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ABSTRACT

Ri vneera nledmmdar phodynamics are critical to und
however, -ttfheopuotessl ati onshlipei aredadpogsity ket
i esbserdendds e nand csounbpsruerbf tanssesitelieysdi r ocar bon reserv
where accurate subsurface modelling i s essent
Despidwaitlhabl e, ilndcoalmazzedonmodel | i ng di screpanc
often occurring bet weamk ibbbg neddod |else daxchnew des pdoast ieat s
are of part.i cfailsgaeaiimegd rdepmocsei a rsldi ami et i1hnypder ronceaar bbl

satumatdi onmbi | ity

To i mprove underbsdlatn dh entgenrdd gdeanpenistdye tho 5 a | pr
t heisnivse st hLgpam€arset aceous McMurray Formation at |
Al berta. The r etsejatricdh tzanjsafode arpgossaarrees by i nt eg
t hevint Bl at edd dbtoaethmrl st ruct the | ocal pal eoenvi
t he pal eochannel mor phodyanandtici pvbohuesbhgaheo
mi cr os bpuwceébramu d s $fornobem Mienaes i ng scanning el ectron

( SE.M)

The areaaféamihmtedr &stx 1.1 km ar eadmlyat was
20288ugrOLTIhmi Fea heewverr® nt | nexcawaltyeadmswhiel geol ogi
documented not a9 | &hguedoileodg ficnttheeravtaul easne arpgphr o x i ma

2@me etrisi c k -lcendagnpnoesi@ts mpdniisnee ar chi tectur al el eme



poibmtr s, t hpeientc oluart £ ra rcd atnmceAl affealdssncefd t he st L

a ypchahbredlt Oeewnds tionb scenrev eodf s.t he point bar

The yap poebhathre pocsoimipsri se i nclined (hheHShwmad i t hi ¢
interspewmusisd owiet ol ast blrierceed atsrbaeuegdh scardcslsssd 0 @ e
The deposits were | ocalized in a seg-mernt of t
downs#fneamg tr endsamond eltloys pbi ectatle rp ouiprete w Isit @amd t h e
deposits, pt bds cuetsislagydzdecnhf or m reconstruction to
processes t hathaeby pdiecpaolsd td wriihneghott d enegmearhka t 1 a |
was mu-ds t bormaggnadv @ f | dit ehaet ¢ ppiocHawtr het er ogmonmaei t y. F
mudstsam@gbanstream from the atypicabsedrepo®esits
mi crosthactoteri stics, whmmnshi zreedv emaul dss teovni ed eangcger
The pr etsteanceesam|l e mudstiompltihggr agdresder rang
hydr odynamisch ocuo ndd ibtei ofnbsoimmit dét edef deposition, p

mudstone companmendtHSaf poi nt
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CHAPTER ONE:

| NT ROD UXNT |



1. Research Motivation

Meanderinghei dei si agef éoredd deshmionsdntachta ran e |
deposistyisomanlt he surf ac@ybdbvesher EaSthtaanl (9,t 22017 -
Theretoueately p-Dedcst bmbdét hprahé aarnielrent
depoissi thsenef i diralnchiechdfanaemMeseéns h.dgiom, 1988)
exammldee,r su andi ngi bhosabsesfdcetfrligbludtw ons, and
i nt er,het penviecswa tgeart es(easmkirceandN$harg, ett98arp; ,
antdhe fate of harmful subsur f.achleddciotnitoanma Inlaynt st
i ndubsetnreyf i t s significantly from precise modell
anadxecothiyadm oagaerskbar ce,aaxit sabtsiegment environmen
projects wdomi nsaufbesdurr ef saéctley.oGirresr ar and WA host , 2
and Tang Naz2z@ih et al ., 20H88; mMarvanias £or ath
i mpr omoidned buil ding and predictivebelottenti al [

sedi ment s.

The At habasca Oi |l iSsanad s93Re0goa0o nknnf AO@SRheast er
compri si ng-blewditagakrebdeormbeandeposits of the Lowe
Mc Murray FAlIhmattanEner gPe Rewghid wart foa ¢ eg2at@3gr esce t s
hef erreext r 8®©mobdae I(lei. gg , Hei n aQrde rCaort taenrdi 1A r,n o2t 0tO,
Peng et ,ahofde0#&)Yy cetdadrimmommeeuvaenhltelréet er ogenei t
(e.g., Jordamant@he &Fachmlroped it 9s2t)a cikn ntgh @ aMd Mu mrsa
For maiieiom and GotRend |l dGealOdgi B0284ri sk potent.
buil ding model | bratme wedKkKigtséwoi eerseac kapgesent, an

wh ebmor echrog teiddbs not r agpthnrsB uri tomesr mor e, model | i ng
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predictive distributions of I|ithofacies (i.&e.
i n quiessttyipoincal , naptrdo pudmadree fsaroeo di f CbD haeteysmievkayl,

featsueficiently documented and subsequently
pal eoenvironment al condi tiitoncgarnelbeen t pdbdueed i
charactevemawhensmadidtaidamalonkt bdisdohi s researc
a yppoehathre powiitthst he Cretaceouswdedami agdFat m&Ke

mi n e, nort heastern Al berta.

At Keaml8Dmisud smordfe® e € ibfyi -sotht e geontdigei st s whe
depossetgqueaeerpaduerdi ng eQrrae ad X pans edle p dgasK etatr f pi c a
mi ceont saegenégnt s ohetuemodet heidhiignnt eerrgoye dsst rwu d thu r
(etg.omgdbsesd d.i nByo)r ehol e dnitnat eprreockeva tEheestwdnri é&sh
waisncorrect! ¥ liurctt esrdpioreantge @ ygls i ncl i ned heterol i
(I'HS) depodleitnsg retreradmheesd gni fi cant ofeomol ume d
i nac dwurtlaatiev en g eaadleo @ifhea laptrieosna.h e e meadtdemd &
trougibedrdesisidse prosti ta we | n o ru nddppchusnineonotdendo n
Further mor-el asnudddminreat ed brtelticn apsa cokoageavydetr e n |
mudstone clast brecciaeli®ewilbmoédompnanat ndepbsi

t he .study

The present research |l ooks to investigate
descri bAdpadoiviel e expl anati on csoursepsemiiddesdn gr o wi
of tt @ raasaed g r eagnadt edseenmr eé odeposi ted in a wider ranc

conditions (Bennett et .%Us p emuddar;t ilcil eainsdy g3 cehgia

pervasive in aquatic enandonimemésexppennmeént et



aggr eqg aatldassoameael as bedload in flowing water (S
evidence of mud aggregate deposition in ancie
scanning el edtSEM) mimamgo ngog Yl int ,|I f20sluigh Layco
aggregation exyssttesmpa mtiitheuwlvarally iealvi ronment s, a
understanétiogi ahc madsmadgmnee eddeepdo.s iTthiiosn i ncl udes

componleiH@. ghomas ,delpD&7)tts biamr spoi n

1. Research Questions

To address the trhreeesaacbhmguestat asafahdowbj

1) UsimigfFemce obsear tatmmidems wi th subsuyface d
what methodstoanmnnppeoesdplilcaty vandapadedfst aedi ng
depositional processes i n tfhleuwWicaMli nd eaphoed-iotr sna t
Ssubsw®wrface

2) Can we folbwsweurdvéet one mi crostructure i n poo
the Cretaceous MoMuirfr asywhFeoerstdabtubounr r esul t s 1 mg
sedi mentol ogifdalvi@aldgmagdsde Dne

To addegeesst itbhn suriebeaeddd aMc Murray For mat i ¢
outcrop awmwaKkeabhl mhpepresent study Kearl mi ne
month data coll ecdAugnsperio@8)(Mdur2082which t
400,000,000 tonnes of subsurface material, pr
Formation, Acoemimainkéd| meamrdemstruction i s crea

of i nterest Spnattiha tnewghoaw tanicohna Aronedl 14 hient, et fhreeted d r e



defining the pdeoepgesAstieomalisomtc ulseald otnpotibretr at ypi ¢

deposits that iatrtee darcaranemnft eidn twa rt st .

To investigate theammdds$ dDoweacts|alnoudsoem ditchteu r e
point bar cont aiamidn @ X @ téyepcimenan Ity aideesp onseirtes per f or n
t he sfaomrplSEM i ms envegi hgosdvsi csed from preRobpeaus worl
al(20T&r met hod i ncludes saltouw avtiisncgo stihtey seapropx ye
White) noumnwdiestamsesseédon of the mudstone with S
the recampdamer eeavi t s prese arush and SEM anal ys«

mi crostructure

1. Research Organization

This thesis is organized into four chapter
topics, chapter two and three are presented a
1) and 2), respectively, andonc hédarpstceusfsfioounr i s
pot efnutiwadet eammkng fr om Thharsalrle $emdhmibs s I nvol ve

anal ytupgatesses daenpdoisn étssabheelitngsedi ment s of t he

Cretaceous McMurray Formati on.

Chappersents a e mercomesngiuvcd i DR doeft-earn appr
thilcki x 1.9 km aretni Wwdiahmg ske¢ arlf miomehol e an:
phot ogaB®®bul t s i rchlawohed ldt aytpuhraeasl st r engtthaern curr
mo ddlns .ad diytpii crebla rgpp asarpteostietd uamdh er di s c WChaed eirn
3 comprises research dapesntoobtdea samel pdi mudba

downstream from the atypi2cawi tdiep@damsidismdti & ciurs\s:¢



mi crostructure propertidesammar nge SEVMmBEmE@S Tht S
and organizes them into a fluvial process to
mac-to mdaaloe. Further direction in research i :

resear ch c anx pbaenodei frighe fcomcl usi ons herein.
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CHAPTER TWO:

| NTEGRATI ON OF BOREHOLE AND OUTCROP DATA FO
RECONSTRUCTI ON OF AMAL GAMATEADOD NEANDSHR S,

CRETACEOUS MCMURRAY FORMATI ON AT KEARL MI NE



2. 1Introducti on

Meandering river channel evolution exerts
sedi memea nlmelral n ancibeenltt ndeeapnodseirt s, under standi
processes can be difficult from |imited and s
sources to produce channel evolutionrreconstr
dynamics from &relanaMghnts is@b gln%d8s9s; i et al ., 201
Ghinassi, 2014; Durkig@l1l&t &l seraelbt BLUrkiaoe
elucidate and contextwualize otherwise enigmat

our existing meandering river facies model s.

Various data sets have been utilized to pr.

evol uti on. 1pbcsrerevxianngphlaesbdegdhto | ut i on t hrough sat e

andf i@l d me as Brmg mehntes (@l ., 2009welilBlggvansntecoet
anal gsgmi (h et al., 2009t hSéandeFrasdi smiad 18) ,
sur ee.yggpubbard et al ., 2011; Smith et al ., 2011

studies help to rpeafbiine ttihees d ent egrenoifnoirsetciacs tcian g

particularly within typical poi nt bcahrasan ebly un
besl 3. The necessity of such work is apparent
facies changes and heterolithic diversity bot
chall enges of fpruogradesseldanandat bb og grpa dbevlel idreg e

by underdtaznbmedivog uti on and their (gawerning mor

mor phol ogi cal changes over time).

10



Architect urmelanglesttreensssond t depbaisyssd emnh t he
they are a part @bi nEab ses asmnpred,i mmsunrstédrrerame d
mi grating epaqi.nt Gharnsas aar eetc oamma,m div@ 2é)g) channel
respond to | ateral confinement caused by cohe
et al., 2011; Ghinassi et al -c,hazOnled; fDurlksi naree
when upstream channbeelrcdoty dlss(MioalsiL,dobm@ander al
2012Bel lizi)a eturalher mvzxldi shrtsevboadbaohi t hof aci e
architectui af | edeye ctehdet nao repvhool doytniheemia oFfhiend i n g
upargd assiinz e itnr eimidgsr at i ng rivers are theltwega de
potbmtr surf a@&® BKBrAild ge, 1sHB8z5€)s, taynpdi cgarlaliyn decr e as
from the bend apex of a point bar meesansdheerar f o
bend (Labrecque et al., 2011; Hagstrom et al
relationship betwesinzd nsihtelmsb asdj r msan adproaient he
surfaceld®8F)i.dghowever, aBhgpiopmosieksisdb eatsr avred s
For exlaamrpgleer, of dloworded ai n mwhaeés eofetnem ggx iretgi mes
the depmeicwiagmadoined sedi mentAt(ylpamalets eali . men20
deposition phasgeesthy dp @otcamtbioaml recovery plannin
et al., 2012; Nardin et al., 2013; Martinius
subsurface fluid flow characterizations for h
(Wil limg,and0IT@&; CliHel ptmiatli.gat2d IBymd dieolh at h 2 g

directly links deposit to subsurface data i s

A common strategy to underDstiasn do uctocnrpol pe xa nsael

Qutcrops supply the most intimate and empiric

11



guant daaai pe@wutf or Medhanmnmreelenget pctaod Ghinassi
Durkin et alet, a2015;20\i8s e rMasgpmwmr @i ché .an 2I0@BY e s
Subsudrefpaocsei t i ntempiredtame diods| aoawvteeaxtxti onal bor e
They may be wutilized to fill the gaps where i
conventional data resolution is |l arger than t

captur e. Nonet hempasi sanl hbekweéndouectopoand

To i mprove understandi ng-befl te diegpmeastiitcs ,f & ahti
i ntegrates a demnd dlLesw@rseutraf caecoeu sd aMcaMusrertas/t For ma
outcrop availabiifiatcy ipmhattlod mp@imm adf OmilneLt d. 6s
opent heavy bitumen o0oil sands mine | ocated th
nort heastkFrrres RAll Yo eentemofsaecde sm w eprheo toobgdyear pheeddea n d
geol ogi st s. A planform r etceomtsurrailc td loemmenn tt sh Isi
atypical flwuvial trends that were revealed du
correlation between outcrop and conveibteildnal
reconstructi onrs.oplthiemiez d i mald enlglsi cca capabi |l itie

future aned arre fmormde |l mai nt

2. Background Geol ogy

The McMurray Formation was (dA@AdiddAdibhtiaddo)nghr t h
the northeastern caiediomemthar We Bthe# mlac@maenladg |
ri se amsdastmalikeaeli vessedl ati ons (Mossop and
Pemberton, 1992; Hein and Cotterill, 2006; Ho

orogeny of western North Ameri ca earrecaafralr eviol u
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sin, enabli#tgdialudieplosi ¢ sfloeivitale McMurray F
92; Mossop abDdsSbéuseon 29d4yroll apse of und
d evaponri nes wimonkrdendeidnage pat hvwizeysalt hddec Mlhhros a
rmati orF|l daeho ;aintds Mossop, 1985; Mc Phee and Wi
rton et, aln.d,, 20nlcée t he inrefgjaltlieceont foipmegirtap hy w
position continued @FI| aold A nThsM orsasta pglr 7alpon8ys ;o
Murray Fbemafoometdampwviesgsthinner, segmente
mpl ex stacks of channel, floodplain and | ac
rton etanamlheckB@0il-d¢alt @ Hxdlath nsed dii Mmetnhteatd eopno s i t
ovarrigy, 19%5&rni IHe, n2@mha; C®enyon et al ., 20
position of the McMurray Formation was subs

utchwmrrograding Boreal Sea, resulting in mudc

Wabi skaw Member of the Clearwater Formation (

22) .
The McMurray For ma-tii ond e d uinnbftacsrenda toeng wsour bk f

rrigy theaé&®) middl e awmmndi tusp p(eFh gWceMuerdr)ayt hi s t

stem has since been i mproved for chronostra
ntinues to be i mproved incrementally with o
, 2019; Har dgesktorpdmedt adl..,, 22®23; HReng et al

f or mal system icsi tsyt iiln luistehdo [foogi d tasnd iempviir c

wer MoaMee mpyi sessft bmeienlvbkand hi nner and | es

extensive than mi dbdd uen dvegdvEiymafyd nlexictus t ri ne and

deposits. Fl uvi al pald-kaegebsborcal n gtedleeafarmram up

13



- ﬁl_bgta Kearl Mine and Lease Area

e —

| INGHVe g srea |
| . FAreaof interést o AN
Athabasca Oil

Sands Region

096-07W4

Edmonton
I/Jﬁj

Stratigraphic Chart
Period | Age | Kearl Area, Northeast AB.
Quaternary Glacial and Fluvial
‘ Albian W Mbr.
T " Upper
o A =) o
S e 35
- o Apti G] = Middle
§ = ptian | @ S ®©
v = s £
) E v s
= =T Lower
.:-:“?n}' ,—f" N
)1 Devonian Frasnian Beaverhill Lake Group
& Givetian
Figut®he&.l ocation of Kear/| mi ne and the area
stratigraphic chart for the Mannville Group (
bounding units thad. are present in Kear/ mi n
| es s -mehtaenr sb otuhnidcekd, by terrestrial fl oodplain m

Mc Mu rungyd mpr i s(eusp ttha ltdk®bned)t dve g dis iptos nt-p dbiamts, cC
bars and-chlmamedndd | | s t hat wseceaeel & hdker aiersaug & bod !
comparable to the modern Missuppirp Micumirw eary ( B

compsriege onal ly correl atabl e, (PS30d enrcii dg nuwp wa rt
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progradismgredli ees (Hein et al., 2006; Bani ak
2019) .

The revisedHsinagahd2@pdy eir s i iPeSv&ndde d hbey v al |
fills that subPtSerdce fnraoe dt fem.m ToHedest to young
A2PSThe associ atnddd | Valdle@y s¢, u tB 1leBr2éailnda-nfe2d C
c hawrbresl ltc ICa Abneel It e po gietneeral |l y thick fluvial i N
Mc Murray Formation, while the remainder of th
to the middhenli MdMer Ma WMu r roa yh cso nmpgrbuekoerisi ebd
me anlelrt s, swhaecrkee d hdedbp ®egivied arse t-wpward momtee f v a
Finally, -malcth ichmaemedl transitions upwards i nt
represent shorelupmperpMecwuidtdgmtys ohedndttheng cyc

i nundati on.

2. Study Area

Kear | mine is | ocated approximately 75 km
Townshi % &88d RanfMer i7dia@Bi #es?. 9) x aTrheda k m
i nterest nmviweha xnc akwbaatreldhg data col |l ection, provi
cont i nwosuessréwyau eorutticalop ex MocMuresyofFoThmats tomdy
l ocation was chosen becaptsiemiofi nd et keea sparod meatce
acquisition and mine safety, and for the pres:
geomodel ling iIssUuieseduranmngpiEaelasaepo®mr nspnd w
of the study area dwdrfeo taalt desyepmr elta snegd tohre timecr e a
stratigr aphlwntdhlea cthkh es fnsoariecbe phot ographs for re

i nfor mhtei omrt hern and eastern borders were se

15



of the study, where excavation reached the pl_
mi ning inThastaugéeéuee. stratigraphicailnterval |

c hawrbrede It smioddIteh eMc Muvwerag@ipm@ x iL Btaa-se2 i c k .

The styakKeaagwilaggghnt ai ns basal WaMiue(yiafei.Flos mat
| ower McMurraywi ttharpreirgvya, s ilvoe5 9f)l oodpl ai n fines
amal gamat-bdl| t hdip.pe.k,i trsi ddl e Mc Muirg.ay2 TEa)r ri gy,
UuppercnnoasAbnedlld of t en i-nrcwmpditad & nley dppvabi s kawn tF
Member or Pl ei Fapocternuen cgataidohuell d ¢tcidunt y fior i dent
corcbatbhneddld mencl ature derived by Hein and Cott
usadjusted rmamerdcloat urhe dhraonrewsherkat agda@Gboai cer
2006Fi 9. RheAstratigraphycavurKear |1 mRiSSe (dVdrRErSi
Mc Murray 2 PSS (M2PSS) and McMurr ay adbnedbtsS ( M3
fills entitled McMurray 1 (M1), Mc Murray 2 (M
2 AP . 't i s | i kedgygmpgrhiag ecgshldeandes laa m@hichl Isé om t he M1
overlain by two-amdmobenAebséegpestt8 in the M

subtending from regionall yAdeposited parasequ

I n Keahlk Milnée athgrewsal rnoem-eohvsecrk 400 | ocally at
compri ses afnl vavmaallglasma sodfst whé hi n a t hioock succes
l acusmudishe®ene. The MR2p wederipdossendyi smdertinst iamchi cat e de|
fromelaati velcywlhsanrbnkel le rcymp &tndiée tow e rTlhyei nM2 M3s. up
to-mei-ehsck andiZanef agere Gabumoaedfsaqugnces. I
whet herupwarckieidi ervMy| se@ ar at ed by sebewmébs cause

fluctuathensuandndi ng HFS%yn Ido d d-beeletnd aanmeed si on
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Subsequeanu psaptei dry Tt harwealiitea h a vertical aggr ada
Wit hout significant evidence of -spwatdgrapeéer ¢
in M2, it is named McMurray 2.naddM2aPiSssBha&and i n
(M2 . 5PPSA) Thiegi.m32e @pa It-noe stebri ¢ E o mumpiwsirirdgi n g

chawrredlt démdsiatre comparable to A2 channel de s
studies nearby (e. qmner Ghatadauy €t01a0l;. HazxWle%k;o pH
et al ., ar82Bmcoratatledof A2 deposits comprising pa

present study araea (Durkin et al., 2020

The inter vfeaolr dfhciosmpserusdeys t hceh aMBneghlanak dMPe 5.
Mi ning strategies targeted the base of M2 acr
benefited this research. The sjpwext dgrasugdse @ fo f
potitbmtr copmitbmatr , and abafnidlelpedidesSdanmeglud ®sgabl e b
charact er. alhide scaiM2crdoépy il @ @ np endlo kntihgr at i ng bedf or
and the subsequently depaguiattda dch gM>d.ed feoammsr.i sMim

depositional def odhmadfi othhea sstpudkys enrted namiu i nt e

by | ow differential relief in the baset M2s sur
t hroughowtl at ed from the base M2 el evation in
2.2B). The southwest of the study area i s an

ri ses significant(¥Fi gao 2h2Byrout hwest <corner

17



| Quaternary Deposits

G
R

M2.5PSS

M2PSS

M1PSS N\

Older PSS

Figu2@AR.A schematic stratigMaMbhrcagr 69s maécoDi
bounding units in Kear|l mi ne. The McMurray Fo
the M1 to-bM3 teshannelis unclear i f the M2.5PSS
separ at derhegarfdem M2 i n rKesatr li.s Tdhemma relay od x d aavt
M1. Ther gamtopgpewas t aklemg firmomt lae wedddyoarmneaoOT
shown in Fig. 2.3) and displays a floedpl ain
belts (M2 and M2n&kl an@dMa) !l atBer Acth@apographi c
bet ween M1 and M2/ M2.5 in the area of intere

represents an area of anomal ously high positi
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2. Data Set and Met hods

The study area compri ses 0lg4dss0 awell Icso raec cpchnopt e
weused to derive a |itfhadiaes ess schieantei amgsl, dad
angdtratigraphic boundari es (pHiogc.e s2s.i3n)g. KkLinDeAMRa t¢
surveys-egrud pmemda GPS data were utlidcdazteidonfsor 1
Gamnpaay amet eilpwgeslised in tandem to demamwrelspa
evol WPtaillecowdi and bar migdateromi mMed efcrt 0 mandd mmet er
di spl ayed as scroll patterns that represent s
| HS b ed cudnirdyy r e avteir @ n sded e ratroocm @ t 1 © cPtail benosfa s
deri vefdesset dhi potfi e o abgebkd dasitdonepsr i marndar |orcat
at t hec hbaarbned o f de fptegiptesndi c ul lmet wpasdlfrebt@i wo nasnhdi p
|l ater al acecpeodfodiretdh ere cat a ppdin@d@e mo@ mient al i nt er |
and ori eomsrat olbbihBpadthelledgty wngh -dnhumisn amée deposi

were reshbhadwmdadckrtpa et ed alboacnadtoinoends ¢c hannel

On a daiolzye nbsa soifs ,p hdot ong wf @apehesp owsie mvessitya kceanl
site geEotMm@iQl2tos Augustha0 23 r a pbhas evde roen traek eerv an
production (i.e., modelling concerns, ore and
et d.odrai ly document ati on fagre celxctpovanmieatdh enreptr eersieanlt
st ullppecr eas afweir wtiesavehsetd mi ni ng eqbdpmemterwas
observsatnhgnbinocul ars and .hiPRhhoetro grreaspohl ulto coant ipo
obt ausniedg weekl ysabid BtAiRBnaes uUBR R ycoor di nat(eFsi g.n  mi
2..3)Phot ogr avitle es vizild2AbRtdh e t e e tlhe fnardkn nmgisne f ac

excavatioshegel pine o ktehdee ptodsiarttéscngav ati on.
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. ‘ I : I - . ° .
/ ) ' @ Kearl Type-Lo
e
200m . * r ) e . YR g ® .
[ ] A . o . ‘ o . ) g -
. "Cross Sections Contour line (5 m) @ NECOP T Outcrop Photograph
Outcrop Number ® Borehole 100-meter spacing Exposed Side

Fi gu3A&kA t2opographic map of the study area in K¢

Li DAR scanning surveys April 2023. El evati on
Kear |l otgy plest ar ) i s displayed in Figihrdl2ae2AandC
green | ines. Outcrop for FiA5 airse sshhoowwnn iinn HAigguu
outcrop 6 is shown in Figure 2.11; outcrop 7

Figure 2.14; outcrop 9 idsi ssphloawne d ni nFiFgiugruer e .21.
sect rAON-BOBACOC a-bd ®dr e di splayed i n-EBi;RgdFraen d2 .& ;
G6 are displ®&yed in Figure 2

Mi Afeaplot osgrfagprh M2 deposi ths svwmermapdggatt chgerr eepdh
document atainafelriyayn 2, bef ore the conmmdemstei on o
phot ographs wer e icsoildlnalc tpd ch ctead cGdedumemtt ore qu
beneficial for this research. M2 outcrops are
photographs chosen from a |ibrary of thousand
were hyaakenaushoe gwdt bgssetdbemenhopogposaésrinemi
from MaAulwazd2 2023. These photogr alpohnsg are pre
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panor ami c eixpiotswirae eofal &y conti nuous-bamrne face
deposit, -metemngi higindokr,t hceaal blteadeudt tbceconp p hot ogr apl
(NECR); and sical €®malhloearogr aphs and panoramic pht
2. BBECOP and s esvcearlad psamadrlaemni ¢ phot ogsembgs wer ¢

i mage editing software.

OQutcrop observations were used tdatrvastig
ext.enfthe cont+iaui aydpodibmto tolbsEr ved i increwatserdop
confidence i n éedemdar aatcihn g €xcé eair sad | | ed ocsact® maf nesr noaf |
boundaries were documented for ermwainmaedmdntl dl
| ocati @roghmaerir otsi @anal ssuvRtageapdihe MmajcrE bt ye o f
i nvestw@rae | mawiet diwromtrkc tat | eneestte rs0 away -ffascem t he

to adhere to mine safety standards.

2. Results and Anal ysis

Borehole data anaewetidrieme do f 0er vaa tcioonrpy eh en
of thebehannel M2 and M2 .T5hei n HSh ey eanreeraa | dfy idntsep
bedding planes with gkHAIltyowa resporeudt Vtke! pasi trecthwaenen
thalBvwerg.scroll patterns and channel evolution
surfaces dip perpendicularly to th® pength of
directions often diverge in planform,t erreaplr ese
accretion directi onnWhewr ipmreseharerde!| d kg eleetpmem.t
opoi ntof idaencsr ease amd ddiapmtageme n t d nc opn vaenrf goer m

These characteri-poibmtte pepirtes emnb eamanha aweep obsa nt ks
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(Tayl or et al ., 1971, Page and Nanson, 1982,;
inhi bitedtaerdmdowans!| ati on of trmoebipormaatthidaonr b
(Smith et al ., 20ABanGohadms alceleatrl dacst.e, r i 2z0eld6 )b.y

mudstromdr sedi ment sl ytihnag odrih sbpoinbahybeodr miilnagt di ps.

2. F.alc.ies Analysis

Seven |ithofacies (FO to F6) are identifie
grain siz€iaedspgeaehess than 44 Om alregsher ei
and core photograph observatitonmns. wdhe uvesdl|ltas
consistent with previbelts Oaposststudi ¢ & eoMcdMo
for further information we rtefielrl to2@b0@&;seCif ar:
Arnott, 2007; Hursnerl ettt all.,, 2012;; Tang et al
of nt erlpirtentodfédaciieess ,asi$oair &t us e sl etaoc hc(hwaBrEaAcSt; e r i z e

Table 1).
Faci es AsisSamidasdtoomren dt ed upward fining | HS
Description

Facies alfdoaqA atdiaddn e 1) Inesdidioani cigaa aesde ebdy
sandstone ( F1)bewidtihngt,r ovuagrdil agbsltoes @dmusd srticbruet i ons |
|l ocalal and wood debris near theabaseSxlmamedgl
mt hi ck o.n Quwtearagpee and core of the tlroomegh I rtcess
bedded s arhd sathhognleed dpil tagnleadt ar e represemndti-od by p
meter rlestpweads®eB0 There is an upwdrodgitarcaresii ti ol

sandstone (F2) -avomihnastoend IsHiBrdts&E@nelas dopfaapmopor
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TablleFa2c.i es and facies associations
Facies Association Occurrence
Facies | Lithology Sedimentology Interpretation
FAl FA2 FA3 FA4 FAS
Trough cross-bedded, fine- to
medium-grained sandstone Moderate to high energy
Mudstone A A
matrix. Angular to sub-rounded, occurring in lower bar
clast :
S moderately well sorted mudstone from cutbank mud erosion
FO | a | breccia; 10 : : Common Common Rare Rare Common
- 3506 clasts from < sand- to pebble- or as intermittent upper
cliists sized. Clasts sometimes line bar IHS clast rip up and
trough cross bedding planes. redeposition.
Absent bioturbation.
Trough c.ross-bedded, fine- t(.) Moderate to very high
coarse-grained sandstone matrix. eV
Mudstone energy occurring in lower
Angular to sub-rounded, poorly
cas sorted mudstone clasts from < bartrom citbant mud
FO | b | breccia; 35 3 erosion and redeposition Moderate Moderate Rare Rare Common
sand- to cobble-sized. Clasts have A E
- 65% : 5 or as intermittent upper
graded bedding and line trough z
clasts 7 bar IHS clast rip up and
cross bedding planes. Absent Cadenodition
bioturbation. P y
Trough cross-bedded, fine- to
very coarse-grained sandstone High to very high energy
Mudstone matrix. Angular to sub-rounded, occurring in lower bar
clast very pootly sorted mudstone from cutbank mud erosion
FO | ¢ | breccia; 65 clasts from < sand- to boulder- and redeposition or as Rare Rare Rare Rare Common
- 90% sized. Clasts have graded bedding | intermittent upper bar IHS
clasts and line trough cross bedding bedding breakup and clast
planes and scour surfaces. Absent rip up and redeposition.
bioturbation.
Trough cross-bedded, medium- to Moderate to very high
very coarse-grained sandstone. energy channel bottom
F1 Sandstone Rare mudstone layers, laminae and lower bar dunes. Common Moderate Moderate Rare Common
and clasts. Local coal and woody Some intermittent upper
debris. Uncommon bioturbation. bar scour and fill.
Moderate energy channel
Trough cross-bedded, very fine- bottom and lower bar,
F2 Sandstone Lonme gralned szmdst(.me. e downstream.mlgra.tmg Common Common Moderate Moderate Moderate
mudstone layers, laminae and dunes. Some intermittent
clasts. Uncommon bioturbation. upper bar dune
deposition.
Trough cross bedded to rippled,
fine- to medium-grained Bt
sandstone beds w/ dm- to m-scale Sydlic hl.gh tolew ey
Sandstone < 3 fluctuations resulting in
i bed thickness. Laminated to Tataralls nocretin
F3 massive mudstone, < 1 cm - cm's g Y S Moderate Common Common Moderate Common
mudstone 5 A 5 interbeds. Common on
interbeds thick, Sandstons is dominant. lower to middle bar. Rare
Inclined beds 5 - 15°. Moderate to B :
absent Planolites and PP :
Cylindrichnus burrowing.
Trough cross bedded to rippled,
fine- to medium-grained
sandstone beds w/ cm- to dm- Cyclic medium to low
Sandstone- scale bed thickness. Laminated to energy fluctuations,
F4 mudstone massive mudstone, < 1 cm - cm's laterally accreting Rare Common Common Common Common
interbeds thick. Sandstone sub-ecqual to interbeds. Common
mudstone. Inclined beds 5 - 15°. throughout bar interval.
Common to absent Planolites and
Cylindrichnus burrowing.
Rippled, very fine- to fine-grained 4 e
sandstone beds w/ cm-scale bed leCllC medl;mtt]tj) \;ery
Mudstone thickness. Laminated to massive 1::;3;;% cr::t?nga R
< - dm's thi
F5 ol mudstone,' 1 o s ﬂu?k' interbeds. Common on Rare Moderate Common Common Moderate
sandstone Mudstone is dominant. Inclined St Paodorate
interbeds beds 5 - 15°. Abundant to uppe * T
middle bar, rare on lower
uncommon Planolites and :
: bar intervals.
Cylindrichnus burrowing.
Laminated to massive with some Low to absent energy,
wavy-bedded mudstone. vertical aggradation. Rare
Carbonaceous mudstone intervals periods of elevated
present (dark grey). Some energy. Intense
F6 Mudgone sandstone/ siltstone interbeds. bioturbation in shallow s bae e Sommon Hhae
Abundant to uncommon stagnant conditions,
Flanolites, Cylindrichnus and absent bioturbation in
Gyrolithes butrowing. deep water.
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sandstone a&anE@BFMudwi bhelbe ganidi-gpalt @mdclhthS act er .
deposits (F3, F4)mabevef ttdar Ibacsaet e®od MR and M2
M3 trunmnd&st ocabpyt rluonwceart eidn btyh e ainrdtsauravsatl o ne c | a
breccioa (H®) beddi ng wirtihe nlEeadddsiiormq ap| asmue fraces a
shallowly dipping (< 15U) or | ogpaltregtéedrhsa pied a

l engt h.
Il nterpretation

The domi namnceaionfedc dairFsBe) haoeés abBérxr ead @ motns

hi gh daeporgeyltasti ve t o t he .otHiegrh faancgilees baesdsdoicniga t
trougihedrdesls sandstone indicalhettfomeRreatksikseo fe tmi
al . ,; 2HAlg7rst roml at emprwad s@d®er s from the base o
cont asianmddnngi n ati end idedfBoes i t imo-dl oo nyppepierit hlbbaect uati ng
anldower energy, shall ower waterBrdiepdd,s T RI @)X i v
Rhyt hmic sandstone and mudstone interbeds wit
stable periods of energy flux, perhaps repres
episodic periods of deposi ti okni aanmndd eDrad 6r)yomp | (eB
| HS beddieoegi pham@gess peri odshaaf esiogedpaai ctaort |
bar erosion; a process that often involves mi
reorientation during flooding events and modi
of ptohterathre p o(sDutrski n et al ., 2015; Martinius et

accompanied mudstone cl| awdrsklidHiSp opno itbeatep rseaitr & da cte
or erosliet@dnemthd material in the cutbank (Leopol d

2011; ChenCetalaland 2022)y. debr ibki qahrer odrnlerng iaesss
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and represent the inundation and(E@hesien alf. c
2022he over aidlomsamdseooneéserved in both well d
rel abhigbl gnergy depositi onn tthhaet uipss tcroenanmo nployi not

near the meander bend apex (Labrecque et al .,
Faci es Asivaudisadamenn &t ed upward fining | HS
Description

Faci es A3(sFoicgBiatZiaoBnl e 1) c eotnp rfi isaeiesn evde rtyr of ui gnhe
crebsesdded sandst olneSH3FR2Udemi t s tso meFO0Oaal FD®) i n
metef st he M2 ndred hiddn.s§53co aagfs @i ne d (sFadnpdds tnmoundest o n e
clast bmagciba HodFreilszeonntt.al t o shall owly dipping
boundaries in F1 and F2 ar eFARorcaanisliptwiabion € d wi t
equal proportions of FHFMudos trounde traonnde tseadi AHsSSH ® n(eF 3 )
deposits contain | ocal erosional boundaries w
beddionrgiteadl iHBn . packages are wgiritGmea ®li-petenti nuo
character i,s csamprliasri tg UMdr gani zed trends i n

i ncirmgvser al | organi zati on i nr ibcehd dli hg 3ida5i)cesnit tast |
|l nterpretation

Faci es ascorctiaitn 0 ne l2e v atoend anvuedr satgben @ ec b ot EAL
i ndi @aatdiepg@si ti onal setting wWpwharildd dHiSnadwsgmralel
poitbmatr depolsattEaaanlc aedi on T Akddsnt,oned 6l589d mi nae wi
trougibhedrdess g andls ¢Fddlien g p | arneep rbeosuenndta rdauerde b ot t

| ower nfuodrsefsoests er vati on(Fenedasanan tlrBieudgzki sunc,k ,2 022002
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Dune tr ougde pnoashpett © @ ectsai uasl dldyolbvwy separ ati on acr os s
causing subseqguenan dnupdrsetsoenaely adtespoonsedsitimre ncttreodu g h
(Becker et al ., 2013 HSF &rrdadrsi negntdaetDiuark i rne p r2e0s2e0r
geomewoy ki @ag during elevated enEAZyi ®viemtt sr g H
to represephbibdadrwndsetproesaint § rloonc a he d b fa wm mvifh e d e x
flow energyddeesedasassin el-gvaitsedld nE@ggusioonet

al ., 2003; Labrecque et al ., 2011,; Hagstrom e
Faci es Asisvudisadamenn a3t ed | HS
Description

Facies assocC atTiadn e3 1() Ficgdnpii ketse dnuldé3 o(nFe5
| espsreorporti ons iacth g anesbnadnieke( FAL1 Rad FA2, dep:
not typically fine upwardsichnsheadghoeaposihts
interval, cometréessngf upet bi @8I ITyhiiamotrefrivna@ osus |
m) of sandstone deposits (F1, MEA¥tane prepent
above 90% ( F6pr eag &Bts oil@ p & me s hcaormamoosnid ayl (i<s vi 5 U)
and organized throogbofu tid Isew a@ the s odniep tamirgd es ( >
adjacent aondFARewdl fferentiated from them by

bedding dipcdnviecgpeloasf ¢ hmt
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|l nterpretation

Thmudstfomrds haanldl o wliynbiendcdliinnged n FA3 is indic.
accretion in | eswmeharny okEAdretpiosnd s i n FALl an
these deposits do not fine upwards, represent
fluctuations for MGIsitnagssia.lPdtao&lo.n me2ciphdSd r v a |
beddi ng dip ddaovercsttiroenasm i lmald ptate&ree@tvamncgawnwe b ank
deposition (Page and Nanson, 1982)potibmedrt i s co
depo(s@Ghtisnassi and Il elpi, 2015; Durkin et al .,
energy is deflected downstreanmsdfs ttaina breande ra m
cutbank (Page  ;amwhi Nassphheitsl @a8y2d, r 02doylnéa mi ¢ ¢ h an ¢

fleswparati on an-@d doyr ocduwrcreesn trse vtelraste ar e direct e

1971; Ghinassi et al ., 2016)gwdiemed thep adsictriear
the outer concave channel bank i mmediately do
Faci es AsisMudisatoineen wd t h sandstone interbeds

Description

Facies assoch;atTiadod e4 1() Ficgmp&h sierst aruldesd dence
( F4, Ff5l)a twilttelavnvgeleeg d(i<n gohUa)t i s not al ways consi s
Mudstone content may be above 90% (F6)- in som
rich bi&eg (hht sharply-rtircan dietpidden € sto@brew@gotsam
preserves a concave up cbhasdee pdoesliitnse aftrionnmg cnouadrsste
pl anviiess ¢6Aden | ocdhaaverddiam | afc elnHS ainmd FAlan#&#&A2 a

occur in a-flormeahnhachapmAtl anldHI Adhecpaosse st s .
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|l nterpretation

The relativel yothwdsdomd abdt eeddeiphgsdi t s (F5,
i ndivceatte cal i @augreadcatnitgn channedn diqMiit alms$;,d elpDo& i t
Willis anduTbabnagr,d 2edbGaden eet018gnds20hbh2)interbe
intermpmuktsesatof energy, perhap@EWidlulriisigamsae aBama,l
The precseomceoapessméepe i n mudstone bedding | i kel
chanAmedmnt,aiaamred suggests that no further chann
upstreanoftfWowl cstand Tang, Z0&86p Thbamactet i i |
consistent -whahnabaodondedi ons (Toonen et al .,

Chanbahdammemnmtr s when theoméandeakhdengell i s cut

contaunserde of the active channel andofbfel ow t
can occur-0by, nedafkft eaurc uahannel avul sion -(All en,
of f ab-ahdaoaned fill s-damé nafttensmmidstaone o FA4 d
1965b; Bellizia et al., 2021).

Faci es Asiddnwirgtainarzeed heterolithic stratificat

Description

Facies association 5 (Fig. 2.5; Table 1) c
each of the prewi olUlselfl@sc @ mpacsosa@asiad tnisdtlm s an d
(F1) commonly disseminated with mudstbne cl as
FOc) ovéEhéying middle and upper intervals cont
mudstone and mudstone cl ast br eetcd ac-gmnatiseerebde d s

(F1, F2) with mudstoeaenbayens aAeddiami phanki b
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mudstbendses r ammges ftraomd mOrsentch i mle damdwaplyanar or
bedf orms that ar e IMutdertalnley cdiasdo rotriercwcaws i s ¢
sandgticame bedsets. shutdist loese |lzddédd othgy adree and anglL
angulnarccore mudstone clasts appear to be rando
outcrop exposures showumgibcesltdo mg .dsloa atcs ulriersi n g
horizontally bedded mudstbaepubaterdmbémutdhti ok
Il n welgl t he gammaregmiodawle,-f upoaveapg wearod  r sweintihn g
nN@eonsitgteeant t mmau dg-hetulebiglst en di s polraiye nrtaendd odml py
direction .an$oime cweslhlaogritainsnptl eargw gylasn i (z<e d5 am)d @fh 8
di ok apparenbult fh@itlpedddregdismialraer bet wABnamdj a

grouped together in a localized portion of th
|l nterpretation

The presangsreaionfedc, sannudlst ome bedgglengasi vecat
mudstone cl astandti tragleregboat giFABondi tions. The
mudst onei metdde nwgpweul d nitredivadtse regul ar energy
|l ater al and vemuidsarlo fcdhics een taindu idtoyngdbfedade g f
Strucnhnaiselade wanteerdgygiimest he mi ddl e to uppser port.
we.l |Al't hough borehole interpretations would st
mudsfroméer | HS, outcrop obgesasvaeal thhorrsi zsohnatva | tl hya to r
mudst one cl| asltisneadn df omuedssettosn eand-bleddtedmsamns sit o
may have been mistaken fldSal o wsdr laanhdeéB B Sl eudc t ouna t
outcrop eval uat i okledckaAtbe dl erpenasri ttshearteend apex cC

energy is elevated. A more detailed analysis
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Figublkaies associati od ob5. o(fA)f aQ@u iedsm @apsysaomcd z aava |

heterolithic stratification and mudstone <cl as
mar ki ngs. Outcrop location is did4dmlgayesd nion Fi
equivalent to outcrop scale. Outcrop base and
l ocation is marked in Figgries2b8kRehonteé&mgar eo

| ocati-bog Wehtks, febomvheéef ontonr mghemstabove
on a sehall; oFgaPman ailsdalAClgf 10t hofacies di st
Table 1 |ithofacies. The white rectangle repr
Traced beiddg ngajschrowmand mi nor depositional pl ar
pecul i arhatpreadugoheddi ng consiestently | ined with

2. Ch2a.n-beRéconstructi on

The fosteowioagfaemkeisnassociation distributd.i
mi gration direavtiitdn miamptsetragpudeltocuttacopagan$ or mct i on
t he pal eoendid gorinteentt mendspati ot evopdrtdTshe vald ea i
of i nterestniiaec Miitva dteur Abjatsoé @ memt sSas€i es associ

di stributions, ma@maf drhm deipgorsaltdindengladt epnrdosc e s s
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AEILX Table 2). 2ThEi gl e @reuprids nit(nAdddu, deAEFl V, ,AEVI , A

t hrcoeal ypptoa m t( Alced s A BWtdweoB Y Inldiomaerdn d IAEfi il I, s AEI X) .

Point Bar s

AEIl , AEI VAEABVII amodhftianinng pwldd ddeposits (FA.
di vet gilibedding dip di(dabieng. Pml Elodr fo@w BA)
measurements are often pekeapéndioagl ar omoFAHSt d
occur sd edpoovendti,podal based on pal eofThe depoiatt ©r
transition downstream to FA3,-dapdjdnir@nABl and
dowdni p of AI'V and AVI occur outside ofspeketawve
In pl apmdiomrtenomdaras n scr ol | -cphaa nreeln St lowintedfxotrtaw a rt dhse

features describe baawrgddimhamctgleat ngnpoint b

Co unbBoea Batr s

AEI 1l , AEV, ancud&dodimé oamt ail MSwdeposonhse(HFA:
bedding dip directi osns 2.n62n 6 BPrafl erorh lgdave bidrfed i€dmaz
perpendicular to | HS di pridihr e@conttiearnvsa,l sb utn |FaAck
and FA2 makes paleofl ow datafThsedhfsacoahitt ¢éot umal
el emaems¢thaped oaggeadbeodi es that form i mmedi ately
Thyda r ansi tdiopn idnotwonhueghAi4dp adigproa mnttisont owar ds and/ o

the edge obendedepaspgtanform these deposits ¢

t owacrhdasn n e | concavity, providing evidence of d
et al ., 20009; Ghi nassi amdiel glopit,he201FA3CGH Iiemd
pl anform | ocations and geometri esd etalwel sley aarccchr
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coutptoemt lWawanswirteleom torfa(@ éhlel8tbhiaGhi nassi and | el

Ghinassi .et al ., 2016)
AbandGhadnel Fills
AEI I 1 and AEI X-doam tnainnt rmd dasotwd men g geefo bFeAddd r n g

(Table 2. Baskidegbbza®Apns t hes e fanmdhointgeactteudr aaln d

nsi 45t0e2n0tOtlwmd ec h-hanml gewmen rm&Epgpgd ur parall el
rol l,dpaditpraarsd hidfRAEAANd oFABoBEAMEr phol ogy

d I'ithol ogyariveedit ¢ & taé¢ lagbhaantgiopimieediy @ h aft i Iplas t i al |
casdampodeposits (Toonen et al ., 2012)
chitectsr al El ement

Architectur al El ement | : Point Bar 1

AEIl ni S0®8 x 800 ndlegpoestiad imn dwlkeesteowmt Ppor ti on
eanb€fFe 9gA) ABEL 6t ransitions to AEIIl and AEII I
spedtiipme enieeyasur ement s i ndi cat-reorftl lowe svta st @ rn amne
rt,hevamiotrht h wesdr édtairon amar | mitAemnresdlriepagsi at c

di aletmergpps ur d menhg migration indicates that t
creasing in dpweafaituireg (Frngnd®.&Bg .observed |

d dbovwdhapn d dowhisniregmtrengsaaédpdeavutdsenodopi Fi ¢

. 62A,8A,) Thea8Bkral fining ¢eman stshreda hheysdnr cordtyhneaansi tc

sponse to incr eAdded Wihndrrse,|H asg SnBurooshm teyts (& lh e,
| eochannel migrates fuirtdemadsviagn & mavarr tdesmtt e
enduaando Mmeht Dyt %8 h; et al ., 2015)
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Tabl2Ar2c.hi

tectur al

el

ement s.

Sub-environment Point bar Counter point bar Abandoned channel fill
Architectural AEl, AEIV, AEVIII AEIl, AEV, AEVII AEIll, AEIX
Element AEVI
Depositional Lateral accretion Lateral accretion Vertical aggradation
process
Migration trend Lateral migration Downstreantranslation No migration
Facies FA1, FA2 FA1, FA3 FA4
Associations FA2,
FA5*

Bedding
character

Diverging IHS bedding
dip directions

Converging IHS bedding
dip directions

Flat to very low angle
bedding

Grain-size trends

Upwardfining, down
dip fining, downstream
fining

Fine-grained deposits
throughout; may contain
sandstone base

Fine-grained deposits
throughout; may contain
sandstone base

Architectural -FbemenBatll Counter

AEIl I i s acno uerptoatmpta t eblpaots ittr e ndsu tntog & hitw,e s t

Ssubparart esi tmat obbhedaoyt heast, and adj acent

2 ABAEIl gradually transi tPiadreoftl @ wAHmlelals utr@ meme

flow towaedbtt h@edamdritthS b e ddn onrgt ,swegsgte skt asr naocr ¢

Due to the planform concavity of scrmadilntpatt e

bar i1is transl ati ngo ehtolwn sft\Mweegaen a nodvaN adnss arh,e 19 8 Z
al . ,. 2DA&)i nfl ection of sABMNKE|I pa( FegdaeaLabBat |
a change in depgdosemiao-bat et @-jpe gbtatrn tdeerposi t s

(Sylvester et al ., 2021)

Architectur al E l-Ghmeemnte Il 1Ri:l IAbandoned
AEIlilsl an abladmomeld dfeisl ladijhaactent t o AEIl and Al
eattwest el on g adtoendn gneuodbgfotloymye. 21.t6 A)s truncated by

t o ntohret h and &£V atncithwoebBdeg siob audpy tinme t2e4dr s t hi ck

(Fi gs:Bo62CdaC;,DoB 2h.o8nme)wema,ndse rbdaysianlg sandsutponeo pack
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M2

Phase 1

Phase 1 |

FA1: Sandy Fining Up THS ~" Erosional Boundary Q SMMOPP «5 Outcrop Photograph
FA2: Muddy Fining Up THS +°"" Uninterpreted Area 100-meter spacing ~ Exposed Side

FA3: Muddy THS —77 Paleoflow and IHS bed dip direction

FA4: Muddy Interbeds [V Architectural Elements

FAS5: Anomalous THS & Clasts . __, Cross Sections
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FigueMaRg.analysi snokerekée. aMap el ours displ a
accordi Agpgt anwlelolutcrop data. (A) Map that di
sandgticame foresets for paleofl ow measur ements
pl anes fordbaecimi gn anid a&& uregpmeerstesn.t larchi tectu
M2.5 are separated by the erosional boundary

y
S

r

di splays the interpretendetsecrr odat apaitnt e(@A)3. dRehra s
are equivalent to M2 and M2.5, respectively,
di agonally transecting the map. Outcrop | ocat
shown in Figuiubeabe dusplapedpi 6 FegdiepRa@epdo
2.11; outcrop 7 is displayed in Figure 2.12,;
di splayed in Figure 2.16; NECOP -Aé, dB-&Bd.,ay&d
andD® are di spl acyreods si nsERi;Fgodrace8 o2E&t ;e di spl ayed
2. 9.

lnet er @ rgerhd spekmotv iad idm ¢gcioont &fxal eecoachannel mor phol o
befor e abkinmeotnaenteenptf.l ow measur ememebvl i ®WObas Bl s
(Figsuggeépbph aver ageCo nevaesnshed iy 6f I( Fwhgpaows2 . 7) s

pal eofl owotro stolue heesd hverging flow directions
l ocations of the somndrhtghdownwsit & tetad@gim)melainmde,r adre

befouwtd(fFi gs. 2B®0OpD) 2. 7, B

Well -BOoi 6FBg. | edneetahndenrd odpdaxre AEI point
befabandonmenbend apekannel +Hmaand@etohei . d982poi
Dietrich and Whiting, 108B8) cd aabohéet egne ntehrea tdi eoenp
max i mum feorracseisweg t h ewhoeunt efrl olbwa neknoerrcgeyd t hr ough a
c hanMiellne Dilex8&2 ;ch andWiWhliitsi nagn, & dTi%agntS,Wi 22001190); .
Ssubseqwdirtt hceu tadbhaanrdrmoerhie dapkrlldisier ved wmpwamr ds odf 20
mudsidome sadt mehkEi eB&, 7we,Blug gatghtalt) t he M2

pal eochampndlo, @@t @aeemome | ocations
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Fi guTrT@r @ss s-AdtBoB-66C ADdd [Eacslkcdions | ocati on i
Figures 2.2 and 2.6B. Croslsasecdfi oM2 d@@ umsi mar ¢
l ogs)l.ogvettdacks, from |l eft to righimetareoal av s
scal e5mA; Ogayman ai lsddalAClgf |0 thofacies distri
|l it hofaci es .| alclkl ulsitnreast erde pobroelsde nbt strati graphic
M3 . Pick 1 and pick 2 represent possible base
| ocations are illustrated on cross setheons b
cross section and the expos-ad minesfaeprebent
| ocati ons -colfa mrbealn dfoidledds .1 € alcdabevielldd by facies
architectur al elogment above the wel/l

Evi dence eoff fa anveudksicount i n AEI I |l ich)anmel aba
increasing sinuosity of scroll patterns and f

t owaarbdasn d gemgent Durlkbi2nt heet o mi mmihteg Omfher phetaad

south | imbs «chanheldsaehdli oomre dbas ali np &lEdadnfld o3n) di
the thick (>da&mi mgn tmufdisitlo n(eF 5-d o M6 naabt aenddAcEn d d . \
channel fill s a+o ésftcyolmemoanv uilns i noencsk maghlieen otfh ecroen ni es

with the acti ve agphlaingn ebla,r pdreopnoostiitnigopn at t he en
meande(fTdommen et al ., 2Al2hoBglhl e cmdeptiledale. , 2
geométre., eohhipw)hakeombderevenddtt hsasint erpreted
subseqluemnel( ie.reo.p,r oM2erséspd salcee dnor t heastA&rd Iport i

abandomerdnel fill (Fig. 2.6A).

Architectur al El ement | V: Poi nt Bar 2

AEI Va ipsoilnotc abtaerd al ong the west and northwe
(FidA) ,2b®rdered by ,AEIV tsw witset dn crotnh ¢ asutes out s
area of intABe/stcotmprtikcesdpathdod HEwWdi p ori ent a
describe a | owflcawiviag ummr gneeatnslite g™ nddorwtnhs t r e a m

fining component is evidentsifze n rseorudsh alos enrowe
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Based |lan htohHeogy and cdcerdtdii mwi toy i beentt Balcdonn ptahcet A E |
i's i nttehrmfin &/t eldd vasulb s @equenetantderftflitertn dni nati on of

AEl deposition.

Architectural -EdtiemenBanN: 2Counter

AEV | ss autttohoirmohr t leWw ® $1tg ® U epdoebrmatr dtelpats i t
transitions weshohaB®laAlHKI AFEIgN)d2&a&8t i no AEV comp
mudsidome nadnitQ oiegd. wi2d BpE)or i entiartg oinrs tmlowaany felasrgm
t he (weisgt. 2. 6Mog driisgc.er2narbhl.e contact is observe
AEl (FA2) and AEI Vho(vwiefo3e g , R i-AgE ATl BES 1t t i c al
transition from FA3BBO Fwdl canDhhendiwedsed Bm
Fi g7)E&2c h of these werlilcsh cboanstaa i nd espaonsdi sttso nwei t h e
indicators, wi#ld,t el édgxvee2padiacknd yo saBRygkedt s
pal e oNell dvwb avsialh de pionsg tesgpsatihvelapredd & vkdesdpyo siut € d g
AEbef or e cudfafcc@d nabvder dgpogiti andoBEKEQI I
demarcating a significant adjustment in chann

depasits

Archi teelcagnuermatl VI : Point Bar 3
AEVI i's a -smapbéecbmwe g otsh-eaenwedah edge of t
area of interest, and tr aAfA)sPiatlieconfd otwo aMmEV IIIHS ob

wed bg data suggesthhorhaeaBAE¥Irni snmigrmaodinlgp point
(Fi g. &t & Apegraddsiet he northern portion of the pc¢

study, however, some evidence of downstream f|
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[Outcrop 5 Jie8

-_----==""" Accretion surface

P T e 1/ . 5

_— Architectural element boundary

Figu8@ut®2crops in phase 1 (i.e., M2-yi ewach out
figures 2.3 and 2.6B, and in cross sections,

scales are der imeardk ifrgsm s(hAd)v eAn toeuettchr op of FAL1
outcrop of FA2 -bbdetaddi mi ABl e( ofgbutcrop) tr
|l ocated insAHEel bf( batcrepd). (C) An outcrop of
of FmAZ%4tled in AEI'l1T . (E) An outcrop of FA2 and
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