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ABSTRACT

TESTI NG THE USE OF ANI SOTROPY
SUSCEPTIBILITY (AMS) | N DETERMI
OFPALEOPROTEROZOI C DI AMI CT I

by
Mi | es A. Har bury

The Universi-Myl wduBBsecoRB8i n
Under t he 3updrelasusltiresnBowll sedbedand J

The Huronian Supergroup (2241 Ga) in Ontario, Canadawidely accepted as an important
stratigraphic interval for interpreting Paleoproterozoic climate. This is because it contains some
of the oldest glaciogenic rocks on the planet. However, massive and-ptratifred

diamictites in the Gowganda Formatiof the Huronian Supergroup have varying depositional
interpretations among sedimentologists (subglacial, rainout, sediment gravity flow etc.).
Diamictites can occur from a variety of processes and, therefore, proper depositional
interpretation is esseatifor unraveling detailed environmental conditions at the time of

deposition.

Anisotropyof magnetic susceptibility (AMS) looks at the orientation of magnetic particles
within a rock and coupled with sedimentary investigation, can help interpretitompads
processes. Rock magnetic data show that magnetism is carmedtbyortex
(titano)magnetitan fine-grained facies and includes the addition of a higb@ercivity

contribution (potentially diagenetic goethite) in somedsémne facies. Most magnetic fabrics

O
NI T
TE

o hi



are oblate in shape and oriented transverfiewp although vertical fabrics were found in sites

that exhibited substantial deformation or dewatering. Results and observations from this project
suggest that Gowgandadimentation was dominated by sediment gravity flows, deposited on

a marine postlacial slope with a southwestern transport directinterpretation of

depositional processes through a combination of AMS and sedimentologic observation provide
a more omprehensive understanding of the environmental conditions controlling deposition,

and in this case, painting a more elaborate picture of Paleoproterozoic tfanattons.

In contrast with subglaciallgerived diamictites, which are deposited directly under glacial ice,
those produced by sediment gravity flows suggest a more glacially distal-tglacial

environment. The presence of bedded diamictites, water escape structures, quarter structures
arownd clasts, a general lack of shear horizons and striated/facetedhslasth asan abundance

of flow-transversnagnetic fabricebserved in most Gowganda facies suggest this more distal
environmentHowever, subglacial deformation and deposition cannot be entirely ruled out for
one oriented and striated boulder bed horp@mdudng flow-aligned magnetic fabrg; both

characteristics of subglaciptocesses
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|l ntroducti on

Huronian Gl aciati on

The HuroniarSupergroup, deposited on the southern margin of the Superior dpatow, (1t J

north of the equator and2.4-2.1 Ga) is a cyclic succession (~12,000 m thafldiamictite

facies followed by coarsening upward packagdaminated siltstone and sandston@yy.

Young, 1991; Fig. 1)Three diamictitdbearing units are widely acknowledged as glacially
derived, beginning with thRamseyLake Formation of the Hough Lake Group, the Bruce
Formation of the Quark Lake Grougmd the Gowgandaormation of the Cobalt Group (The
focus of this projectigure 1). One early interpretation of the Huronian diamictites states that
glaciogenic deposition occurred as basin level was shallow, followed by rapid downwarp as a
result of weight applied to éhbasin by advancing glacial ice, subsiding to the point where fine
grained sediments were deposited. This was followed by a reactionary uplift (glacial rebound)
after ice retreated and another then another similar fycdeey and Roscoe, 1970§oung

(1991) and Casshyap (1969) both suggested that glaciation is key to the stratigraphic cyclicity
of diamictite facies during the Huronian succession and that these sediments are evidence of

glacial advance and retreat.

The Gowganda For mati on

The Gowgandias Flaiternastti gmh aci al Scpyerd garnadunp epeebBeno
the beginning of gtlhaec ieantdi oonf anhde aHutrroannisaint i on
periodtcitops in Ontario @€aemadahenboowhsobf L&kE
Mi nes, Whitefi qfhi gruarlel 82 kandco€bbaftthe Huroni a

1



Gowganda incpodeky massieeé,di amictite followed

(Fi gur ehdwever the presentambf atne d dadcerebesi a mi ct i
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Figure 1: Stratigraphy of the
HuronianSupergroup
highlighting theGowganda
FM (Young 1991).
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Figure 2: Gowganda outcrop locations throughout Ontario (left) and inviestigatcrops north of Elliot Lake
(right).



uni que to the Gowganda. I nterpretations of G
among geomaegafsotrsgs mlci al (Ldienrd sveayt,i oln9 6 9 ; Mustard
Donal dspvenzR®BBDOnd soimegnarfgaw or ofmadeposition b
transport/ sedihMieanlt] ;J9R¥HE & sye fHyypust {eses suggest
aposlsdibf tercdm mati cpseimngyand hgelradioale,i dei s
contsruabsgtl aci al |y (erpiowe daadli eanjidielr iptrioadsuec ed by
madg anspedit ment gdeaposiyt d dgdaascacger If r-g maon a l

set )i mMesilpateweenrg t hewslkéeipghhtces e®sntfandi ng o

Pal eoprgtacpaeihdmat ¢ he end of the Hur.onian AS

Diamictite forming processes

Diamiftoibmesa vari eteyachf rperpoceesssesndgs ng di fferent
anmgr oximity :ttnegl afci fail né < ef r ovimichoea rt sned sdeerb rpil su me
released from floatirmgsipoet Sesdimderst asy umpsy ,
(debricordrdemitsrrat ed uddnas tlegshaewiekhg @t gt e 3

EylLedg88rmmEvadelOoVesely, 2020);. Alstbheolulg hetdiaslt.i,n
bet ween -Hoamiocgi prpocesses can prove extremely
characteristics (micro and macro scale) can a

Menzi e)k, 2022
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Figure 3: Main diamictitéorming processefEyles 1987).

Il n the absence of (or to supplement) visual e
sedi mentary structures, it isgmhailmpddl| mdtor iixx oat
obsear weaanp |l & mi cro scal e. Maigmesatradt seo f d re no tf froeurn dm

gl aciogenic sedi ments where the hosttcamock was
move independently due to various geomorphic
thereof, of thesaegnmagrmcetfiachrpar)t icchiee sseé(ad b se¢ i ¢ @
alignment of ffaang nseottirco ppya rotfi cnaedd5e t iam ds wseap taisb
proxy for rock fabric to betuaeesmsl iiediahntrirpg et
deposaintdi arhe dedemenoa((Eyfltersanad@Pdr7itt Hooyer et

1997

Raiomt-fa€eing

Rafted debris is a major caocapromnweinde oif nfgd ramma tmiac
extent oofcegslsaecsi adndprt he characteristics of gl a
actively incorporated onto ice via glacial er
frozen into i ce viTah etshee sleidtithmbanrsit se dovtveh m @ gnle nlh e |
sea ice resulting in theobtberGituboepr)td,f 1i9c9%0 r a

Outsized cl as-bat tfhlamanbj@wvegp o)aedede bendi ng, pe



rucki ng, aunndd erral pyd uangeyn bld sy eve dhle & € nldaipn,g,anodn r upt
oprocexsadingent @i gulfapédans and Xonhradrdice mt®aBtS5i on
a dsobpne@asilsomgy be vertical i n sedi ments sof
enough to preserve the clastodés orientation as
are either very sotltastsexkéendmebyfabmpanotehdei
i mportant to note that the presence of rafted
evenpust abs ednflter afted debris i @anogltaciudlst anti al
enviroGmeretr)t§eal 9a9n0d | ake i celLicaint 20r@&2mbrl aafyt ep a |

al . )2015

A BOTTOM CONTACT B tor contacT

— 1 ——~——— BENDING
1 ==\~ BENDING
Figure 4: Contacts
between dropstones iﬁ 2 —~——— ON-LAP
and sedimentary 2 ——=—~— _PENETRATION 3?

layersT homas an
Connel)l . 198

-
3 MO: RUCKING 3 :"O__‘\‘: RUPTURE

4 V—“:\Q:m RUPTURE

Sedi menttarrayn VMasrst

Sedimentary massansport events can be split into two types: slides and slumps. Slides often
leave internal structures within a block undisturbed as they move down a slope but may
exhibit compressional or tensional deformation. Slumps show more extéarisivel

deformation within transported blocks that on large scales may look similar to glaciotectonics.

Consideration of paleoslope/paleotopography and surrounding facies is required for accurate

5



interpretation. If transport occurs over ledgtance andufficient water is added to the
matrix, slumps and slides can disaggregate, generating debris flows and turBtitesngd

Evans,201Q Rodrigues et al., 2020; Isbell et al., 2021

Sedi ment gravity fl ows

Sedi ment gravhRitguddeosvetrgdivsi@ms fl ows of sedi ment
i nvol vigrgaigm aéafnhdu igdr aii nati egruaHoatt idmdiRajagdpal  4;9 9

|l verson, 1997, Mul der and Al exander, B50.01; Tal
Initially, gravity acts on solid particles in the mixture, inducing downslope flow, gravity pulling

the grains and the grains pulling the water. If sufficgatential energy is converted into kinetic

energy, transport is induced and will continue if the shear stress generated by the downslope

gravity component exceeds frictional resistance to flow and if the grains are inhibited from

settling by one of sevdraupport mechanisms (turbulence, buoyancy, grain interaction, poor
pressure, or matrix strength;i c ker i ng a6.dhdi pcesenc20dbr absenc
affects cohesion of SI&Mso sacnihdia opal aatyesr dayride jdoer h a voi
198BFIl ows with high mud c ol teasatb mave ifethe slownskwpec o h e s |
component of gravity is not sufficient to generate the required shear stress along the basal surface

of the flow. Once moving, matrix strength is believed ty glaole in reducing the tendency to

overcome a certain amount of residual frictional and cohesive strength necessary for large clasts

tosettlePi ckering a6.d Hi scott, 201
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Dilute component of multiphase granular current

—_—
. o S
—

High-concentration mud-silt layer

Gravel-sand in dilute high-energy multiphase flow. with matrix strength incl. outsize
Incorporatioin of seafloor sediments into flow by dispersed clasts. Bulked up by
hydraulic delamination, then catastrophic incorporated (eroded/comminuted)
disintegration. Gravel moving mainly by sliding, sediments.

shearing, rolling, saltation and transient
suspension. Dispersive pressure may be important.

Figure 6: SGF diagram depicting multiple phases of flow transitemn. € k er i ng a®d Hi scc

Deposshtdentye or | obate masses that range from
andontmgnwi de range ®&fGamamtcicalre i sniczemental |y (
density deposits i.e. turebn dmasesd ccoinrce nu ma@rt ade

debri s f |Toanw Idienpgo 9ertte sankentratio? @i doResive mud in a flow changes
flow viscosity profoundly affecting turbulence, processes of sediment deposition, resulting
deposit types, and whether bedfordeselop(lverson, 1997Sumner et al., 200Baas et al.,

2017). SGFs arsubdivided according to their rheological behavior into cohesive (debris flows),
noncohesive flows (inflated sand flows), concentrated density flows-{degisity turbidity
currents), and turbidity currenflow-density turbidity currents), and can traios between

subdivisions (phases) within one floweveti(c k er i ng a6) (FiguiGscot t, 201

Cohesive flows, which have matrix strength resulting from electrostatic attraction between mud
particles, differ from other flows by thgiseudoplastic rheology, and do not tend to become
diluted by patrticle loss (via deposition) or entrainment of ambient water. Debris flows have
cohesive mud contents sufficient to support sand grains and typically contain sand and mud.

8



Flows with higher chesive strength may have the ability to carry outsized clasts whereas flows
with lower cohesive strength may contain only mudand srdl( | i ng ;ti c&ler i n0 ha

Hi sco®6.t, 201

The origin and transport process of poorly cohesive debris #ogvaot yet wetunderstood.

However, a continuum exists between fuaesive and cohesive flows, as the amount of fine

mud increasesl(a | | i n g )eNoncahesive flo&sqidflated sand flows) lack mud

altogetherand onsi st poobrWwel lsor t edi zmech dg rt aop mpbdexbi brvaelt h i «

fl ows containing -amnzelbubenaraly de@oditéd inbremehtallye r

cohesionl esmmddlowse laddsmiswelanat f orm deep, channel
i ncoinpgorrddr | yi ng mataendioanlet i mese pPhedfulcowg i nvert
t he basal contact either by kinetic sieving o

BeanEvakB lRi ckering a6 TalHleismr @ t)iThe béh@vibr2of non

cohesive flows is related directly to the relative proportion of grainsand water.ui f i ed or
fluidized sandy fl ows may exhibit dewatering
sedi ment by uveismimpyngnpbudef bubvertical pi pes,
dihst r ucvtowrnggs, (1991 ;20Bdhag&h&umamessi 1 g pfilcawd y sho
strongxil ®ngrientation and i mbricati otnatiinon haeaef

clasts in a Maexar;ngdm@e&a@nudh Evans 2010

Low-density flows (turbidity currents) are fully turbulent at their bed, allowing deposition of
plane bed laminations and ripple créasinated intervals (Baas et al., 2011), and the tapering of

turbidite beds as a result of unhindered settliradling & al., 2007¢. In contrast, higidensity



flows (concentrated density flows) have higher sediment concentration near their bed leading to

the rapid deposition and damping of turbulence, hindered settling and a lack of bedfarrsl (i n g

et al). InbdRigh @nd londensity flows,é posi t soasn folcaws sl ow or b
|l ess turbulent, reflecting the rapid depositd.i
sedi ment i ntBendeke E&BOeRtepr at ed di vi shyns are
pul sedHdU phmtso)dnd1 994 i s oud osg ezsetde abnt talsestp or t ed by

gliding along boundaries b@towdera)r d®i88mbs of ¢

Gl acial tills

Gl acial tills are mrepdwsard deobd i@ hadem titbrgd earcg ca
a wide rangeTi afl chef brematait@emori zed raettweean ttiwd
(Evans et alet,, a2Ppa0heg] aEEv aan sMeenzti emi ggth aséd , 02006
degr ee oif o@bserdvaliansoa tontemporary glaciers reveal that beds are most likely
mosaics of deformation and sliding, and warm based and cold based conditions. Spatial and
temporal variability in icébed coupling due to changes in pressure distribution of ted ivater

system leads to variability in basal motion mechanics, resulting in a patchwork of sticky spots

and areas of stieklip sliding Fischer et al., 1999; Fischer and Clarke, 20@lv ans et al . ,

2 0 D Bis extremely likely that most tills in the glegical record are hybrids, produced by the

range of processes operating in the subglacial traction Eomea(n's et). al . , 2006

Tr acttiiFdlg @Ay ei manj)iss, sleOdBi9ment deposited by pl a

from a sl i dduweap rtgedsascuireer nsedIted ng or Dortehienra nmesc,h an
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Figure 7:

A) Highly fissile, compacted diamicton with bulshaped and facetted cladigical of subglacial lodgement
till. B) soft sediment intrdill lens, typical of mekout till. C) single horizontal stringer of stratified sand in till
matrix interpreted as the product of thin water films at thébee interfac€Photo by Jan Piotrowskip)
Glacitectonically thrust and stacked slices of siltstone bedrock grading vertically to subgla¢i@itistra a n d
Ri | <20@0B),Ex Deformatiortill showing fold structures due to preferential weathering of saidintratill
wisps(Evanset al, 2006).

1989Evans )t @fiten 2@VEeandtvsanisi)d @l®@ABildn deposit
can be massive but jofinenpyhgwbgab raoardi 2 ogymti aclal |
mo d amu kmwoid a | grainsize distribution with dist.i
depending on t-hecknl itigh dloy gedG(MmMmbdHB Y | mbri cate
upgl ewct bBamplAane T(ilndreg mexdiiate axis) pacladadted t
i n tractison otnigl Ipsr esftheaow ed or i enanadrieon yparcall ¢l
asymmetrical and elidodmgasmoothulst etssskapled) (upg
fractured/ pluckedBloadt iBeensh9 () ®@PEWHAAIpasc it hre) mo s t
feature in differentiating glacial tills from
shear stnreenstss inne asreedri t o ( bufti gn)lFfpegBmdddllsy) a s he
with a small numbers of cladtscilitate sliding and clast ploughinghenporewater pressure is

high enoughlowering the effective stressf the substrateandbasal shear stressnot high
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enough to deforrsediment at depth e moment drecion .

A A A )

produdng a shear zone @fs thin a®9.01 m

but can grow thicker as shearing persists
«5

overtime(Tul ad& 2 9BV, an s et

increase in displacement

increase in dilation

20D 6

B Horizon - diamicton in solid-state due to the
presence of a coherent tll matrix framework

Often associated with coargeained tills,

S " e underlying sediments or bed rock. Composition
of sediments and/or fracture density in bed rock
will provide a control migration of pore water

g aactiemt ¢Fi gdxies r ock
les’ composed of partially b sense of rotation

@ clastic grains (e.g. boulders)

== (ill matrix framework ¥ Nuidp wing migration of

sedi ment tshatuchas al ) pore v st s
def ormed by subglacial shearing but retains

Figure 8: Idealized reconstruction of the subglacial

some of the struct ufeminggl gygr andthe degelppinest pf porewgiter o f  t h e
migration pathways, tillmatrix framework and till

S, ., pebbles and their relationship to horizon development
parent ,rneaftleercitailn gy i tggyechnial p@dpkridgvdisi2cde). O

a naf tpermidnfgol ds or breccias al ong

fault Belranittersa 2® 1 0 Me n z i e s) Aagdsult aflstrong ic&illocOupling,

deformation can reach depthgeol minto the substratd(u | a ¢ @ 9BV, ans et). al ., 2
Under I|I-9wra@glhaairmi cutnegletrqgo brittl e dehormati on |
characteristics si mihlagredt cc |llacsd ggmear ti gtnieldl p(al wll
Under hisgthrhasihmeaer , gl @&xip&lird teatcéefoeni mateval opi ng
subhorizont al banding thbBefosmasuaehl yahgebofo
bendi ng oafr osuenddi ndeerfto,dmispd amatngr iasly mmettroi ¢ f ol c
| arsgeal e f ol diaargd pdatre illehiybtaanlkdesn f or dEHa&ari s&fl o
Rober #s , Bachi@WaRB )1 0 &t ami cctosmmonl y di splay incre

deformation up a vertical section from mildly
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sheardehgr ftdkt i on and include a higher percent a;i

spatially consistent preferred orientation co

Rock Magnetic Properties

Magnetic properties ariskbafged ¢$bkaTermmiiompaft
and Hrouda, 1993, Tadxeacet ngl t ha20h8 I materi a
even those that do not hold it permanentl y. M
describe thesnayuobpé antateteal 6s response to
Susceptibility can be eBepwhseart 8d ilsy tthlee sd qlea
magnetic field, M i s the st ciescgdanhs taafntt hoef 1 ndu
proportional ity dwvhfiicrhe d aans bssu sucseedt iabsi lai t(yw,ni t |

where it is directionaAmp, dgpéiddent as i n AMS

Types of Magneti sm

Depending on the nature obf wmagsestiifzaetdi d;as emato
respond to an applied field eitheFigs)rdi 8magn
(Tarling and Hrouda, .19D9 A;mahanebtia gce tnedabdearei ad @l &i 1
and quartz havscepwi ppil o&iglay | ot cshdeld mirtder o f

(Tarling and Hreotudaal)g0lda g8 et Baasi on i s induced

opposite to.ltrhep arpgprmd gerdeitfgiucgllemé&Oebe oi aNv i f e, amphi
pyroxeme bi otite, magnetism is induced in the

positive dypcemtilyi ot g held nimMas d(i mfg O d Hrouda

13



Baa&g ,2a0lRD.Bot h

di amagnetic and (a) Applied field No applied field
[ i [ SN
materials do nof UM{W R{ﬁmﬁﬂ ‘
BO0000 (1 |y, %
remanence and | « hv@vv V Yo ﬂ\q
S -\ ’
\L‘Q >
as soon as the f DlamanetiT —=
(b) e
oeo00t | AA
Ma erials that ¢ MAM‘MH\ f>~<~(7 V<=
poeaee (U RB¥ 3> 7
after the remov: H?ﬁff‘?“' g ¥ N
field are densiol (¢) Parramagnetic
and hold remaneil MU ’\/, ]‘,f"'.l HHIJM{JM'{]& f"'[
|/ | J U UL "H'.
magnet iFZ agtuiyam otcr ‘/‘H'\f h“ If AMAAAA 11
R[] [
order?tofPSO it s — — U U
Ferromagnetic (s.s.)

(Tarling and Hrea
9Ol Il lustration depicting

Flgu
al . 2JFE* r o masgemestui G E;enetization and arrangement of e

. esence and absence of ar
| a)t omat eri al s canlbfa e paxetsedhow the orientation
white arerowghtto otfh boxes s

into three types:rrefzﬁftro”rﬁag“'f‘nge”teltbz—at'ong Bndure wus
(sensu)sf{f&Eitur e

9y, ferrimagnetic (e.g., magneOntey)aawnedr ansg mal
fraction of ffersr oamaegredat i(c-0mile waollaume of t he w
susceptibility darsotngopayndoHripebs ampgold® 6 8

ferromaigmet alcs, paramagnetic contributions t el

contributionsnpprncwei dnod et h eafpanc di% o fan d) eHrromwdka ,(
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Do masitnat e
Ons walt omi ¢c | evel, magneti zation of paramagnet i

unpaired elleccttrroom sspiimss. seek the most efficie

enef(Fgyuye LA smal.l particéelesctorf o magmaemd tteh & <p
particle is uniformly magnetized throbdDgbout (
nm), the | owest energynédmfrimgsmpatni ean riurcy allrvee swv

sudi vi ded iwmniof acmrurityl prheegneti zed dom@iungs, separ
domai nBetMben SD and MD are a range of nonuni f

vorfTaxxe et) ,ala. st2a@ k8 somet i me nngr ef arormad nt  PEd

Super-Single Domain Single Domain Multi Domain
Single Domain
Pseudo-Single Domain

Multi Domain

Figure 10:Di agram of single domain and multip
si ze. FiguBeth@®d2fi ed after

Hy stiesr edsat a can hel pBidomdeani fyypeg afsdmagehet i

and can be collected at room temperature usin
VSM measur é&s magaamplzeati on i n an aaptpilnigedt hfei el d
sample between a system of pickup ceiTl s. B is

whil e magnetizationTdM¥e va) uallharasabmPpasafetdhd¢e¢
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l oop is dictated by the maggritt zdae i ofh t({Batmaixi
magneti zati on, Ms), the magneti zation able to
magneti zati on, Mr), and the strength of the

(magnetic coercivityyvibBg) thki glhragpel b)f. tBy dlys

information about the magnetic contributions

Since diamagnetic and paramagnetic minerals d
nul |l vadaresi wifty and saturation remanent magne
hysteresis. They also do not saturate in norm
negative and posi ti vlea urxeel aett)i.ocanFsehri rpds®nixr@ersaptesca i v
carry remanent magneti zation and thus retain

dependent upon grain size and composition. As

|l oops tend to be more a@pean ntshamdt hdieg dfavwo rhti

M. M
(+M) Magnetization
(M,)
M) /guration
Saturatlon\ / Magnetization
Remanence 5 /
(B.)
Coercivity\
(-B) (+B)
Figure 111 deal i zed Externally Applied Externally Applied
| oops-mefmbenrd be Magnetic Field Magnetic Field
(a) diamagnet i«
(dFerr omdadree tsiiz
(thickness) of
reflects differi
ferromagnetic ¢
Figur@muxe e& (-M) Magnetization
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For mixtures of dial/paramagnetic and ferromag
paramagneti c or di amafgineeltdi sc (sXuhssc)e,p ttiobiilsiotlya taet
signal . To estimate average fnmeertreornsa ganreet i ocf tdeonm
summari zed ®mayaeba)nlopilsothw®&Gd7 ( Bcr = coercivity
magnet iFziagujoen )DAnl op (2002) made theoretical C
parameters for magneti tmi Xthurdea d fefr echd maliomas tna t
hel pful for identifying trends within or betw
identifying specific domain states in natur al

magnetic minerzeRolger asdemgral n, s2018

1 2 3 4 56 8 10 20 30 40 50 70 100

1 T T T T T T T T1 T T T T T T T 17
M | i
M, |

| sn

R |

 { = 206
AF20ate  Sres —o 8P saturation envelope T
03F 0% 209 \IL:E 30% O‘;‘ ._“_- 1_‘_“ ‘._.“_
 I0% L N a9 . 30 nms

\ 0% Langevin
60%

= 0%~ . N
~ ~y i\ - =
calculation 50% )\‘\ Tee. 25 m,}
Sp.SD 60% e

. & 70% e o
70% 20 nm

80% . \\ \
0.1 80%

10 nm 15 nm

e

=]

wn
T

Figure 12T heor et i c al E

curves for magne

regional locatio]|

and domain state|[ % ]
(SD), bl ue (PSD) 0.006|- . 1
3[/)el : o-3vD ) .;gf;'rzg mr e 0.005; 30 4030 70 100
unl op, :
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Magnetic Mineralogy

Magnetic mineraloglendardi ®dmétyi mée bémperatur e
behavior transitions from ferromaghgtmeas or pmi
susceptibility as Ha ofudmy F {lgoudyde f A B, @ \ngaegfnaett u rce (

exchange edetgytheepassing of electrons betwe

50 = //’,\I‘
X~ — i R |
240 ELB
e
Figure 13: Curie temperature curves of rol 30
sample EL53 (susceptibility as a product 8
of temperature). The red line represents 9 20
changes in susceptibility while heatjripe 0:-‘)
blue linerepresents changes in
susceptibility while cooling This 10
particular curve shows a Curie L
temperature of ~580°C, indicating that :
magnetite is the dominant source of 200 400 600
magnetism in this sample. Temperature (°C)
enemr@eyulting in ther mal demagnet iTzaartliionng oafn dt h

Hrouda),. 1®@®mMposi ti osncaanl yb ed eupseendd etnot ,i nTf er domi n
responsi bl e for a sampaldsées indagin altfaiveend. e tVaegrnaett u r
dramahanmgnesmagneti sm at T=120Ki aryevevreyi Diransit
transformatc omsoperr tmaganetliatti ce sGauctarandal

Sub289 4
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Magnetic Anisotropy

The mini mi zaiitohn no fa emadgengegt s ct g aaniissdter opy 1 n
the grain (or crystal) Il evel. Certain direct.i
resulting in an fAeasy axiso of magneti zation.
i nfl uencedcrbystealt hleat ttilMmey noert occrryssttaall |shhaepeani s
from | attice forces acting on electron spin c

specific crystalTarglriarpdhian & xH rsShuadpaep laga@i9sBortorno p y

the interaction between magnetization and an
results from the alignment offepoheButalsaar { ace
1992 I n shape anisotropys, ntohremaplrleyf eorrrieedn tneadg nael
of the grain to minimize its total energy. Bo

are dependent upon a material s magnetic mine
occurring mioneérapy, comapel asnitdhe magnetizati on
magnetic measurements can be wuseful i n quant.i

(Potter and St.ephenson, 1988

So |l ong as the physical oriean@éiafnt @ef dd o sniat

fabric is unaffected by | ater changes in the
di agenesis is accompanied by the formation of
altered. However, anyi i arg eagexdiugctdi mpgnespraarltsi cgl reos
to inherit the anisotropy of the depositional

19



At t he

grai nAMS it Begeomktscahé|y represented

(0]

t

d

r.

0]

ori et
Ad
des

(obl

three pr i a(cmapxg i kakX¥rd)gy:§ r)ekhlcdha descri be the
eigenvectors of the susceptibility tens
e genvlh b,de@r(espectively) which are used
axis and indicate shape of the ellipsoi
principal axes are plottedEA)N sat droevenFd th emrecs|penc
15%.

B Flow direction

Imbrication angle >

c-axiz / -

Figure 14:

A) Model of a magnetic susceptibility ellipsoid displaying three perpendicular axes (eigenvghadima

2021)

B) Imbrication of susceptibility ellipsoids as a result of fluid flfidailwood & Ding 2000)

isotropic Ohblate Profate Triaxial

P e

e

.G

v
Il I®lI1

Y

Figure 15: -d Jax amgpdsesap b ot t ed as ei genvector directions

Figure

moHa dx e de8afdle.r, 201

20

f



AMS has been used in several studies regardin
infer the directional foobrsceet Vaignpg r ieendtiaz etdhro sef
magneti c parhtei odldépsosadtrishB@0Oa&sd | ve2)GDbI n this w
AMS can be an indicator oFfi gsuerdel A aarye tfrawnrs py
fabric patterns associated with differ-ent dep
aligned f atbrramcs v gr3s)e fdlladbirq wé& i fgah B & S (w allLO.

FIl el i gned-t anades feaobar i cs are common in -subaqueo

oblique fabrics hRaevees ,pl1s%083been observed (

When grains are deposited in a | ow energy enyv
(or air), the domi reananttatiifnl uen e aovn tpyar tlifclten e
horizontal, the long (k1) and intermediate (Kk

t hsehort axes (k3) peQopremodi ciul drac(uFsitgurnee la6nad) .m
t hhihsor i zonltiad dharract er i z eldn bay @l aveiadk!| & U g tart ii roe
gl aci oemmavriirnoen meat besabzceddr cl asts that bend or p
| ayers may accompany horizont al maghetice fabr

rafted debri s.

ExperianesngraMati ons by Rees (1983) demonstrate
fl ows with sedi ment concentrations <1.2% (Il ow
vol ume, alignment of | ong axes wacsurpraewnat hel t

their | ong axes parallel to flow (Figure 11b)
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verti-8a), (wWoth a cl ust ¢ ——— L
slightly from the -breadai Q // \\\ qgual
00#. |
stereohél @awThgineldi § abs i @@ ’/
accompanied by a |l ineat and f
b) FLOW-ALIGNED
direction is indicated f k3
eigenvectors deflected @ :
Grains transport eévich®ys il| cFLOW-TRANSVERSE mi d
fl ows (sedi ment concent 2% an
11. 1% byReeod ,ynled83n wi i
axes perpendicul ar to f e pres
d) FLOW-0BLIQUE
the turbulent upper pol I te f1
. .. . *,
experiences dfelpooesg itmeo.n % *
result is aas$sphigt thleudi
and a ti ghitmbecrliucsatteerd oufp = i
k1 (long) =W e/ “‘HJLHH
vertical-owdhssedsies fadn| <@lnemedaes=4
k3 (short) = @ -
referr erdoltloi nads( fpa by in d 6 .
direction ihe imbircestaed OI'—%erquFOLlJ(r orimary de
patntserin | ower hemi sphere egq
eigenvectors defl ected dtreomomwear pi cCjaelcti on. | mbri
shown in (b)), (c) and (d).
(a) +Hdismbmowcecated by definitio
arrows in drawings and ster
flow directi onmMmaRiogure used
Baas et al .fl(-@®W0i7quasf amdge)i7@oididBaremet. al .
when :akhkeskare oriented at a significant angl e
oblique fabrics havtee rbaecetn oantst giink g ¢sdcaoluosc ¢f ld aogne
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current direction, changes in flow regime, ch
def or nBaataisonet() .al Fqgr 2t0& pur pocshkel iofu e hfiasb rsitcu diys
when iahkdakes are oriented at ~45Asfdefl ebeedi f
vertHicgaur ¢ 16d;) Amat o s 207Trong indicator of ¢
clast i ntersdaotuildndv.e noted t hat egvredionp- iimmb rfil coam
al i gnetdr,anfs voem soeb,| iagnude fflacdbw i cs. Why i mbricati o
thoroughly explored, but suggested causes i nc
compadtmadm )TRBO@1FapabilitytoadnamMé&rtodindctanoe
on the presence of ifmmedidc @ tesrder gad asioo $i .smpHorw eavnetr
identifying flows, especially if there are de

di redrtiipopnesed s ) .

To aiicdtiimgdii shing between a diamictite produc
subglacially it may be helpful to examine a r
l ong axes of clasts in tillctairensdafatice imav ¢ me
Co n s e q imwonld He gxpected that the long axes of the magnetic particles would also be

aligned parallel to the direction of ice fldw i g u ). ldowdvér differentiating between flow

aligned fabrics produced subglacially and thosmluced by otheneans requiréeld

observations such as glacial striatiamsl facetted claste make a sound interpretation of

depositional procegEmbletonand King, 19%; Gravenoretal, 1973. Tr ue ti |l |l s show
shear and tend to produce tx i i BosgkrmdPrO8Bt i ¢ f
wi bhient aaaindea&ks oépakxiebs Ititey | ongi doadzinmmdt Hd ow ¢

parall eliotboenshleadwuyprkide kt € d ddwvoewsn and L Niegwsroen, 2
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16;F1 ow al i ghhieadmif atbirtiec) t hat have expeiienced |
di stributaegd calreangesgr(aegirdles) symmetcl ceat ¢rys di
(Gentoso 2HomKi.ns 20tV aasid. ,I v2e@BBOIAMS f abrics infe
sedi mentary transport s@axesmxteksorc |l uys t @lru ptae rail n @
shed |Iight on the amount of sBe@anuassdsraan snp cerxtp e
and SGF deposits may undergo substantial shea
contaetdt el d @resreer ymeeicikisfsfaagrppgat waeén subogagnadci al s |
sheaati ntghe base -torf ams Bkt ddelphaEssisst.r ai n i ncreas
f or mesru biscter atfer o nm thekréfloagcads r sma S8 G B €& p osshi caws

decriemlseearaloveiwamryd from the shear pl ane.

Figure 17: A, B, C: Examples of
flow aligned fabrics produced

. 5 9
subglacially.
D: Flow oblique fabric generated
by sedimentary mass transport.
E, F: Examples of flow
transvers-flow fabrics produced
by sedimentary mass transport.
(Datafrom Amato, 2Q7).
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Procedur es

Field Procedures and Sampling
This project investigates ten outcrops of the
ElI'li ot Lake, Ontario Canada along highway 108

82A38"' 3RI.g7UIM) i Vmi dal sedsumewne il mg iSeedlihmedst ar y
were photographed, measur ed cilmstalcitolkerda sngy u i n
| it holMlgayst shape, si ze, nltiaelkoon g gwi,t, ha bgdrdadibrmo gsdia
contacts, ebmendl seceadmdanrenmic adiny2fst ed i n stratigraph
record field observations. Dip and dip direct
for regional di p acr avediticcdaassnotah @ i opd leed @d 1 oexn to
directiBhocks of | i tomi frieddrGewigdmndasflsenes) w
sampled in théedafmedsedsomgolsenecdd features ai
oriented, and | abeled in the field using a no

the UniversiitMy | avfa uWieec ¢ UsMM) f or pal eomagneti c

Al | 10 outtlce oPd suwtlyi ity ntcrl @ mdnse sat ra danegpahiuch g e s
orderolfdeosmt ( ELlhl sarmdet lod gchwet syncl i ne tlot yiosung
reasonbaebllieevteo t hat tedempmsistm occuli ovase@men @ ma
obseSvees were collected ovedutweagdineearde sessi
| abel ed i n #hehfizdhi oni cBt#s the EIIliot Lake
(EL#) and the-#3i t&S&inhewmbardle( Bletcodh dddrieng sessi
similarly and marked with a 6*6 to indicate t
(e.g.#) *EL#
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Laboratory Procedures

Three to four cores (samples) wewighexadi ameeer
di amond dmBielclaucser el laist s haveatnket huswidomaghet
fabrics produced t hr oaurgeh wsaesd itnaeknst nalrtyowataevparisd < ti
dr i Idoirnegs. were oriented by first reorienting t
using a Pomeroy orienting device and Brunton
hal f, separating each sampl e Badn ®wneanmoh esrpeedc i me
surface. AMS for each specimen was measured a
AGI CO GeophyRBA kMu IMFiKfFlucti on HKKappabeddfeeid at
temperat urlemtprvd akh iaSi2ldde pt y bei Iciotlyl edcattead aars t he
rotated about tuksriengg a+Ates dVg(Killahi agespeci men me
J el (1m&k Data are then processed and plotted v
eigenvector dat a iftoer oendh@mil opdeadrrreeeae pittreelrae sn et .

t hearrected to commeards antaeg nfedrn cr aegicd n alatti iolnt

To under stsamd ed mmaimagneti c particles present
measurements wegeacbbdkeshedeu8600 Series VSM |
Rock Magnetism (I RM) ,-TWwinn v@irtsiids. oNMa g entnieso t vae
room temper atlulr et a nlTa, fpireoddducoifng hysteresis | o
sat ur agtniean smma f or each speci men. /AvoDaey 8Bl ot wa

to esti mate average magnetic domain state and
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To infer dominant magnetic mineral ogy,, two sp

as endmembers for | ow temperature analysis (o
expressed |l ow coercivity) wusing a Magnetic Pr
Superconducting QUantum I nterference Device (
expiements were performed to identify t-he magn

speci ftieenmpleowat ur e b emxgwirgrmehnetns ampl €i rstgi ven
temperature (saturation) isothermaliedménehtd.
This magnetization is then measured as a func
10K then warmed back up to 308Kl edondli ddd/dzsercomn
field cooled experiment), etrlag uga@&mploe 1i0K d mo It én
a | arge (2.-csooll)ed,i eHQ) .( fAtelldOK, the field is t
magneti zation i s measured on warming back to
back to 10 K -iineldderdoo 6ZiFeCl)d (Azerld K, the sampl e
2.5T field, and the resulting magneti zation i

temperatur e.

Additional compositional i nf or @t idoant awa sc ogll | eeac
UWM pbmgia CS4 furmarcet e tlkammamti dge and t he Si
curve contAGICG,o2dalalchg. P@DL&ri zed sampl es were
atmosphere from room temperature to @MOOAC and
susceptibility. A full background correction

roemmperature to 700AC and subtracting the re
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Six sample sites were selected ngrD mi crosedim

based onnsbetermagnetic fabr .| Three sites th

produced subverticha] -Bhgé&et a ELG6

*EL10-1

*EL19) and three sites that 700uluced slu 10ri zor
fabri e3s (*ELSB,-1)& wde&ldOcut, € mi ned wu LT
petrographic microkcopexamin tp-lhmogre:‘:]ﬁw'led

of microsedi mentary struct u 6005 ngt ¢ dat a
I

*ELS-1

suppl ement microsedi mentary njd fie Eslhser va
the interpret ateiporsidfi dsneadign tianrdy B
] *EL7-2
direction. 20 *BL7-1
400

: 2 EL6-1
Observations 2
= -
The Gowganda Formation in the area north of Elliot Lake _giv(
2-0
EL5-5
measures approximately 760m in thickness from the dase o EL5-4
EL5-3
: . 300 — —
outcrop EL1 to the top of outcrop EL1Bigure 18). EL1 sits ["BL4-4
*EL4-3
EL4-3
on the southern edge of the Sudbury Syncline which trends - :Eu
*EL4-1
northeast to southwest with EL10 near its center, representir —
200 —
*EL3-1
what is interpreted here as the last sedimentary unit of the
- g EL3-1
F Fine -
S Sand *EL2-2
Flgu_re18: Compl_ete D Diamictite 100 — *EL2-1
stratigraphyshowing full '|: Sands BLA-1
thicknessof the Gowganda Pandstone -
Formationin the area north of [ Sandy Diamictite x Bl
Elliot Lake, Ontaridncluding [l Muddy Diamictite ELI1-2
H H . . e | 1
sitelocations. B 1 :ninated Facies 0 EE;
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Gowganda irthis area. Thickness was calculated using the dip of bedding which decreases from
~15° in outcrops ELIEL6 to ~5 in EL7-EL10. Diabase dykes are present in EL2 and EL5

(Figure 19), and gaps in the stratigraphy are due to erosion by more contemgegary

channels. The formation is dominated by sandy and muddy Dsm and Dmm facies but also
includes four sections of thinly laminated fines with dropstones (except EL10) and one outcrop

dominated by crosminated sandstones (EL1).

Facies Descriptions

At i ts baseconthae nGoswagoamadlacaobbabéeRabboproteroao
Espanol a Wwiormat Smmpmeatioinoppl et el y mi@Esgogei b t hi

(Young)Dil@®ilcti te facies are dominhami mlmdedgho
sanddtacnes &ligawreddbhgfillar eot s one(d<c c2 anst s

di amarer cammongbmp o s egdh gaofu st @ Yasnid® %a f) i, ¢

met amo(rlpOhdd)c, and sedi méht ahyee<fa®w) esotlhpes (c
| ami hatad be fdurwnh ern dbraockeendi s cudsaesds iifn ctahtii sons

codes out ldnmkEvd BOYL TR d1h Tea b2) e

Diamictite Facies

Descr iDpitaninc:ti te faciesbcaandbeabbgerved: i mutdHdy
supp @EetredElyv 88 1 gi®y e Muddy (dEla2mi cEL 3;Eeisglu?t e ELC
19; Fi2ghyreneeers to 10s of meters thickl|lamassiyv
po@erxcept EL9 which «con,t abonrsd ef saida mgt ysoprpgtort iexe d o a n

stratifClast{POPmdbhmoddyhobim facies display faint
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no apparent

facies and

petrographiefmmir eneas c aghatnsd sb,f scoonaertsiemes cont ai

sedi ment aray st miadkien irEgis e |,

(EL4, ELS,

Di ami ct-fi & i

CodeDi scri

ptoi

prlkif g e dSaobtii ecndtlyakteikoamna t(ec f ound

&g aboggbdrtuibcadnc avad esii hd 2

i n
only ut
ni
as they are typicall\

EE 7 g 10 8, w2).BL @) (

&S bCl ass

o

n

Dmm Mat-supported ma

Dms Mat-supported st

Dcm Cl| sssutpported ma:

Dcs Cl asssutpported st

Laminated mud and sands

Sandstone

Sandy diamictite
Muddy diamictite
Diabase intrusion

Quarter structure (rotating clast)

vaEN W

(

Metamorphic clast

Ea—

o

59| Igneous clast

Sedimentary clast

Y
U
?
~S

Horizontal bedding
Rippled bedding

Cross-stratified bedding

Dish structure

Clastic dyke

Soft sediment deformation

Erosional contact

30

Table 1 Facies classification and
codes modified from Benand
Evans 2010

Figure B: Left) synbol key for stratigraphic
columns.

Pg 31, 32, 333tratigraphic columns of the
Gowganda FM, north of Elliot Lakentario
Canada.

All outcrops were measured in meters and
include grairsizes very fine (VF), fine (F),
medium(M), coarse (C), granule (G), and
diamictite (D)from smallest to largest with D
representing a mixer of all gragizes For
outcrop locations see Figure 2.
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Flow Type

sandstone,

Outcrop Location QOutcrop Description Sites Magnetic Fabrics -
— (Flow genetics)
Medium-course, horizontal-cross-
laminated sandstone with sections EL1-3 Dsm
W , | containing deformed bedding and Triaxial-oblate, sub-horizontal - | Inflated sand flow
N4G* 09.780 El1-2 Sandstone . )
EL1 . ., | water escape structures, sub-vertical, flow transverse- | layered with maore
WO082° 04.769" | | . EL1-1 Sandstone . . .
interlayered with clast-poor- ... oblique cohesive debris flow,
_ . . EL1-1 Sandstone
intermediate sandy Dsm facies
with erosional base contacts.
Thick cohesive debris
- - i * -
MN4G6" 25,010 Clast ﬁon“_. _jn_,m-._._._.ma_mﬁm J._..._n_n_{._ EL2-2 Dmm Triaxial-oblate, sub-horizontal, | flow [Dmm) and
EL2 . , | Dmm facies with Dem facies at its ELZ2-1 Dmm N
W082° 40.252 N flow transverse. possible ice-rafted
base, EL2-1 Dmm
dump {(Dcm).
EL3 N4G® 25.230° Clast-poor-intermediate muddy *EL3-1 Dmm Triaxial-ablate, sub-horizontal, | Thick cohesive debris
W082° 40.241" | Dmm facies. EL3-1 Dmm flow transverse. flow.
. . Cebris flow, less
sandy cﬁs-mua E_ﬁ.w_smﬁ_m €3St | «£l44 Turbidites  Triaxial-oblate, sub-horizontal - | cohesive than Dmm
ELa N46® 25.272' N_UM“MM:MMQMMM Hhmﬂmhmnﬂuoswmhﬁ *EL4-3 Turbidites sub-vertical, flow transverse | facies below a series of
W082° 40.244" | . . *EL4-2 Dsm (Dsm); triaxial, horizontal-sub- | concentrated density
thinly-bedded marine turbidite _.. . . .
. EL4-1 Dsm horizontal (turbidites). flows and low-density
deposits.
turbulent flows.
Sandy Dsm-Dmm containing clast
EL5-7 Dsm - . .
and boulder pavements and EL5-6 Sandstone Triaxial-oblate, sub-horizontal, | Debris flow
N46" 25.532" | possible shear zones layered with flow transverse-obligue, (EL5-3, ELS-4, EL5-6,
ELS . . . . EL5-5 Dsm
W082° 40.170° | horizontal to cross-laminated, ELS-4 Dsm EL5-7).
medium-course, reverse graded EL5-3 Dsm EL5-5: flow-aligned Glacial till {(EL5-5).
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N46° 25.800

Thinly-bedded turbidite deposits
below a series of alternating
Dcm/Dmm (laterally discontinuous)

Concentrated density
flows and turbidity
flows below bipartite

ELS W082° 40.065" | and massive-horizontal-cross- EL6-1 Sandstone Triaxial, sub-vertical. inflated grain flows
laminated, normally graded, (Dcm/Dcs, and sandy
medium-course sandstone facies. facies).

Concentrated density
N46° 25.996" 4?:2&3%&.23_98 deposits *EL7-2 Dmm . . flows and E_&_n__‘z_
EL7 . , | with granule-sized clasts below Triaxial, sub-vertical. flows below a thick
W082° 40.042 . *EL7-1 Dmm . .
muddy Dmm facies. cohesive low-density
(turbidity) flow.
. sandy Dmm-Dsm with rippled- Oblate, sub-horizontal - sub- | Debris flows, less
ELS N46° 26.188" | horizontal-cross-laminated EL8-1 Dsm vertical. flow transverse- cohesive than Dmm
W082° 40.057’ | medium-course normally graded *EL8-1 Dsm L .
oblique. facies.
sandstone.
Muddy-sandy Dmm-Dsm facies .
hibiting deformed rafts of Oblate, sub-horizontal - sub- | DoPris flows, more
EL9 N46" 27.178 MMQ _mm_q.”“m wmﬂﬂ%mm:nh”mw:m\m_w“hmm “ELS-1 Dsm <m_.:mm_ flow transverse- cohesive than EL8 but
W082° 39.874’ '8 *EL9-2 Dsm . less cohesive than
pavements, and a boulder ~¥ 2 m oblique. .
. Dmm facies.
diameter.
Series of thinly-bedded turbidite )
N46° 27.950' | deposits depicting layers of Concentrated density
EL10 . P picting fay *EL10-1 Turbidites Triaxial, horizontal flows and turbidity

Wo082° 38.710

massive-cross-laminated very-fine
sands alternating with mud.

flows.

Table 2: Outcrop naméatitude/Longitude, Outcrogescription Site names and descriptions,
Magneticfabric, Flow typenterpretation
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Thinner tdh aami natrddiye s,i iagni tch e t @ @dwegcai nndeah ecdrrese s

thick. mdastuippoeted andcontraitnifng dg+§ dma ghes tt o0 b
hori,abnbBmnaghi ve (sandy Dmm) sections aerse. pr ese
Unl i ke outcrops with muddy Dmm facies, massi vV
accompany s ankEdyl , DnisL 4f,a cElEebsg W0E e € j 2086, Dms f aci e
themselves typically show nor mal grading and

wisps/rafts) that are more pronounced compare

horizontal orientation. Of the hooutsc rpoaprst itchualtar
interesting characteristics. Generally compos
clastch Dms, one that includes a bed of striat

(Fi gilOr eFi Qur e 2

Cl assutpported diamictites, both massive (Dcm) a
and domi nant RihgWBughhiegur eMMb68t ( ar e ssthroaw infa renda |(
or revertsyepigogaddd nnigng unNoeerrtighi andge & abels reeacsi e s,

sasdadl t houghnshsnkeL6 arSdhemas pilames are often vis
reverse graded Dcs facies while overlying san
Some are discontaneoabkl yELEan&gLB)oni-egsfrom D

sounehs espectively.

Figure20 (next page)Diamictite Facies: A) Muddy Dmmwith granulei cobbleclasts(EL2); C) Sandy Dmm
with subvertical wisps of fine san@EL5); E) SandyDsmwith normal gradedubhorizontal beddif&L5); G)

Dcmshowing revese grading then normal grading betweearsesandslayers of which arenassive, normally
graded or revese graded(EL6). B, D, F, H) highlighted features of photé®m left. Meter stick and Jacobs

staff for scale.
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ltoz_awwsoqazomn4,

Figure 2.: Evidence of clast rotatioin a clastpoor, massive, muddy diamictite. Sneiss coblevith smaller
granite clasts circling around i€) eyeshaped deformation of sediment around clasts (quarter structures).
E) squeezing of saturated sediment between clasts (neekidgmall clasts aligned and circlisgcked cobles.
G) Quarter structure around granite pebBleD, F, H) Highlighted features from photos from the Iéfteter

stick for scale.
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Figure22: Deformed sandsA) EL4 coarse sand islightly stratified sandy diamictite C)EL5 medium
sand inmassivesandy diamictiteE) EL7 Coarse sand in massive muddy diamictBeEL7 clastic dyke

and water escape pipes in massive muddy diamidsit®, F, H, highlight features from photos on the left.
Meter stick for scalexcept G and H.
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Figure ZB: Boulder beds at EL5A) Outcrop
scale photshowing alignment of facetted
bouldersas well as sandy and muddy stratified
diamictite.B) Boulder alignment at the base of
EL5. C) Closeup of boulder alignment iphoto
A. D) Closeup ofcenter boulder of photo,C
facettedand striatedvith arrow indicating
striation orientation.Meter stick for scale.
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