleleHHbIX
cTpaTturpaUyecKkux HHTEpBaJiax W OYIYT HMMETh W3BECTHBIA CTPYKTYPHBIA CTWUJIb.
OnHako, OHU OyJyT HaXOAUTCS OYeHb OJU3KO K Mpeneiy paspeliaoeil cnocoOHOCTH
TPEXMEPHON CEHCMUKU M JJIS UX U300pakeHHsl MOTpeOyIOTCS caMble ONTHUMAalbHbIE
QJITOPUTMBl MUTpalMK U ckopocTed. K cokanenuto, crneumanuctsl mo obpaboTke H
UHTEpIpPETallud CEMCMUYECKUX JaHHBIX HMMEIOT CKIOHHOCTh HEIOOLEHUBATh 3TH
CBOWCTBA, CUMTAsl UX UCKa)KEHUEM, U MOTYT IbITaThCsl MPOBOJIUTH (PUIIBTPALIMIO TAaHHBIX
JUIS yJaJeHUs MPU3HAKOB, UTO 0€3yCIOBHO MOXKET MPUBECTU TAKXKE K YAAJICHUIO IPYTHX
MEJKUX CTPYKTYp M AQHOMAJMH B IUIaCTe Ha APYTHMX Y4YacTKax pas3pe3a, a 3TO MOKET
CaMbIM CEpbE3HBIM 00pa30M MOBJIMITH Ha MPUHITHE PELIEHUH OTHOCUTEIBHO MOUCKOB U
pa3Beaku. CrenoBaTesibHO, €ClIM Mbl J00beMcs YIOBJIETBOPUTENLHOTO HM300pa)KeHus
MOJIUTOHAJIBHBIX Pa3JIOMOB YIUIOTHEHHUS, MBI CMOKEM OBITh YBEPEHBI B TOM, YTO HaIIU
ceificMuYeckue JaHHbIe TOTY4YeHbl U 00paboTaHbl HAWITYYILIUM 00pa3oM.



