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1. 

Primary aedimentnr.y structure which india te alaeo~u~r nt oT 

palaeoel.ope direotioxm h.a\fe been videl7 tutied bee . of thoir 

impol"tace in dete intaa 4iape~eal pattfl'lla_., provo~«=• tuJd pelaeo­

opaph,y. Preferred ori ntati..on ot th len axi ot and t; inn u 
thought to indicate direction of tl" po:rt of th sodimont . Gra1n 

oz-1ent ti.o in eud 1 d. Nld le.r sedim ta w au to a 

meana of dbtel"irdniDtf tnmo;port b7 Dappl s and r (1945) . 

ScilhWN"Zaol'.l.ft" (1951) cd Rt,tqak (l95?1a) add4t4 .f'Urtbttz- in~ight into the 

pn>bl.eiJ with experifaent•l detel"!nlnt~ti.amt. 

'I.U<I:IU.D.&S are thoupt to alJ.p the elvo6 pal'allel o the tree• 

porting c rre t d t.beontieaUy ~ho~ld bave a auum ori tati011 pnrallol 

to tho me orientation lruticaud ~ direotioul tncturea. Until 

recelitl;r the ajo1"tt7 ot WOI'lcera ue fouad t · to ~ the o e. vtuaie 

in turbidite bft1ttlftl!lCee bJ' iBo-. (196)) Md Spotte (1964) dftmMWtl"flU tbat 

wch a nlattotUJhip doel5 not always elda~. 

a. 	 GRAIN ORIENTA1ION 

f'ab.r.to ut be a e{iu1l1briWI or ne 

equ1l1bl'1wa re • of claatic pn:rtiel$ er the intlu•noe of fo:rceo 

of poavit)te fluid. flow dr & t?.gainst other gra· • A p~ de• 

positional tabrl.o. ocm • define4 s the patUl •r~an ent of fraiM 

l 
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in a ediment, vbieh by accepted stat~tical m thoas. can be shown to 

exhibit a significant deviation from uniform distribution. 

a) Theor.tic l tionnle 

HJdro ya c d & ri~n nt . result how th.et elongate grains 

hould b depo it d in a po ition of maxi stability with reepect o 

the external forces . ru has been d onstr t:ed 1 ehwarzacher (1951) 

and snak (1957,a) who found that caost ~ain.a in a cno4er tel~ sorted 

aed· ent lie with tb 1r long axea parallel to th direction ot tlow, 

with an upeurront imbricaU.on. 

lt baa b en theoretically demonstrated ( nakt 1957) that 

ellipooi al sr a in suepentiiou are oriented with their lens xes 

normal to th direction ot tlow; gvai rollin lon the botto in 

traction also have th ir long axes no l to the flow. lnas ch s a d 

grains are in suspension just prior to d position d that th y ar l tlr 

in traction on might _ (!diet th• t the lon ues woul be normal to the 

now. J.his is , however, a :position of i at bilit7 for rou h botto 

(R\l$tlak 1 195?,. ) . An ellipaoi.dal gain wUl tend to adv nee by rolling 

around it hort axis , that ia, it will roll with ita long axis normal 

to the tlow. l\ Gtr . line~ ba_pe 'Will bet table onl7 when all the 
V.i>. 

f'o-rces are s tric lly disposed about th line which p ....es through 

the c ntre of the m ,.. and tb pex,, .;)inc the opex r pres nts the 

tartheat point fro h c ntre of the &naas , stable po•··ition will onl7 

be obtained w. n the e1.pe ine& in the direction of tho relative fluid 

, tion. (K nkel , 1948} 'l'hi· applie to the flow of e diment over 

rough bott • For flow over ooth bottoms the gr ins vill b norm 1 to 



flow. the :be of th :rou eas el nte o the tto inore 

the ellipsoidal gra.;tne will sot ore natio ll¥• The po itio ot max• 

atabilit1 depen o ev ral other fa tors. elocit7 of the flov 

near the d muet 0. at critical value tor particle v ent; this value 

1ft turn ta de nde t n other pu terrs such tiel · si and roush­

n sa el ate t depart ot pr fer 4 

orientation h'o tbe flov direction ocouru4 1n o pl. a fom d at low 

an v lo iU.e • 

creuo 1n the sphe.rioit;r, th t i a d creas in longa.tion, 

reeult 1n incrt~uase itt t de • of dispersion around the eterred 

dir tion of ri tation (~"'-'lu•k• 1957) . 

Untortunatel7 no o e of tbe f ctore ce be inSl d out bein 

or tb ut at import ce d it 1 t e v iou co bin tiona and 

of the c binatiom; that a%'8· the determi in.g 'l ctor in the ori ntati 

ot the gr • 

) nraotical tatun 

lni t.S.al work on the orient tion ot GO nte as done in 

the coaNer t rWa, artie lsrl.r tho of Sl ial origin. ifith ­

provement i t the etudy of 4 

1 od and 11 r partiol s has more r cently come to the tor • Result 

t dies ot the fabric ot diment d entar.r roc hav• 

shown th t tbe sr u tend: to 'be aliped parallel to the fuect1on of 

flow indicated by dirootional tructurea. A 6QOd reYiew ot th t 

tudie 1n this t1eld i given by Potter d P ttijohn (196~) .. 

c) 
! 

y l1m1 ount of rk on the t brio of turbidite h 



•• 

bee ac:cL li.Gh • Kop t in (1954) report long ali ent in 

moat apoci na ot the c brian turbid1te8 ot North &\lea. He interpret 

t bric spit t e fact tb t ot or authoriti a (Woodl. 

1938), 194'' Sh c loton 19.53) bad &lr dy poin e4 out t t me of the 

in ha a rotor dete ined pparentlr b1 cle 

B tt d Walton (1960) ade investi tiona n three hori ns of the 

Low~r C brian turbtdit D of t ortb Wal s en found the diatributiona to 

be uni odal, b odal d pol od 1 . the distribution v odal 

1t W SUbparallel to both tlt CtU'l!'er.tt arlc d the CleaV l$t whereas 

in the tribution one o e w subporaU 1 to the oleava · nn 

th curt-eut d t oth r t rigbt l~s to this. As the cle v 

th CWT nt urk AN arallel it 1s dirt cult to det rmine whether the 

. rientration la due t o ri a:t!f d osition o d t t orph1a • 

, or (1960) ~ nd pnrall l ali ent of tho ~ with the eole 

teat 1"4 or t 

no consiet nt l•teral r venical vori.atio within \xtd. nmtd (1960) 

ex ·in d turbiditee of Plioeen. a in th$ V ntu buin or Califo:rnia. 

f und t t in p rtieu.lar b d , sev rel p.r forr d. directions ay be 

appnre.ntr (l.) pat'all l to cu,..ro.at flow, (2) etw n 20* and 40• to 

eith r ide of tho direction indie·t•d by le f turea, (3) at to 

th curzoent dir ction. Re reco~ised that eur.r.ent norm.td orie t tion 

v t qlut tly a condfU'1 tende c , b om1n r dotrlnant with incre • 

in ain 1ze d ere e in tll egr e of orting. 

ua (1962) found th in n•ral d orientation w 

at ipt Jole car· • .:: tt (1964) vorkin on th 1ioc ne 

its ot Caltfomi , toUtld the sole featwrea to iver 40 to 6o 

http:CtU'l!'er.tt


deareee from the . oan di.t'ectton ct tho prctetTG4 grain orientation. He 

attributed thls to <lift ·rQncen in dil- ction bttve n ourren.ts eroding 

th tlutea and curJ:>ents d«Jpoait!ng the ov~rl.Jbg beds. Ito demonstr ted. 

aleo that tb~ fFa!l.M of mutmt.tm elon tion hnd a hiper degre of pre­

ferred ortentatioa. 

O!J~ml'VB;;i OF 'l'B£ STUDY 

An att rapt was ~4• to teat a.evoral eypotlt ae.o relatiDa to tr.rain 

ol"ientat!.o in the gro)'lU.lCkos of the No~l Yonaation, (Ordo'V'ician), 

Eastern ev tork. ~or (1960) attempted sWlal" etuey on the sam 

,ot:ra.t. ; be onotrated that a definite relationGhip xitlt d tween the 

~eotion of flov , indicated bJ the sole foatureQ and the preterr d 

oriea.taUon direation of the elongate qu~tz graina, in that theN vas a 

parallelifm of t.ho iJ'ains with the s.ole llal"ka . ~e pr•iu:sent studJ vas sot 

up to test the vnl1d1tJ of tJM followins preaises :­

(a) 	 th • the C(;lQ grain oti•ntat1o~ ~ paral.l4tl to thtt rne 

orl.e-lltatton of the •:ole raar s on the \lase of tbft ~wacke 

'be«&. 

(b) 	 that if the above h;ypotheaie le accepted, imbrication or 

&long te quartz gl'aina can tumioh tba ~th of transport 

ot the sedimon,. 

wan persistent throu$}lolit plU'ticular bede in both a l teral 

d a v.ertical eGAee. 

(d) that ~ain oriefttat~on ie related to ei~e and nbape of the 

sPain~~• 

http:mutmt.tm
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4. 

) $trat+srap8t 

fhe sradod greywaekes otutlied were collected from t .he AueU.n 

Gl n lte be , f the Middle Ordo't"ieian, Wo kill Formation. 'the form... 

ation outcrop in a roughly linoar belt between atoga and Poughkeepsie 

in the Hud on valle7 of tem New Jo.rk Stat • U. J . A. (:tiS• l) The 

fo ation has been cE'inelate4 (t:ts. 2) with tbe Jacksonburg lime ton 

of Eastern Pe.nMyl•ata ~d Northen Nov Jet"~;ey, and with the Kirk.field, 

Amster , ckland and Gl.ena Falls limtuttone o:t the .ohawk valley . 

(Twenhofel et el. 1954) . 

1'he N~rmanskill was llltll d b;y Juedemonn (1909) for tb t)'pieal 

exposure in the Nomanokill valley nenr Y,.rntood, outh of Alban7. 

Rueclen:tart.ll (19:30) otimate4 that the sequence had a mini~~Um tbi.ekaess of 

1000 feet, but later estim3teo at various loca1it1ee susgest that tbe 

thickness ia probably neM'el" aooo teet . Ruode ann dirided it into two 

taember:a; a lowu, the Mount Merino Mtmbel" eonaisting of' cherts ed chalea1 

and an upp~so, th Auatin Glen Me be~ e.ompo ed of gr4tywacke and grey and 

black fthales . The bnsio for this d1Yieioa was the presenca of black che~t 

bbloa in the ~ack o. The Mount Merino bed& aleo contain "the older 

faunal el ·nta. as Ne osasttm £Milia, ind1cat1v of the lower No .... 

skill bedat while thoae of tho AWltin Qlen, beds do not (H'.u'rf theee forma . " 

( ed 1930) . Cr11dd:oe {19.5?) !'enamecl the basal portion ot the Mount 

Merino Membora as the Lower 4 Shalea Member. Berr1 (1962) turth&t" 

6 
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divides tho Normansld.ll Formation into four members. 

Th · gr-eywack .a of the A\letin Gl n r inter ed.ded with grey Md 

block finaUe shales. Rued ·ann (1901) noted features such as eros 

bedding, mud 'b&lls and uad.ed beddin which led him to conclude thet th• 

sedim · ts were allow water 1n origin. te poat.ulated that velocity 

tluctuat1onG p~oduoe the gr JWacke shale couplets. lt s inc b en 

sat!Gtacto~il1 prove4 to oat ologist that the coar ediments were 

t.ra.nsparted by t'W"bi41tf curr(l)n,ts into deep wMter a,reM in vllioh tine 

gndn d sedim.onta were o 1,- 'being depo tted. Evidenc ot turbidity 

current orip.n is iven by gradtld bedding · d bJ the aole mar tingl;l ot 

the I];H:1lfacke, the sharp basal contact d th• gradaUo l upper contact 

of tb.e graywacke with tht:t aho.l s . 

Underl:ing the Nomtm kill 1a tho epkill For ntion ot Low r 

Ordo\fio1c ge . Thi to tion c n iet of u al.te ating . ucce.eaion o£ 

l i meaton •• black gr· ptol1tio ahalee d are¥wackes . 

'rhe IqiiJedorf lo.iOi'lgl · orate appears at th top of tno llo ll 

rom tioD. and vari~;a from three to 50 teet in thiclmess. (Ruedem:mn, 

1942). 

b) Directiog 1 zeature 

The pri 17 di.r ction&l teat~ s. as um.&d to indicate th direction 

of t.1U'bid1ty cu t nov and to which grain orientation wae eom ar&d• re 

the ~ol featUH on the b 4 ot tho srttl'WI'lCkO bed$. 

The sole in th area of stuey reu into throe major cate­

go.rie t a} tlut u~t.t:rks; b) sroove caets; c) chev:roJl mark&. (The reac!er 

is ::e! rr>ed to de .criptiona o! ole llli»'ka by Dzulyn 1-d. and " del" · (1962) .) 

'l'h groove cqts re th meet ab\Uld t ·type ot sole ark iB th• 

http:Normansld.ll
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Normansldll. They are seldoas found alone, but tb.e tlutea and the chevron 

marks aro often found as isolated fe turoa. 

a) Flute m b . 

In the No~anokill several types or flutes are present; 

(i) Simple conical typ~s (Ruoklin. 19:S8), blunt at one end and 

wider and flaring t the other oecuri-od at widely scattered interv ls. It 

was noted tb t ~here the tlutes ver close together they wer parallel to 

each other. The length ot tha;:c.e flutes varie.d fr few inchas to two 

teet . In atner the size ot t!t :;e fluto mark$ w o aervad to be pro• 

:portional tc the thioktU!~M of the bed on vhich they occur. 

(ii) Furrow flutea were oboe~ed locally. (Fig. 'A) 

b) GrooTe o ta 1n the eequenc rang& in nize tl'Onl mmuu·ous taint 

l'idgea to smooth and po.ttemed forms r.lOre than a foot vide and eeveral 

inchoa in depth. They ar gener ly foU!ld in oci tion with flute 

markn. (tig. 3ll.) 

o) Chevl'Dn arks (ti;. 4), were seon :hl two looalitioa onl)'f the pl"e­

oeo.ii by whiob thflte were formed haa nob ret bee aeton ine4. In the 

Austin Gl:en !t DUV uoted that they were totmd in. O&Socisti·on with beds 

of finer uw than tlloee ot th flut• and the groove casts. Pell t-11ke 

llaterial, cofll"aer grained thon tne ~~a1n body ot the s diment co posing 

these f•atur-ea , W;l& found in the chevron marke. 

The flutes ahow th direction of the aoourina cun"ont but it bas 

al.ao 1>~ qu tioned ns to whether th~ .repre nt the direction of trans­

port of the sodiment of tho overlyin 4 . Dsulynaki end Rado~ki (1955) 

Sll:'e ot the opinion thut th ole kin ~ " pro(luced by a turbulent 

<:~urrent, not density -eurrent. The nedimont filling the ecour& aud 
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Fig. 3A: Flute casts; highway 9W, 5 miles south of Ravina. 

Fig. 3B: Flute casts and groove marks. Locality as above. 
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Fig. 4: Chevron marks; the direction of transport is from 

upper left to middle right. 



forming the d above w deposit d by later curr nt which carried 

sediment in auapentJion. Crowell (1958) and Sand•ra (1963) ol.eo favour 

t.bis view, but it s bcten contested by Keunen {195?a) d Keunen ten 

M.at {1958) on the bAai or field evidence. 'l'his must b discussed 

later tor 1t may have importMt illlplic tions 1ft explanation of the 

results obtaine her • 

Rucklin (19}8) observed flutes to to · slightly obliquely to 

the current. c ide (1960) noted that so of the largest flutes 

have deviation of up to 60• b the ner l trend. 

fbe gl"oove cast do not indicate a pec:itic azimuth of curr nt 

tlow an do the flute mnr~a, rather, they in ica~ only PA orientation. 

Only wben inscribing tools are found do the sroove have vector quality. 

such tool have en found by so e workers, ut one w re found in tn. 

No kill by the author or by rertoue worker • Dzulynski Slaoka 

(19.$8) .not d a mull lo at tho one en<l of one sroove. but the usual 

ll fomsU , peobl d s d ghins. 

C) P,al&eOIJ!0£4P!g 

No detaUed study ot the stwcturea indicative of eurr nt 

dir•ction vas made. Howove~, •e ~e~ents of tlut and groove c t 

vere reoor~d at aeve:ral looalitie.... As the greyw.aoke beds are tUted, 

t e now directions of turbidite wer obtained by reorientation of 

the bedt W'lder the as umpti.Oil& that the tectonic rotation wa about an 

axis parall 1 to th trike; and that folding w concentric . lts 

(tig. 5) south of Albant &bow a predominant deriv tion of sed~ nt from 

th eouth. This is in agreement with the results of oor (1900) and 

~id letoo (1965) . At sever~ localities in the aout , for ex ple 



I 

/ 

, 

14 


Fig. 5: Palaeocurrent map of the Normanskill Formation. 
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ine-clif.f Bridge and Poughk epsi , tvo curre t directions re prom­

inent . This sug esta currents both tranaverse and parallel to the axis 

of the baein of deposition. lt i6 probabl t at the turbidity current 

initially flowed tran voreely down the steeper ide lopes of tho basin, 

and then, on reachin. the in proper, turn#d and flowed parallel with 

the b sin axia. :.1. e southerly derivation of the sedi ent i upported b)" 

the evidence (~ed mann, 1942) that tile gref\llacke are thicker and ore 

abundant in the outh than in th north. 

North of Alban7 th pattern of th paleocurrento appc r so •­

what ore complex. 'rh Gole fe ture found in th ar a by th writer, 

afforded, in th aj~rity of cases only n orientation, not a direction. 

Cne locality (tig. 6, no . ?) indicate a derivation the gr yw ckea 

trOll the south. Other cutQ.ropa in the are fu.:rnished e t-w .l.lt 

ori ntation. Middleton (1965) found th~ flov dire-=tions t other ou\­

cropa in the are to indicate current flowin to the north, aortheast 

or t . On thi., basis on can ake tho ssumption that the etu.;t-west 

groove mark wor also formed by current no~tin tow rda the e t . 

On can conclude th t the eurrents so th of Albany flow•d from 

the aouth north of Albany thoy were deflected towardo th northeaot 

qu drant . The appnrent terly trend could :possibl)' be produced by 

errors L~ tho rotation ot th ctrnta bout the strike. ( ey, 1961) 

it h o bean ..,uggssted, ( Zen . 1961• et al) that this northern are ia 

allochthonoUG. 

In thin eotio.n th orman kill eon to conaiet of pOorly 

sorted qu ·t • feldspar, nd Jroek fra ent sot in a microory ·t lline 

atrix. oor (J.960) found the erli e t to be ade .of five major 
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co ponents; a typical ~odal analysis (trom 23 samples) produced the 

following results: 

Quartz 29.0% 

Feldspar 3. 3% 

Clay and rock !ragments 48.0% 

Carbonate 19. 7% 

Heavy minerals 0. 9% 

The grain size of the quartz is generally less than on milli· 

metre in length; it is angular and subangular and shows slight undulatory 

extinction on occasion. Interpenetration. of a sm 11 percentagt of the 

grains , along mutual gain contacts results in low roundness values and 

irregular boundaries . The feldspar grains are angular to subangular and 

have an average grain size of 0. 5 mm~• that is, less than that of the 

quartz grains . The rock fragments consist chiefly of shale , eohilt and 

limestone; they are rounded to subrounded. 

No evidence of the effects of etamorphism are visible in the 

thin sections, indicating that the preferred ~ain orientations cal­

culated are of primary origin. 
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these numbers with the laboratory numbers is seen in 

Table 1 . 



FIELD S PLllO 

~ plea were collooted fro th wide ares as 

possible beoauae th majority of imil tudies have been ewh t 

limited in their geogtaphic extent (fiB• 6) . 

M6asure ent of dip, t~ • thicknees of bed, and. d.i:'ectional. 

features or indi idual turbidit d.epo it were taken i the fi ld. Tho 

a plee were labell•d · d aeasuNment checked. In or od ex­

po l.U'"e, both lateral and ltertioal. sampling or individual beds poe: e sing 

.t-ecoBQ!zable ole teatureo, VM carried out . In •r•uu1 of leas ,good 

expo ure oJ> poor exhibition of ole fe turo only single plea were , 

take • Not all ot the ple l.t re uit bl for inveetigation of ain 

ori. tati011; duri s tb labo tory tudy it w found that particularly 

tho e uples collected troa the tope of the beds posse oed a in size 

lower than the limits s•t for the study. 

a. 	 NO ON 'l.'1lE DIFFEJmNT NUMllERING JY3TEl1S 

As everal diffeNnt n bering y . tems (locnlitie-s ond thin 

ectione) are involved, ehort note will belp to ake th ir differences 

clear. 

Suplea with the prefix GVM or 62 were col1ected bJ Dr. G. V • 

Middl ton, tho o with the prefix D64 'IIHtre collected b7 the writer. The 

number following ither of th se prefixe ia the locality nu r d tb 

capital letter ignifies the bed at th t looalitt• The n bering 

18 
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indicating vertical and: lateral esmpli:ng ia best indicated by a figul"'. 

/ / 

B'a n3b r;-'o 

2 
t~ Q N2b N2e 

N1 a N1b ~r.o I/ 

The small lotte~ indic~tes tho lateral position• and the small number 

€1Vo!'.J the rela.ti¥e ¥tJrtie~ position of the ~pl.e witb r&$p$Ct to those 

above nnd below it. 

A list conelaUng the laboratory numbers with the map r~f.orenee 

~uambe):'~ is soon in Table 1 . 



TABLE 1. 


MAP Rb:FERENCE LABORATORY .R!.'FF.BENCE 
NUMBER NUMBER 

l . 

a. 

4. 

'· 

6. 

8. 

9· 

10. 

ll. 

12. 

s.w. side ot Normanakill 
w at ot Old idge 

HWJ• 9\f, 6 mil s south 
ot R vena. 

liwy. 146, 2 mil s east 
of Clitton P • 

1twy. 40, north of 
Schagt1ooke 

Hwy. 32, 1/2 mile north 
of "' aker Sprinp. 

North end of p 
r terwce 5. 

Diauoed quarr7, west 
ot QQaker vpringa. 

Boad cut outside bove 
qu•n"Y• 

1 - 1~ miles north ot 
4l aker cprinp. 

!?() d to bridge at Kingston, 
enst side of river. 

Western approach to 
Poughkcep i bridse. 

Hwy. 9W, 10 lee fro 
Pouibkeepsie. 

lfua y Rill, hvy . 9W, 
north ot ort Ewen . 

Tivoli lwoy station. 

Minor road between Tivoli 
and Chev-iot . 

D64-l 
GVMl 

D64 - 2 

D64- 3 
u"VM 4 

D64 • 4 
62-3 

D64 ... 5 
62.-10 

D64 - 6 

D64 ... 7 
62-9 

D64- 8 

064- 9 
62-ll 

:064 - 10 

D64 • ll . 

D64 • 1} 

D64 ... 14 

D64 • 15 
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fABLE 1, (eont'd) 

MAP IaFERENC."E LOCATIQ, LAOOltA'fORY r..T.tmf;NCE 
NU tBE.R lWMlUJt 

1/4 au north or locality 
ll b 1! 15. 

D64 - 16 

1~ cut, outh of 
l~orth Germantown.. 

D64 - 17 

~ uth b of "oh wk Riv•r, 
w t ot hwy. 87 bt-1ttp . 

62-1 

Bwy. #.tO, 0 . 7 \llile 
of 4. 

SGUth 62-2 

HWJ" • 40, l/.2 le 
of Non Ea to • 

th 62-4 

.21 . Wst Pawlett railway depot 
cut, Ve ont . 

22. H\17• ,o, outh of Poultney, 
south of bridge, Ve~nt . 

S:t.4e road east of t>Outh 
Poultn y, Vermont. 

62-7 

1 mil outh of So th 
Poul.tn•y, Vermont. 

62-8 
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The direction of strike and dip ot the bede eftd the directional 

feature& were clearly drawn an tho up r surface of each s ple . ~e 

bedding of e ch then et to the horizontal; plea which pos essed 

an un ven base were et in pla.oter of P.ri to retain th bedding alwa,e 

in the horieontal plane. Bqoh s le w then cored verticallr, tru. 

di eter of the core 'being o.S iecheo. 'l'he top and bottom ot e oh core 

was clearly m rked. Asain• the strike and dip, and the directional 

•• auremento re traMforred to the upper urfece ot t9 core. The *• 
of the core was ground e oot and ttoched to thin section gl. as . Measure­

ment(t on the u per a rf ce were tran terre to the glass, (tig. ?A) . The 

core was sawn ott near tb base and the thin section -completed, (fig. ?iS) . 

Errore that may have arieen in tJ>tmeferring m aeurement from the somple 

to the cor•, d I the core to the thin eotion were eheoked d were 

no re than -+ .3 degn o. It is es ential that the 11pp .r surf oe of the 

core alw yo be kept up, and that th• dip ot the st.rata oloo be t on the 

thin eotion. The dip will eiv the beet check that the thin section 

does not become inverted. lt it doeEJ beco inverted a lllirror imas- of 

the grain orient tion will result (fig. ?C) . 

the dir ction of grain ori tatioD had be n determined, 

evoral thin sections were cut (from the core) in vertical plane 

parallel to th prete,re4 grain orientation. Car6 must again bo taken 

to enau" that the thin ection is adeq.uatel;r mark.e4. 

4. TECHNIQUES OF ME JUREMENTS. 

Measurements w•re ade on a p trogr phic icrosco e quipped 

with a cross hair ocul ar and a meChanical point count at • 'rhe east• 
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A 

8 

C 	 N 

Fig. 7: 	 A, core mounted on microglass; B, completed thin section; 

c, mirror image of the orientation obtained if the thin 

section or the core is inverted the true vector is x 0 
, 

the wrong value is (180-x) 0 • 
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west croas heir ocular was used rot rtnce line for the measure ents. 

Meaaurem nts were only taken on quartz aitliS; thi.a contorma with the work 

do e by oor, (1960). ao t t co parisone of t two tudies could b 

made; further, it la important to eaaure only one minel'al. as hydrocb'Mil'liC 

properties ot all erala vu~ d no oaningtul eorr lation could 

attempted if all th mineral types 1n ~ bin ection w re measured. 

'!'he orientation oasured a th t o! th long ttau axis of the 

tlU rtz graln • he ho;ote t i ntercept at ri t ongl s to thu na" axis is 

detinet\ as the ''b" axia. Only t.boae gr.aina with on "a" oxis greater than 

or equal to O.l millimetre, and with an elon tion rntio b/ less t or 

qual to o.? were e ur& • Th ratioa wore ated Visually ( xcopt 

whore otherwi state ) th he aid at a figure (Smoor, 196o, p. l7. ) . 

Objective .election ot the srain w de b)" point counter; onlf 

tboae Ua:ins falling under the cross hairs w r easured. ains Utld r the 

oroso hair tvioe were measu d twice, i . e . , the re ultins ~quenciea are 

vol.'W!(f t.requenoes . 

One hundred me ade per thin etion; Smoor (1960) 

ba4 c culated this to b uflici t . Raup and Miesch, (1957) describe 

m tho4 that can tie use in the field to detQ ine tbe numb r ot muw:nu.~lll· 

of cross otr t di dirootione, n.eoee ar1f to obtain a ignif'ioant average 

diHction tor · are • 'l'bis 1 based on the faet that th$ nW!Iber of 

easure nt needed i approximately proportion · to their tandard dev• 

iation. They oorwtru.cted a table tor tbi purpo e . Th max · standard 

deviation obtained in th pr aent atu¢1 is 49 degree • Comparing this with 

the t bl e it indicat e. that the miniawl:l tlWllber of gr ina required in order 

to obte.in a ood es 1 te of the grain orientation is 91. 'l'h confidence 



limits of the resultant ., etor are -+ 10 degr ea. 

Size eaaur~ments w re ma e on the adow Master micro-projector 

usin a gr-id sy te tor objective choicat of rain.a. Only those grains 

falling on the intersection of the grid lines were me sur d. The !in st 

measurement waa 5 pbi . 

titative ohap an lysis was ade on six thin ectiona b1 

measuring both the long "a" ~s cmd the ehox-t "b" axis and de" ining 

the ratio b/ , tor each srain•. 

'l.'he orientations resulting from each thin section analysis eu:e 

represent d graphically b,- rose diagrar..ts . 'l'h number of readings per 

20 degree claas interval ie calculated and plotted at the centroe of that 

class . The rrow on each diagr represents th direction of tlow as 

indicated by the sole feature ; the small line represents the vector 

ean of the grain orientation. Rose d1 gl"ams of thin sections tak n 

fro the s e bed ar drawn in th ir natural relationship with th 

6. 

As a obeok on the subjectivity that y ari in such ~¥peri-

ment te t were run to determine the agnitud•• it any, of o rator 

noor in the grain OJ:'iont tion. 

(a) FOyt different ORer tgra. 

Two thin -ections 62 332 d 62 ~4. cut fr different inter­

val in the s d., w re examined ey four op rato.rs - - upn, •'})•• t ••an 

and npu. They s.eleoted and me eured one hundred gt"ainu in each thin 

section by point counter~ ( aiM wen measured 1n the ann r deacrib d 

http:diagrar..ts


ar:lier.) After a period ot tour weeks the exper · ent wa& r peat d on 

the a thin e ot1ons . e results ar• seen in T ble 2. Orientation 

distributions are graphically represented in ti.gunn 8 and 9. 

The at w e subject d to an al.,ysis of vari nee (Dixon d 

Haa ey, .PP• 16'-167) . 'rhe teat vas deci 4 to atte pt to an OG th 

followi a hypotheae t 

1) ~ 1 'there 1 no interaction. i . e •. operatora ar conaiatent fr 

tbi.n eoct1on to thin aeotio • 

11) s2a Thin section ett ota are zero. 

ill) H}; Oper tor .effects are zero. 

fhe reeult. of the analysis ar eel\ in ' ble ' · 

TABLE J 

Source of Var-iation s.s. t M.s. '0.95 

Thin Section 211?0., 1 21170. 5 149.8' 4.84 

Operators 229. 5 ' 76.5 0.54 3.59 

Interaction 82.0 3 Z?., 0. 24 4.07 

t btotal Zl.4S2.0 7 

Un sign d errore 1022.0 8 111+.o 

otal 22494.0 15 
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TABLE 2. 

Opera.tor 623J2 62 N4 . 
i'riall trial 2 Trlall . 1'rial 2 

& L e L 6 9 e L & L 6.& 

p 46 4lc2 41 26.8 5· 107 18.5 U6 1?. 9 9 

D 4} a., 19.5 10 u; 23. 3 114 26. 9 1'' 
G 30 0.9 71 8.) 41 116 ;50. } 122 ,,.6 6 

F 39 24.7 :;:; 20.6 6 118 20. :; 110 30.'7 8 

Average 37.7 22.0 46 18.8 15.5 114 2}. } 113 21.? 6.0 

~ 
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ORIENTATION FREQUENCY DIAGRAMS ON SECTION 

623J2 BY FOUR OPERATORS 

I 

D 

/ 

G 

F 

20 f'oint count 2Point count 0 
Grains 

Figure 8 



ORI~NTATION FREQUENCY DIAGRAMS ON SECTION 

6 23J4 BY FOUR OPERATORS 

p 

D 

G 

F 

Point count 2Point count 1 0 20 
Groins I 

Figure 9. 
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Th teeta indicat d that there was no interaction. This is 

graphically represented b7 plotting the circular eans and the measures 

of disperaion against the o e~ator • (fi · • 10 an ll.) In ection 

62 3J2, operator P consist ntly ove th an valu of }X)th th 

orientation and the dispersion. All re ·ults of operator D 11 around 

the mean valuee. In seoU 62 >12 operator Gis inccmsietent in hi 

· e o nsist ntly abo• the aver se tor both 

orient tion and dis rsion . Operator F showe dispersion values a little 

bove the ver . J his ori tation r sults are scattered around th aver­

ap. Oper ter P and D h 4 had p.rcwiou · experi n.c in t U.s type of 

x erim nt. while it was the first time that operators G d F had 

tte pt d such me ur nt • 

&I tho ba&i of th alysi we ay accept ~. Teatinc 112 in­

dtc•t•a thnt the thin section etteota are not :ero; this was alized 

before the xperiraent va undertaken. The third hypothesis i ecepted: 

there 1a no operator etr ct . 

A further te t w don on the eonei tency of the operators. 


Use wae a e ot the statistic 


t a fi
!'!' 

(Oatle, P• 121) 
-s· n 

here l) = th ever ge diffex-enc of the two 

aaur nts ade by the oper tor 

sn .. the tandar4 d viation or these 

difference • 

This showed that there was no ignificant difference between th p ired 

valu s t the 90 p r cent lev 1 . 
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SECTIO N 623J2 
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Thin section X operators for circular mean orientation 

(upper graph) and for circular dispersion (lower graph). 
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SECTION 623J4 


A 
130j 

1.1) 
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UJ 
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w 1200 
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z 
0 --- Point count 1 I- 110 
4: 
I-
z - - - Point count 2 · 
~ 
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~ 

100 
p D G F 

OPERATOR 

40 
B 

3 

---Point count 1 
20 

- - - Point count 2 

10~-------------------------------
p D G F 

OPERATOR 

Fig. 11: 	 Thin section X operators for circular mean orientation 

(upper graph) arid for circular dispersion (lower graph). 
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The er r of th circul r e pref rred ori ntation of all 

t e diff r nt o orators 18 expr ~ithin 

which 9 

op r 

of all fUture dete 

tor wlll be . • 
made on the -&• ia the beet ai le e t1 ate 

• 
e confide c interval tor the ov rall ea were calc 1 ted; 

th e indicate how ure on c b that t e t~ populatio & ia 

own tr • The1 ar c lculated fro 

vh re the n er of ~~rater 

In t section 62 3J2, trial l these int rval at th 

95~ rob bility level to be 37.1• ! 9.6° , 1n tri 1 2, 46•! 9. 2•; a ction 

62 3J4 t ial 1 confidence intervale r 114•! 8.8•, trial 2, 113• ! .8•. 

• nfidenc limit for the experia nt 

(b) 

In order to eval ate t coneietency ot the writer in dete inin 

grain orient tio five thin eectio 

t e interval bet een th fir t d 1 t lr ia v or t he ord4tr ot 

ight vee • i~e orientat1o ar lotte in 12. 

Fi rea l3A, 13 d 4iap rsione plott d against the thin 

aectio • b re ul n dat are bown in ble 4. 
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Point count 1 	 Point count 2 

' 


/ 

"'­

62- 5A3 

623J2 

62- 28 

0 20 
Grains 

Fig. 12: 	 Orientation frequency distributions for duplicate 

analysis on five thin sections. 



Fig. 13• Circular means (upper graph) mul dispereions (low~r sraph) 

for f'ive thin •ecU.ons. 
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A ! - teet for pair~d observations (Oatle p. 121) w~s run on 

the dat • 'Iho v lno of .&, for the above data i 0.026. Therefore the 

hypothe is, that the means are equal, was accepted. 

The data wan also subjected to au on ~ai of variance. (Table 5). 

S8 4.f MS "0.95 

Between po:t.r.t count& 96.1 1 96.1 0.19 5·99 

S.tween thin section :!6'702.6 66?6.6 8,.2 4 ,.!);5

"' 

eidual 481.4 6 so.a 

Total 26,S .1 u 

fhJla indicated that the wu no di:fforence between the vector 

mentuh 'rhio i.e :i.o. agee nt with the resultu obtaine4 f:>or.t ~be ! ... teat. 

Confidence limite ver-a calculated o.e betorot tbestt limits fOl' t.he 

(c) !'UR~:tastion analX:fd.§ oe different sicrosc:g,ee • 

A further dupl1c$tion anolyois was done on eix thin s ctiona 

taken fro= the sam~ be4. ~e aly 1a w perfo~ed in duplicate on 

the"'!e sections, using two diftftre.nt m1ero.ecopes, the fi:rat was that 

utilized tllrcnaghQVt the .rJtudy u.eing a X50 r.e.pitieetioa. The second waa 

;a binoeu.lar r.d.croecope vith n25 maGnification. The purpoa4! behind 

http:diftftre.nt


th t it a~ thou t t t th all r atns a roach­

1 0.1 mill t e fir t 

meuur nts . e result in abl 6, d tb istribution 

aphicall)r repre nte 1n 'i 14. 

~ 6. 

ectiog oint count 2 

L L 6 & 

4 1 128 ·5 99 27.9 .29 

4 14 ,..7 122 13.9 22. 

4N3 136 ,,.9 1)8 .9 2 

4 1 1 l,.s 99 10.? 41 

4 2o 167 37.9 182 :3().8 1' 

'+ 'o 6o ,2., 90 26.5 ..2L. 

v. 23 

re ult we~• ubjeo to t ­- te t befo • • hyrothe 1a 

at the ean are qual i cepte • 

0 data. • re ulte ~ seen 

in .~. ble ?. 

.~oABL ?. 

urce of r !)S df KS F0.95 

w 12622.8 ' 2525.5 4.1 , .05 

Col .50.4 l ,50.4 o.6 6.61 

· idual 30 ?.1 60}. 4 ' 
Totel 15690.3 u 

h tcypothes that th •ector an ar equal u coepted. 
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Fig. 14: Orientation frequency distributions mea5ured in duplicate on six ~hin sections. 
\0 "' 




t t the 1 1 er e in t egre t 

bi 0 ality 0 t ib t1o on th aecon oint count. ( ig. 1 ). 

It ler 

aine, w ich have o sibly different ori ntation th the larger 

Conf'id ce limit fol' thi x rim t e e 
-

-
+ 8.6•.• 

(d) 

e co fi eno cl t ­

other, ein ., + 9° t - 8 6° • d •a 6• •
Cti elv .- • • - • 

A ea ure of personAl o ~iB ency c e qu lita iv ly j dged 

by c (t1at ta, th alu a of 

ctton.) with tho co ti nc 11 it • Only o 

t n o t or ti a vector w o e differ nee• 

th con id co limit . thie p ticul r thin ection 62 2 

:ticant orient tion t the 90 level. 

th t whole e riaent w 6.8•, el wit t co of 

two ic 

th r variable en br u t in. 

con id c limitafor this experiment are ! 8.6•. Table 6 indic te 

that nl7 one thi •ction out of ix fell wit tn a li 1te. It 

n 1c able that the coar ectio , 4 b an 4~c. taken at th b ae 

of cl e ov ery hi a.bae of 6. • 'l'hi du to t e tact 

tha in point c nt 1, it a lower ver d lense, th 11 r rr ott 

ot ounte • Although t t t th 

t, e n tion of fi ro 14. indic t that tbe p ttern of 

ori tation d the n ral vector direct1on doe ot v r.y uoh 

Table 6 



I 

Atl 

• avera confi enc limits for th r rat exp ri cnt are 

e.: 8.9·. 4 6 & =1 .?·. The v lues of the obte.ined 'by th writer 

t second e ri ent lo r . Th se indic te that the writ r• 

\ 


e ure • t e can be co idar accurat 	 A turth r • 
I 

teat of co t nc1 and aecurao1 i furni d i the firet ox rim•nt by 

c uthor• v lu e with tho e of the thre other oper to a . 

r (196o) ran a eimil r xp r~ t to th first one her de ­ 'I 

cri ed, ing fiv operators in te of to Hi Yalue of avera ', b• 

1 6.,.. d 	 du lication 
I 

analyaia resulte the conti no interval, I'	\~ 
\-&.-+ 

?. 6·. ew at low r th t at in t 	 {' -.~\' 
I 

xperim nta, 

t dy 1 at r than t at of r ' a, which will account for 
I, 

\ 

the higher valu ot t:. • \ 

ot l a t 

e co ider d s no - significant , if the orientation dare 

stati tically ai ificant t the 90 level . 



... L'l' • 

1. 

Initially, ai gle thin 8 ctions, cut in the pl 

to ding• ver tudied in eh b d. These bo~e no eorrel tion with, 

or co sietent d viaticn t: th az th of the sole eaturee. 

were the e ined otb laterally •ertieally in an atte pt to ­

plai~ th lac of corr 1 tion; but it w&~ found that with thia thod 

of lj plin too, h devi tions ot the grain ori ntation fr0111 the ole 

fe t re vere inconsistent both in n ertieal d a l toral oense. OnlJ 

few bed ahow n1 eo istent vi tion of th grain ori tation f 

the ol •~ • 

Where 8 od referred orient tion was found, a section wa cut 

the lane parallel to this and nor al to bedding, in or er to 11 aeure 

iabric•tion or th in • 

2. ORlENT TrOIS 

a) the aole. 

or eighty-five thin ecti ns eut arallel with th bedding 

l e no constant relationahi b tw en th n orientation nd the 

ol t tur s oould b i eerned. Only 14 ho d no tatistieal dev­

i tion the ol • Fol'"ty p r c t of th t hin eetions d onstrated 

an entiolockwia deviatio from tho ol , ixty pot- cent er clockwie • 



F~re 15 shows the deYiat1on of each significantly preferred ori~nt-

ation trot~ th.e ~ole mark ne(t;r the point at which each section was made. 

There is an obvious absence of deviation i n the • ?O• to - 90• antiol ockwise 

range . -?o• to +90 there is no obvious '#Vidence ot clustering, 

eusgeating that there ia M singular-ly preterrod deviation. 'this is in 

disagreement with the work of Spotta (1964} who found the mean prefel'Tt)d 

ori.entatioa to deviate more or lose conatent:ly by 40 to 6o degrees hom 

the aole arks. 

c• ctions cut from di!forent beds at the s mne l ocality generally 

aho~ onlr one or other senee of' deviation. flection 01.1t a.t loclality 

62 ll (F:i.s. 16) all show a definite ant:iolookwise mov•ment trom the nolo , 

with the anSU).er divergence being Z5 to 75 desrees. S plea fro outcrop 

<r'l 4 (J'lg. 16) show lese COJ).$istent deviations . t.ll these eections were 

cut 4 centimetrefl abo..,e the bane of each bed studied. The deviation of b, 

at this particular ho:t"izcn in the bed ean be considered ze:ro , as 1t falls 

within the confideno limits st ted in the teat :run tor operator error. 

Oth r ex - plea are hown in F1sure 17" SectionG fro 62 ll tm.d. 62 2 both 

demon&tr te an antioloek~~e d viationf 62 9 has a olookvise aense of 

r-otation; eectione trom lo~aliU.t:W.J OVM4 Md 62: 10 show both se.nttt.18 of 

deviation. 

The resUlts shov that 041Cb locality h a t ndency to po$S sa 

only one Genae of deviation of th grain orientation fro the sole J"ks , 

but thitil may be d.ue. to th SfMll ample aiee, eeriea of sa:mples taken 

ver tically f.rom within a bed ohow both senses ot deviation from the sole 

ma:"ka . 

http:se.nttt.18
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-90 

+90 

Fig. 15: 	 Deviation of all significantly preferred 

grain orientations from the sole features. 



62 11 

GVM4 

Fig. 16: 	 Current directions in the outcrops 62 11 and GVM 4, as 

indicated by the sole features (inner circle), and by 

.the preferred orientation of quartz grains in thin 

sect'ion (outer circle). · Each line represents measure­

ments taken from ·different beds at each locality. 



62 2 


62 9 


62 10 


Fig. 1?: Current directions in the outcrops 62-2, 62-9 and 62-10, 


as indicated by the sole features (inner circle) and the 


·preferred orientation of quartz grains in thin section 


(outer circle). Each line represents measurements taken 


from different beds .at each locality. 




b) peviation ~ith relatiQn to height above the ,b,e4,. 

'l'he relationship of thin .oeot:lona cut from individual becla t 

different vertical intervale showed no consistent pattern. 

Inas!Jl\tttb u orientation withi.n diffe-rent beds of dif!erent 

thickneae had to be compar d , the Jl!lCentap heisnt above the base of 

the bed WM determined tor each an&lyr.ed thin ectio.n. !'o.r- all thin 

eectiona tho deviation of the grain orientation :fx-o the sole features 

waa plot ted a . .inst tne pe:roent ge height at which tbe thin section wu 

ct.at . (F1Sto 16) • ':his tends to indi·cate t at the a:dmum deviation t;en• 

erell~ occ1.nT od at the baae of tho bed. In th up~r portions of the 

bed th0r.e u a sre•tor ten4enoy to cluetering clotter to tho cole azimuth. 

'rbia ~ be due to the lower a~ple si~e taken at this height; only 

se:ven thin ections above the 90% heigh:t weJre auita'ble for enalyaio, 

Gince others at tbiu b.eight po eased a grain size lower than the lindts 

set for tb &tu4y. 

F~sure l~ demo~at:rateo that the deviations upYard in a bod do 

not tollo:w a Ginele pattttrn, i' cb beet •as towd to have its own ~culiar 

Hlat1on&hipe at diff«UI'ent h~lghte above the base ot th~ bed. D viation 

with reap et to the sole va'l!..'if f!'OJ:l clookwia.e to anticlockwi~ tdthin in­

diviG>.tel "e~s . At th bMe of the e'tl, where l'li!UCitaum deviations tend to 

ooeu.r-. the highest percentage of non-si{91l.ficantly preferred orient tions 

is also found . This maxi uua devi~tion at the base could be explained b7 

the .interference of mic:r.orelief on the Wlderqirlg beds or by the hish 

1nteno1t:,r of turbulence in t.his portion of the history or the curr-eat . 

Tb.o etoreping considered only th sense of deviation of the 

srain orientation with respect to the sole a~ke. The sense of rotatiou 

http:an&lyr.ed
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DEVIATION FROM TH E SOLE IN DEGR EE S 

Fig. 18: Deviation of grain orientation from the sole with relation to 


height above the beds . 
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Fig. 19: Deviations of the grain orientation from the sole , in 
/ '·'· ' 

different beds, at different heights within the beds . 
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fro one vector e n with res. ct to anot er can also be considered. 

ex ple i attor ed by aections cut ro bed 62 3J (Fig. 20), C? c • 

thick a d ha ing flow rkin on the base at 6?• . h fir t section, 

cut at tvo centi etres abov the base, ha a ~ref•rred orientation or 

15.5° • ving a cloekvi .e devi tion of 88° fro t .e ole maAr • The 

econd thin section at 10 centi etres 8bove t e b se, re ult Q 1a a 

vector ean ot 41•, whicl i 6ln anticlock:wi.... deviation of 26• from 

Ul sol , and 66• clockwise rz·om the previous s ction. (Connidering 

only a deviation or 90•.) Th t.ird G ction cut t 18 centi­

metre above the b gav a valu of 130°, clo kwi . :tro the cole b)' 

?3° nd no al to the previo ootion. Finally the fourtA section 

has cloc viae deviation of ~3° f.ro th sole but 20° fro th third 

eotion. 

These dat sugge t that eingl uples taken fro a b d do not 

giv• a true ropro &ntative oriontntion of the b d. In the pre nt etudy 

on c t v confidently 1nterpolat~ tho ori ntntion betw e the 

e~~1t at which the vector m nn~ h ve be~n calculated. 

oth r eJc ple is served by sectiooo out fro bed D64 JA. 

(Fig. 21) The lowe t thin a et·on cut t 4 c ntimetroa above th base 

of t o bed, total tbicknea l centi etreG 9 baa aean vector ot 

(89 ! 8)~ clockwi e (2} ! 8} 0 fr the sole . The s co.nd i at (19 ! 8)• , 

anticlockwioe fro the sole the previous section. the thir is 

b o al with vector an ot (72! 9) 0 
, clockwi e from tho sol 

>1 11 • x pl w re found th!'cUl);l'iout t study. Without 

givin furth r vid nc • thoee ill trated h re ad qu tely indicate 
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62 3J4 
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62 3J3 
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Bcms \ 

... 

62 3J2 

8cms 
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62 3J1 

0 20 

Grains 

Fig. 20: Orientation frequency distributions in bed 62 3J . 
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,. 064 3~a 

44cms 

064 3;a 

65cms 

l 
0 20 

Groins 

Fig. 21: Orientation frequency distributions for three sections 

cut from bed D64 3A. 



•• 

lac o! .. lationahip or in ori ntation with t ole upvar 

throu a turbidit ed. 

c) plea at closelz 

ere cut t.ro leTe et only a tev cent otre 

above e oh ot er within a e4. ectio fro D64 14A, D64 l5A d 

064 16A servo aa x ple • ori ati na cu\ tr 15A ar. ot 

ficantlJ different fr a unifo d1 tri utio at the go• leTela 

th vector mean t 15 1b 1 (131. 9 ! 9. 6) 0 , dot l5A2b, 3 c nti etrea 

bove ie (148., ! 9.6)•. th vnrJin onlJ 17•. (Fie;. 2Z) . • low 1" 
1 

e ction h a etron r b th up r, thou t •1 ar th 

l6A bot 

aignific tly preferred ori.nt tion ( i • 2,) . e vootor e a re 

(186.1 ! ?.8)• d (201.3! ?.8J• , iffering only by 15•. tun in 

th ectio f D64 l5Ab, ectiona fr l4Ao o how a h1 

de • ot die r io • Yet, o ra e ori ntationa . e observed in the 

'aecti out at 3, 7 an 13 centilletr bove the b e of bed, 19 

c ti etre thick. ( ig. 24) . 

bed D64 l?A ( • 2,5) to thin ct1ons we cut t 3 

cantimet abo e each other. The ple d 

different low • r a n the b e; one, l flut 108•, d the other. 

groove cast at 333• . 

d o at ortion of th flut c t . This oeetion h d a vect~r an of 

rall lin th direction of the e e botto 

firat eotion t en a ov• th flute d in t e in body ot t turbidite 

deposit, ahowe ud e deviation o the low•r fabric , he 1ng a vector 

ot (3~2! 9)• , nov ap 1 tins tho oricntat1o of the ov ~ 

4 + )(333•) . A • b a result t vector ot (2.0 • 9 • which corre on with 
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o64 15Ab 

0 20 
Groins 

Fig. 22: Orientation frequency distributions of two thin sections 

from bed D64 15A. 



064 16A~ 

3 .5cms 
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0 20 I 

Grains 

Fig. 23: Orientation frequency distributions of two sections 

cut from bed D64 16A. 
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064 14A~ 
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\. I 
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1
064 14Aa 

0 20 
Groins 

Fig. 24: Orientation frequency distribution of sections cut from 

.bed D64 14A. 
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Fig. 25: Orientation frequency distribution for section cut from D64 17. 
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neither of the ole features, but it doeo hAVe a aecon.daey 1110de eltl.o&t 

p~lel to that ot the Si"COVea. The ori ntation above th nut hu 

a lower degr · ot diopersioa than thos sectioas wi.thiu th £lutes. 

Yet, even in the lo-we t ·eotion there is eeeondary ode again par... 

Ulelirlg the groov ur •. 

~· reaul t ausgast that th• fabric 1a mo.re olosely related to 

the flow produoinl the ~ove casta than to that which acoure4 the 

tlutea . Such J"eeUlts sugpet that the tl.ute caete 111e:n toned 0,. an 

early eroding curr nt wbicb passed o~er the area prior t that on~ which 

produced tho groove d deposited th e diment. The !lutes, linear 

hollow • imposed certain restraint on the seo01111 ourrent • producing " 

local ortente.U.on :parallel. to the t1: tA ita•lr. 

Sample tl64 2&\ was the eu'bj et of t:dailer atud:f . Dt,le to the 

U size of the sedwnt 111 this a pl • only the twa low&r aect1®~J 

vere adequate for ~nation. I a . e po · ·ssed tvo 1 (3 inches 

wide, 1,5 tncben •p) flvte marka on tM! baae whose direction was 110•, 

aad sruller SJ"'O'Ye . wi<th a direction ot 140•. ibe low.r section v 

cut from within th& tlut Md the vector ftlf!an W«UJ (10!: ?.8)<>. 'rbe 

• "thin section. vaa t en above the tlut an« little a ove the 

P'~•• Q~-J ibe veo.t.or aan wu (24 ! 9.6)•. Both the e re ulta 

tb. · a:re different t1.-o the sole rea<linge, and tb• resulta totm in 

the above IJiUdJ mq 'be fol"tuitoua., 

http:veo.t.or
http:ortente.U.on


1 

d) pevft.ation vith relation to di Jaersl<m of, or:1enta~1o,s.. 

Figure 26 showa the laok of rele.t.ionehi.p ot the angle of <leviation 

fro the ole vi.th th measure of di pereion, L, in all sections. Nowhere 

there any evid.e ce or cluotering which would incl1cate that particule 

deviations have a apecitic meaaur o dispe ion. The higher the value 

ot L, the lower i th seattet" aro d. th vector mean. There is a slight 

tendency tor the mmmum 4i~!ipersion to be correlated with the sr&atelr 

deviation ho the aole . The higbe t 'V'al.Ue or L ehow lower devtatiO'D 

trom the sole but the er deviations al d monatrate a low value 

ott. 

i1sure 2? represents plots of sections cut within individual 

beds. Tlli• illu&tr.ate that there b no comdJ~~ter;,t pattern witbin the 

bed$. 

e) Relatiga hip gf dispersion ~th,heieht bovs the b!ee of th d. 

F.xa plea o be een 111 Fi r 28 hioh chow the circular die• 

tribut.ions of six thin sections. Section fl'o:u bed D64 9A d monstrate 

au increase in disperaioa upwards ~hrougb the bei, whereas those from 

n64 9C tend. to d.eoreas in di&pere1o~:~ upva.ras .• 

The v tor 1tude plotte a Ainnt the per cent h i t bove 

the base of th bed ai ill shotr~e l. ek of relationehi • (Fig. 29) . 

The vector magnitude is plott d asatnst the percentage height, 

tor &everal ditt rent boas , (J'.tg. 30} . 'L'heso indicate that l.lpwurd$ b 

the bed there appears a light tendency tor deere se in diop r- ion value 

upwards . Section from GV~4 and D64 9C both show e deere. se in die­

peraion (i .e . incre se 1n th value of t) it the ore central portion 

or the bed. ru as;reea with the euppoeition. put forward previouoly. 
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• · DEVIATION fROM THE SOLE IN DEGREES 

Fig. 26: Deviation from the sole marks plotted against the dispersion of each 

thin section. 
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Fig. 27: Deviation from the sole against dispersion 

for five beds o 
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Fig. 28: Orientation frequency distributions for six thin sections from locality D64 9; 
three from bed A and three from c. ~ 
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Fig. 30: Height above the base of the bed, at which thin 

sections were cut, against the measure of dis.persion 

of each respective section, for six beds . 



o sit ~ tr nd. 

It appe , in ne:ral, that the e;r- in orientation 

diG r ion at th b e of the d. Tbi ue to the feet t t 

oedtmentatio in th early ata a of the epoaitional ph e of th flow 

ay be quicker d ina q not ave tiJD to orie t the 

poottio of stability with re ect to th flow fore the next l 1 r of 

the ed1 nt i de osited. 

r na the p ition of the i dle rtio of the b d the Y 1­

ocity or the tlow hould hav w ed to oae e tent d the ains 1181 

r ain t th 1t1onal int rf ce tor a long r period allowing 

ufticient t e for tl1 to e oriented tter. 

In the b1 er rtion of the bed the extern conditio of 

the local nviro nt c 1D.to plQ1. ua if there is 1 

local current this will ten to eorientate t e again Yith th 

po aibility of inc in th d1 pereio • 

f) ~ riation LaterallY 

ev ral be were tudied in an att t o deter ne if lateral 

relatio of a1 orie t tto se observe 1D. 

th v ~tical en •· 

Nine seotio a were cut 4 • Thin eoti wer cut 

1 a natural err ent or rowa ( orizontal) and col a (vertic • e 

columna w r 300 cen 1a tr ap rt an the ov 6 

( ig. 31). dir tion ot th ole v so•. e ori nt­

ation ot 100 '1 point counting, were eaoured in each 

ot tb 9 ectio • The re ulte are en in Table 8, d their orient• 

ati n diatri ution in f1 re )1 . 
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Fig. 31: Orientation frequency distributions forninethin sections cut from bed D64 4N. 
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fA 8. 

e• eotion Thin ction • 
38.7• 4N-'b 138.9· 4 3c ro.o• 
74.1• 4. b 144.a• 4 2c 167.6• 

ll · ' 4 1b .6• 4 1 c l40.o• 

le ao• l• ao• le ao• 

e a a w aubjecte t an analyai ce; the r sult 

eed in t bl lA or the A endix <t• 93 ). The7 indicate 

that t ere io difference b tveen the col a or betw en th rowe. 

This plie th t th re are no co o trends to ither the row or the 

col • To teat for diff re ee 1 th an · of e h adj c nt p ir the 

ta vas subjected to the t - t st ( xo-

ult are a ul ted in T bl 2A or the This indicat d th t 

only thin aectio d 4 3b c be co idere to h ve equal •• • 

ubjeoted to a ilar te to . e 

velu a of hi 11 ure are seen in Table 9. 

'l'AULE 9 . 

~hin ction L ection t Thin ection L 

• 

4 '· 53.? 4 'b 33.9 4 3c 32.0 

4 2a 38.9 4~b 34.7 4n2c 

4 • 31.5 4;-b 2:!.9 4rt-c 13.8 

a re ul of th enalyaia or v ri ce o (ap ndi-X, 

'fable 3A, P• 94 ) 1 dicate that th r 1s 0 gniticant difference be­

tween the 41 peraion ea , at th 95• prob bility leYel. It is notic abl , 

37.9 



6? 


nevertheless, th t the lowest valu ot L occur at the ba e of tho b ds 

uggesting that this i the ponition of Xi diaper ion. 

Similar · tudie v re c rried o t on ple D64 ~A . The col 

were 180 centimetre apart and t row. 51 ce ti tr s . The values of 

are een in Table 10. 

TABL'& 10. 

'thin section e• Thin ection e• 

) 'a '72 .0 3A3b ?6.3 

-,.A2a 19. 3 3A~ 68.4 

3A1 a 89.0 'Al 80.0 

Sole 66 Sole 66 

he result of the alysis of variance are a n in Table 4A 1 

(App ~dix, P• 94 ). This a ain show no significant difference b ­

tveen the row and colu. ans. ReGUlt of the !. - t st o th dat 

are aeen in T ble 5A, (Appendix, p. 94 ) . the~e indioat that the 

only si ific t ent betwee eana is betveen sections 3A3b and 

13,A~, 3A~ and 3A1b, 3A'a nd 3A~; and )A1a and 3A b. I other woJ"d.s, 

2only thin ection 3A diff signific tly t: those adjacent to it. 

All othe var.r a max $ of 23• clockwise fro th ool • In this bed 

there the.n appeara certain de e of co iet nq in the vector eane 

and consequ ntly 1n the deviation of the grain ori nt tion fro the 

sole marke. 

Sectiona tr bed D64 lOA ·ere treated in the s nner. The 

hor1~ontal di tance b tween the Gectione is 200 o ntta&tre • and the 

vertical di t ce ' cent otres . The v lu of the •ector an are 
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een in t lo 11 d the r ulte ar repro 1 in F1 • 32. 

TA u 

Thin eetion 

lOA2a 

lOA1a 

& 

333.8 

339.0 

lOA~ 

lOA1b 

uale :500 :ole 

o previo ex rimente • would ex ect th vertical otiona 

to or r re lt , it lre dy en not th t 

t e cb se of vector e 1n a short vertic • 

ttvlJ.a unusual phe.......~.....u.o t that the eectio , considered 1n hori­

zontal ae oe ent . It ia lao 

n t d tbot t directio of the flutes on the or thi b d al 

coincid quite olo el1 with the val e~ of th vector e s; th flute 

diff r fro he and ctor e bJ 332. 9• . esult of th ! - test o 

vector eon in 'able 8A. oor (l96o} cut aix thin s ctione 

two col • 15 c part . e v rtical diet co between the thin 

ectiono wae 4 em. aly 1e of vari ce indicated that vertical vari tion 

w 1~f1cant at tb 95 level. o l teral veri tion however could be 

of the two low at thin eeotio tn each 

col were within l'" of th our ent d.ir ctio indicated bJ flute 

caat • ) He explain. d tbJ. ph o e1n1 bJ ••ree di ent tion proce a" in 

of the bed l'lft r de o itio , or bJ deviating current 

di ction in the "tail11 of the tur idit1 curr nt . 

Th result of e D64 3A d D64 10 coincide ore cloeel7 

vit tho e of' StaoO • yet D64 4 sho no rel tio hi , ither laterallJ 
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Origin\ \ 

D64 10A2a D64 10A2b 
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Fig. 32: Orientation· frequency distributions for four sections cut from bed D64 lOA. 
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or vertic ly. 


g) 1 tion of grain d haee to orient tion. 


tat tb t th orientation is influenced by the degree 

ot elon ation of the articl o. In experi ntal tudie he found there 

was an i.ncre s in the degree of eli p rsion a ound th pr ferred direction 

of orie tation sph ricity iner ased. The corr l tion 1 low d 1 

ocounted for by th wid spre d of pheric ti 1n th aand w th which 

be w e:.cperim ntin • S oor (1960) found tl t the ore elong t d groin 

tend d to be nearly parallel to the fluid flow dir ction, which in hi 

c ae w s par llel to the aole ka . H found r lationsbip b t een 

eize and degree of ori ntatio of the ai ere 1 apparent . 

To follow up t he e result , sections fro D64 4N wer cho en 

for deteil d tud7 of the relation of ain ize, elon t ion d 

ori tation. Len h, breadth d ori nt tion e me eured on n 

hundr d in in each thin s ction. Elong tion. defined a br adth 

ov r 1 ngth, was also calculated for ach grain chosen; (it uet be 

ered that th ater the elon tio , the er th r tio valu 

Yill b ). The ori t tio distributio s ars represente in 1ge. 338 • }SB. 

There io no signific t difference in the mean in size at 

different point in t a e ed. (! le 7A
7 

a pen ix P• 95 ) • The only 

gradin of et tistic 1 significance is that of m g~ n siz whioh 

d creases fro the botto to th top of th bed. Cumulativ eun a of 

th grain ai e (Fi • 39, 4o) do not plot tr 1 nt linea on probabllit;r 

paper but a ali tly conv x u curves . This indicat s th t the sed ents 

are slir.;htl1 positi elr keYed. 'l'h e reeult gre ith those of 

Middleton (1962) ~ 



Fig. ' ' - :;8 

A. represents th• circular plot of maximum length 

(outer polygon) «nd bl-eadth (black polygon) for 

each zoo class interval . 

a. represent the cireullU' plot tor 

per ao• claas tnter.al . 

u1mum elongation 

0. Grain orientation 

D. Average length (outer pol1$0ll:) and breadth ('black 

pol,-gon) per 20° class interval . 
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Fig. 39: Cumulative curves of size distribution. 
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Similarly th re 1s no ai ficant differ ce etveen the av r 

elon io incro e to-

or • cl 1 terval t o axi l n th v deter• 

d plott d idpoint ot that ol i tenal. ( e 

out r pol,­ of i • 3 - )BA) . Si il rlr the vera le h, -
d ver ge b.r dt were lott cl. an elongation U.•• . the 

Yal e for b/a ) d v ra elon tion were also calcul ted tor 

each cl ott in a ai.mill).l" ta&hio • ( • '' - 38, 
t e epha it can b ee n t t the only outstanding correl­

atio existing wit that or th ori ntation dietributio (C) te th t 

. ~ 1
of axi elongation. ( ) • r ction ~ c wb ch shows a atrong bi dal1ty, 

the corr lat1o • 

bre clt haYe a li~t tendency 

to correlation with the uain orie t ·tio , in th t plot• of !RC;l;.ILI.IOI\UII 

and br dth coincid with the pref rre orientation. This in• 

u elon tion , th t • the sr ins of axiJII. len h t each level 

elongation occur in the hisher portions of the bed. 

Pettij (195?) noted th t the t e rical , all ot r thin 

being equal, will ettl ut b fore tho e of low r phericity that 

the 1 a e eric len sus neion a ter dil!lt ce. 

If traction t e ode of tra ort the op · te will revail bee use 

ains of hi sphericity h Ye a te ency to roll more re dily 1 vill 
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outd1 tanee the ore lar ns in the ime t lo • The e 

ob ervations. th refer , ndie t that in all probabilit1 Yen the 

tops or th b de re t oported in u 

The plot o! sver length nd breadth (D) how rou btly cir­

cul polyson ind catin n correl tion wit the elon tio or with the 

orient tio • 

Th se re...ul.t cor lat clo 17 with tho e of ''pt)tt (1964), 

orientation. 

Further tte ts to cor late the ~eters re seen in fi 

41 and 42. Both et w e t a d rea e in av rage 1n ize upw rd8 

but tbi i not 18ftificant tatiuticall)' . (T le 7A. 95 ). 

at£.nd ll'd deYiatio o the ratio 'o/a tor otb set of aection ow 

• decreas tow th centr o the d. This i dicatee t at t e di ­

ereio of the elon · tion d ini hes tovarcls th centre of the bed; 

su ate better sorting wit r speet to elong tion t the c ntre of the 

bed. 

e deviation ot t Tecto an fr the sole inereo in l 

tow rd the top of th bedt in cit increases to th id . int th n 

r vert ck. 

In figure 42 the p r eters plott d ag inst L. o consistency 

i.e seen in rel tio to th grain siz • Ther is an overall tend nc1 for 

the valu of L to iller • up the b • The centre of b hov diver nee 

fro this pa t vher& tb value of L d crea ea fro 28 to 14 perc nt . 

e result of c are i ee • t with tho e u ated before, i.e. th t 

mini u. diap raion 1 toward t e c ntre of the b d; those of disa e • 



-------

c 

81 

.~ 
;) J
~ 

.E 
•!!! 

. )( 0 

• o 

0 2 -

1 


01 " 
~ 

~ 

~ 1 

N~ ..... ...... ... ........ 
........
N~ ... --· 

N't­ 1

N b 

0 5 10 15 

Height above base of bed in ems. 

\N~ 
0.2 ,."""'

,"' 
<f• "' "' . "' 

-----·"Nc2 / "' 

.IJ~ 0.1 ., 

o.o ~:------......0...----'-----"""' 
0 5 10 15 

Height above base of bed in c.ms. 

90 

.. 

~ 
01 

~ " 
.5 

1 " 45 

E 
...~ 
-~ 
] 
> 

0" 
0 

I 
-~ 

' ' ' ' 
. ' 
N~ ' ­

0 5 10 15 

Height ab<.ve base of bed in ems. 

Fig. 41: 



0 

82 

N'~ 
' " ' ' ~•·' 

-- -~1Nc 

4010 20 30 

0.2 

Jl~ 0.1 
II) 

0.0 

10 20 30 40 

15 

o4 
E 
v 10

.E 

] 
'b 
~ 
0 

Jl 5.. 
> 
0 

Jl 
0 

:c 
-.,~ 
::X: 

L4 

N 3b 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

,."N1c 
/ 

/ 
/ 

..... 
/ 

/ "' 
/ 

.:&·b ,. / 

..... 

<"N1'c 

10 20 30 40 

L'r. 

Fig. 42 



t • nA1~1'ld'l 

ct o of t:L aa 
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4ir t1 t flo oa e bJ t 

t n 4 tio • 

• 41 c'tio of 

llow. It t • 

a lift foi'Ce, r GUl in iclet d 

.. w pr 

. • 

t o t atable . 1\ n l• he ne ti•• e ot attac • 

1IlVIUW,h·•r (1951) nm~otl t exiet in e ­

petta n all.)' o lllbricat1on ta 

ita ~ withater1 vi a ht r yelooi''• 

88D • (195?) um;ur.rtaJ:lT. ill ·r. catio of 

14.2• ~ r t lYe 

t a •• Vart1A re t ricat o 1e 

(195~) kin on the de ita dea ri 

»t"4r40111118llt11 C\U" t 1abr1oati f, r coarser • teria • e 

fineJ' tertals atino l7 eter oor (1960)• 
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to a prtt40AU.IIan .......:..-.L...atio of ;50•. otter t (196}) 

to tato of 89 ptt:r c t ot the1r • 

. ricatio • t f th vtt aver etwee 11• d ao•• 
(1 ) also t a 

ct tl'll.il'tn'P e of Calitomia. 

All C!ll'l.l~Jl' ror the • 

tiact d.•p \Ulifo g;rda o.ri. ntation (.at t • 95 ~r cent leYel) , 

tn the p1 e allel to 41ft • • antte t 111 ric tiou ran f. 

~· to 2.6• ( • 4') ~ ert t1 t determin­

ins the it 

co ld re beat · t t t Oh wei t n t a ple with • ot 

1•br1cat1o of l ?· . 

ght7 r t of the a udi 4 wd aver ricatioa 

t • orizo tal . u •• 

n t c incid t w t 

which the thill • cUo . natio p d 

cun t dir atio tive. irecti of in 

cU.reation 0 t • no tor h aecti 

oho r cent t eoti• 
d1re.otio of ilab c ti • in tm~:>ee1aent vit lt " rte b1 

r (196(>) . 
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43: Grain imbrication in three beds. 



DI ··cuSSlOK 

Priaar.y orientation or elon rtiolea can n rall7 b 

ooiuted wi.th the transportation d d&poditio.n of gratna 1n a fluid 

(GriffithB, 1953) . (1957) theonticallJ de o tl" t d t t elll 

oidal particle are depo ited in a itio ot maxim stability with 

:re ct to the force actin upon the • Schwarzacher (1951) and nak 

(19.57) 	experia ntally d onst te that thi po ition i.a . uoh t at 

tiel o 11 with th ir loftg axea parallel to the dir~ction of tlow, 

di in in «n u urrent direction. 

In 86 of the ectio etudied, in the plan p rallcl to bedding, 

there w no significant paralleli with the ole featur • Spotts (196 ) 

t~a an aYera departure of ~7• t.roa the le arke and interprets his 

re ulta a bei.ng u to d1fterent direction or flow or "erosional and 

de itional tur'bidit,- currents". In the re ent tudy, no singular 

deYiation 1o prominent . Hand (1961) tou.nd two directions to be pro inent; 

one parallel to the flow an th tber, no 81 . e ttribut v this to 

the rate of deposition on tho basis that poor orting indicote r pid 

depo ition. He found that the current-no al ori•ntatio 

in the o&t poorly sort d art of the a diaent bo • Thi suggest 

t at th.e sediment, which in suspeneion 1 current normal, (Rusnak 1957) 

vaa , ediately depo itec.i and no further torceo were c p ble of cting 

on it ill order to ori nt it to positio of tabilit1 with the long 

86 
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exi p r ll l to flow . In the re t tudy the degree of s rtina 

incre se upwa in h be , but not si iticantly so. The rate of 

ae tation is unlikely to be exactlt the e in • y of the beda 

o f if eedi entatio ia slower than th t which educes eurr nt­

o al ori ntation. the forces cting on the rticl will c use the 

tiel to o tain a ition of stability, i . e . parallel to 

the flow. Yet the r te of ed~nt tion ay not be low enough to 

ace mpliah thi t it 1 noted th t tb re 1 • slight tend ncy for the 

up oat rtions of t b d to ori nted or p all l to the 

c rrent . 

~ohw rz cber (1951) not d that th d po 1tio Yelocity of 

the ed1 ent io · ore i.lllporl t th th velocity of the flow. 1'h te 

depo itional velocity i· t to ae th t proporti n of th 

d.epo it d er unit time . tte pted to prov tbis by exper ntal 

dete inutions, assUJ!ling that th t brio 1\mction of the feeclua 

v lo ity. 5e w rz cber stat a that result v ie wid 11, tho gh 

be do not tate bnw or why . the fe d v locit7 in turbidity curre ts 

1 not tr current to curre t, the on this b 

orientation p tte in all the beds . 

~e prob .bilit)' t t tvo current are involved 1n th~ fa tion 

of turbidit d it 1s indicated only b1 o e 4; 1n eo io cut 

within he flute o t an orientation parallel to th t of th 

fluter yet thi ection cut ill he aain body of th$ bed are p r llel 

to groove ca t which h e a iffer nt ori ntation to th t of th 

flutes . This m indicate that the fl te rko were tor ed by oouring 

curr nt th turbidite itself flowed in fro a dift rent direction t 
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a later time . e r bric within the flute d mon trat aecondar.y 

ode p$r&llel to that ot the groov s, ind1<: ting that although the 

depositi:n cu .rent was parallel to the groo"lres , the lin ar ollov ot 

the flute locally i ed . cer ai e ediment . 

uma (1962) exp cte to find oert in set of quenc of 

varying orient t1ons; be peoted tb t ori tatio in be r ded 1nt r-

val would be parall l to the our. nt , no l to the current iJl the 

ripple inter'¥' l in the 1 ate l yer • now ,.,r, 

nowhere could h ob ene this rr ge nt . Al ost all of hi grain 

orientat ion det ina ions were a littl r tlan 90° to th right of 

tho flow , as indicated by sol te turea . Only t o bed , with Bo ' a 

t:ructural e nee et<e toundt ut were not call ot 4 in tt.e pr ent 

studr. herwioe only aded ~ed 1ng nd arallel l were 

obse~ed d coll cted. It is difficult, then . to int rpret t grain 

ori ntat1on here found in th light of Bouma•s equoncea . 



CO c.t.U ION 

Th initial objective of tho tud1 to detorm e ~ th r he 

ain ori ntatio.n, in th pl e of b ddi g, coinoid d with tb.a 

of the sole on the u of turbidite be skill 

orm tion, ~ew !Cor • Of thi e ction from 44 o , 

r !err d orient tion at the 90. l v 1, of wl1ieh o l1 14 di not dev• 

iote signir·cantly fro the sole m • No referential ep rt e fro 

th ole x ted; lfO of t thin tion demonst t an anticlockwi 

evi tion; 60~ were clockwise. The eviation varie up to 90• either 

id f th sole. her 1 light ten e cy tor the axi vi tion 

o occur t th b e ot t e eda an to be at a towar t top. 

Ia ric tio of the ain exi t in the ane n r al t b ddin& 

d p rallel to the direo ion or flow, indio t by the rai ori nt­

ation p rallel to be ding. ig t1 per oont of tb thin ctio atudied 

ow a e.r di of 1.5% to 2.5% tr the horizontal . A the e grtd · 

orient tio in th ot eo oident with the sole rk 

oA t e ba e of t e bed tr vhi h the t in otion were out, the d te.r~ 

in tion ot up d own curre t direction of dip iu so ew at subj otiv • 

db· tion of grain ori nt tion neartet o the direction o the now 

k tor e ch ection was cbo e • o thia. 80 per cent o e det r­

11in tiona had upcurrent direction of imbrication. 

Tb r-e ia no co tnnt rel tion hip betw en the d viation or the 

89 



ain orient tion, in the plane p rallol to b dding, d the height 

above t b e of the bed f which the thin oectio re tudied, 

tendency for devia ion t the aee of th bed . 

xhibit tern of deviation upwards . Si · ti­

cant .....~~.. ot t e vector an w f u.nd ~thi:n o • bed; • econd -

s pled laterally and verticallJ e o ent of he vector 

ean in one v rtic ection, et a secon action out fro the • 

d, 18o c ti otre way ahowd lack ot corral tion at the c ntre. Yet 

noth r ed, ignificant agree ent of the an ain 

ywher within t e bed. 

e bed , po · esain flute d groove c ate on the b e 

v ample vert cally at 3 o • int rv • an grain ri ntation with­

in th flute allel o that etNc;:ture. an a:1n 

orientatio bee all ed allel to the ori nt tio of th ooves. 

oth r be ohowin similar ol te turea di not ow t e bov rel tion­

abi;pu . 

MaxiaWlt srain aiz d lltud. ph rioity deer upwftl'ds in 

the beds . e or elon ate graina were re cloa 11 rel ted to the 

aiD orientatio • 





l) 0 J>~'rA. 

'l'he tati tical ely ori tati in t 1o eotion, 

i th t t ta i cyclic in nature; 

it h a er ~ ot 180 de 

obj ctive 1 th te in tio of the ~v r irect• 

i f' the Th li r io 

a en itiv to th choic , (Jizba, 1 53), i. of 

ol 

ori ce a 41 er ce ia 1 or 

laU.on. ted 

• 

T wor. at 1t 

e v oul t• 

th r Ol\ rbitraey 

er io t he dat ia v n by th vector • 1tuder 

2.
08r• 1 

CW.l~til"lll..lilllWt :t, Of the total 

ezovatione, • gree 

of terre orient tion. 
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U'L1'Sz. 

't.A. 1 

purce ot error t MS 0. 95 

4114.35 2 2.05?. 18 1. 33 6.94 

Col meena 495'+.36 2 2 ??.18 1.60 6.94 

6183.69 4 1545.92 

'total 15252.~ 8 

Analya1 of v..ri ce sults t()r vector eana nine thin aectio a in 

bed o64 4 • 

'rA 

H;y;Egth 1 t cce;et reject t cce2t reJ ct HzEgth sia 

2~N3a • _JAN3b -16.6 X -5.9 X _,# 'a • .)l N a 

f-L N3 • _,u 'c +13.1 X -6. 6 X ?- ~• • _p~a 

p ~a • .P~ -11.5 X ...o.88 X .P 'b • _p~b 

)-< ~ 1:1 _p~o -3.8 X +7.6 X .J-L N~ ~trb 
p H! • /-' lb +4.) X -1?.9 X .P 'o • _?~C 
jJ. rr-b • .fA re -8.8 • -4.5 X _,u xZc • _).J (-c 

The rejection r gio that t e two po ul tio ve th 

-1.996 ~ t ~ +1 . 96 
! - te t on the vector eans of ni e thin ectiona in be4 D64 4 • 

93 


http:495'+.36
http:2.05?.18


't E3A 

ree of error oS df ., 
"o.95 

712.16 2 356.o8 o.Zl. 6.94 

8?5.52 2 4}7.?6 00.26 6.94 

6755.24 '+ 16?7. 81 

Tot 8,342. 92 8 

aly of v iance for diep ion of nine thi ectio 1n ed D64 4N. 

T 4AI 

rc 	 of error s t F0.95 

178,5. 08 2 . 92. 54 1.9 19.0 

32 .54 1 }28.54 o.n 200.0 

idual 962. 62 2 46}. 31 

otal 	 3Qlf0.24 5 

Analysis of variance tor Yeotor e in bed 064 3 • 

5A 

Rwt!l!sia t acce2t r ~ ct !!:fpgtheai t cc !!t reJect 

2 	 •,)A A3 • _pA a 8.56 X ~ 3•• )-' .a.'b -o.68 
1 2,P A2 )A A a -12.16 X _p Aa • .fl .a.l1, -7.69 

1
.P A3b • j.iA~ 1. 21 	 )A A1 • /'A 1 . 81 X 

_)A 	A~ • _,uA
1b 1.9 Jt 

t - te t on vector a in d D64 3A.-

X 

http:3Qlf0.24
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!Jlegthesia cce;et re~oc~
~ 

/' 	2• •_r A~ ..0.67 X 

1 1 
X/ Aa•/ Ab -1.98 

:;, l 
/ 

A..,• )--' A a 0.99 • 
-o. 24A2 ·rA~/ 

- teat. on v tol' 	 D 64 lOA. 

TAHL. 74 

41 0.95 

0 . 28.2 2 o. 4-1 8.29 19.0 

o.oes 1 0.085 s.oo 18.5 

idual 0.035 2 o. l? 

otal o.402 5 

lGie ol v re ult.a air.i 1 e (avera e) in n tiona 
tl D64 41. 
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8A 

1n ction L 'X2 thi 
(c . ) 

G. V •• 
dB 171..3 1.3 ,1. 9 17.1 •• 4.0 46. 

G. V ••4 
dC 72..1 22.9 • 11.7 2. .7 .s • 4.5 60.0 

• 4 
Dl 16}.1 1,3.1 c U .9 3.6 . ,.-; . '·' 21 . 0 

Be D2 

l>3 

2.0? .1 

188. 9 

5?.1 c 

·9 c 

14. 27 

14.6 

3. 4 

5.1 

• • 

• 
4.5 

. ,5 

21 . 0 

2.1 . 0 

62. 1 

D5 

1}9.1 

16~;.6 

60.4 

10. 9 

15. 6 

28 . 0 c 

2_5 . 1 

.50·3 

35. '78 

1.2. 9 

46. 9 

25. 9 

•• 
•• 

6. 5 

9.0 

3.1 

21 . 0 

a .o 

-
62 2 163•.5 55.2 c 16. 2 5.?3 • 4. 5 -­
6.2;5Jl 

62 'J2 

62 'J} 

62 ' J4 

62 3 

165. 

35. 9 

lltO. O 

u.;.o 

126.7 

2. 0 a 

Jl . l a 

?';. c 

'ta.o o 

66.7 Q 

.1 

16.6 

35.3 

2.3. 5 

22.9S 

6.18 

6. 9 

25.1 

12.3 

11. 04 

•• 

•• 
• 

•• 

•• 

z.o 
10.0 

18. 0 

26.0 

-

2:7 .0 

2:/ .0 

2?.0 

Z? .O 

.... 
62} L 12'· ' 28. ) c 18.18 6. 94 •• 2.5 5·5 

62 3 Ul 

62 '02 

79· ' 

173. 

3.5 .62 a 

58.2 0 

11.5? 

21 . 9 

1.86 

8. 92 

• • 

•• 
4.0 

6.0 

17. 0 

17. 0 

62 4 

62 5 A.3 

6}.8 

39•.5 

46. 2 a 

40 .. 5 a 

21. 0 

39.6 

8.2 

28.8 

•• 
•• 

-
-­ 1?.. 5 

625 10.1 .5.1 49.1 39·9 •• 2.0 5.0 

62 .5 D1 3(). 2 5.2 a ,s.o 26.5 • -­ 12. 5 



9? 

( ont• ) 

otion & L xz thic 
(c . ) 

• 

62 ' J>2 22. 5 12.5 a 22.4 10. 8 •• - 12. 5 

62 6 A 34.6 6. b. z.o6 o.oz N . ~. --
627 1?6.7 .? c 13.87 3-93 .... . -
62 8 ];l 151.6 6. 6 :u.? 18.9 • - ..... 
62 9 A 90.9 35· 9 c 38.4 }1 . 4 •• 2.5 4.0 

62 9 139.0 1 .05 0 
2 · ' 

13. •• 

62 10 lC e8 64. c 23. u .4 •• - 40.0 

62 10 112.} 2. 3 e }}.18 20 .84 •• 2.0 6o.o 

62 ll A 126.0 51· 0 c 11. 9 3. 4 N. b. 1.0 3(). 0 

62 11 37. 4 • a 5. 29 0. 98 • • - 45.0 

62 11 c 175·5 85.5 0 2.9 -?l? 1?. 4 •• z.o 60.0 

62 ll D ) . 2 66.8 a 26.8 14. 5 •• 2.0 32.0 

62 ll :r 5. 6 24. 3 a 19. ? ?. 4 •• 1.0 27.0 

62 11 12. 3 62.13 • 28. 4 
l · ' 

• 4.0 45.0 

6211 J 34. 48 !59.52 a 11.57 1. 86 u.s. } . 0 42. 5 

D64 2 c' 202. ? 64 . 3 • 18.5 6.5 •• ,,.o 6o.o 

D64 2 clb 15!}. 90.0 9. 01 2. 0? • • 18.0 60.0 

D64 2 clc 219. ;5 ' . • 18. ?6 ?. 65 •• 14.0 6o.o 

64 2. D1 a 22. 2 60.8 , .669 .69 .s. 1. 5 ?:;.o 

D64 2 D2 62. 20. 6 a 29. 2!5 11.62 •• s.o ?5.0 

D64 2 ~ tine tor tho ri t . 22.5 75.0 

D64 3 A l 89.0 23. 0 0 34.2 22. 9 •• 4.0 180.0 

64 3 AJ 19. 3 46.7 30. 9 19.8 •• 7.3 .0 180.0 

--



r· 8A (cont• ) 

D l"i tio L x2. • a v 
tro the ale a • of bed 

D6 3 '· 72.. 0 6.0 c 15.? '+ .?6 • 124.0 180.0 

D64 'A
1 79.0 14. 0 c ~.o 2 . l •• }.0 18o.O 

4 3 A~ 68 .4 }. 4 0 13.69 ) . 46 .s. 59.0 180.0 

D64' 'b ?6. ) 11. } 0 20.3 11. 59 •• 110. 0 1Bo. o 

D6lt 114.} 26. } )1 . 49 22.08 •• ) . 5 15.0 

D644 • 2}.7 !)6. } 4 2).6 11. 45 •• s.o 15.0 

64 4 ,.2. 74.1 5·9 • • 30. 35 •• 9·5 15. 0 

D644 '· ,S. 7 42.7 a ,,.? 59·52 •• 13. 5 15.0 

W. 4 N1 98.6 18. 6 0 27. 89 15. 40 }.0 15.0 

D6 4 :A, l 4. 2 64.2 34.7 24.?5 •• 9.0 15.0 

D64 4 3 1:58. 9 58.9 0 36. 9 2.4 . 4 •• 14.0 1,5.0 

D64 4 140.0 60.0 0 1,.a .O? .a. a.o 15.0 

4 2.0 167.1 86. 9 c 3?.9 25. 4 •• · .5 1.5.0 

D644 }0 6o .2 19.8 }2.0 22.7 •• 14.0 15.0 

D64 7 A1 a 11}.} 7.} 0 29. ) 16.6 •• 1 .0 -
D64 7 lb )2. 4 71.6 • 10. 6 2. 2 N.S. 1.0 -­
D6l+ 8 1..1a 186.9 1.9 c 18. 49 4.8.5 • 2.5 -­
D6'+ 9 A1 a 63.7 :n .3 a 28. 9 16. 5 •• '+ .5 22.0 

D64 9 A2 a 47. 3 48. 7 • ,,. 28 .8 •• 12.0 22.0 

D649 ' 88.6 6.4 a 11. 86 2. 7 .. :~ . 20.0 22.0 

D64 9 cla 45.3 29.7 • 12.0 }. 4 N. • 19.0 2,5. 0 

:o6At 9 c2a 92. 6 1?.6 c 25.6 1.3. 6 •• 4.0 25.0 

D64 9 c3a 88.1 1.'·1 0 11. 42 }.4 .s. 12. 0 25.0 
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8 (co t'd) 

Thin eectio viat on L xa d thio ee 
fro t o1 b ( . ) 

D 10 A
1 339., 39.3 c 17.7 '· • 4.0 1 .o 

D64 10 A2a 333.8 ''· c 24.01 10.5 •• 13.0 14.0 

64 10 ~ 32 • 2 • c 43. 5 36.'7 •• 4.5 14.0 

D64 10 A2 330.1 )O. l 0 ,?.0 26.9 •• 13.0 14.0 

D64 12 A1 a 157.1 ?1.1 .. 28.0 13. 7 •• 1.0 -
1'>64 12 A2 a )29. 5 6}. 4 c 4.6 0. 78 .;a. 4.0 -
D64 13 A

1a 28. 2 ,S.2 c 8.02 1. 29 C'• • -
D64 14 A1a 203.2 . 2 a 10.42 z.os • • }.0 19.0 

D641 A2a 3.5. 9 ?.1 10. 52 1.98 N.s. ?.0 19.0 

D6l+ 14 '· 39. 7 83. 3 13.03 2.64 N.s. 1).0 19.0 

D64 15 A1 a 

6lt 15 a 
) 
) 
) 

'roo t e for the -
D64 15 A 131. 9 6 .1 a 6. 2. o. 2 N.s. 2.5 -
D64 15 A~ 14 .,5 47.5 a 9. ~46 2. . 3:!>7 N. S. 5. 5 -
Z>6 16 A1a 186.1 7-· ·9. 3 .9 2,5.9 •• 4.0 -
D64 16 A2 201 .3 63. 7 a 23.0 ,4,.9 •• 7.5 -­
D64 17 A1a 8?.1 - 1 .1 6.59 •• 1.0 12.0 

D64 17 A
2 a 90.3 ·­ 1.5.5 4.66<) •• 4.00 12.0 

D64 1? A3a 342.6 - 25.3 11.11 •• ?.00 12.0 

D64 17 A
4 a 220. 2 - 22.1 10. 4 •• 10. 00 12. 0 

• i icat ' ign1f1c c at the 90 l vel. 

•• indio te t t 9516 1 v 1. 



aaaett, D. A. Wal o, E. • • 1960, T e 'elln ' e it : C br1 

e"'V ckee in the St. dwal'a P nin ula, • Wales; uart. Jour. 

ol. Soc. do , v. 116, PP• 85 - 110. 


rry, w. l •• , 1962, onaUo d a of the Cob gticok , 

epklll ormanakill ale ; ol . c. • 1,., v.73, 


P• 695 - ?18• 


• • , 1962, S iee tolo o om 1 ch Deposit ; iv1er• b11sbing 	Co., terd , P.P• 168. 

Crowell, 	J.c., 1958, Sole ~arl ine o ~aded g)~ eke : a diecuseion; 
J • ' l. t •• 66, PP• }33 • }:;,5. 

rray, J . 	 • , 1956, 'l'be Analy ie of ' o D eMional Orientation ata; 
J . ol., v. 6 , PP• 117 - l • 

D pple , 	E.c., d ~ in er, J . •• 1954, 0 !entation analy&i ot fine 
grain d cla tic ent : a re rt r pro reea; J . teel ., 
• • 53, PP• 246 - 361. 

Dixon, .J., and s 1• F. J ., 19511 Introduotioo to Stati tical 
McGr v R1ll Co., New York. 

Dzul ld, .)• • and .,andera, J .E., 1962, Cu re t ar o f otto ; 
Tr • Conn oticut cad. of rt· snd ~cienee, v. 42, P.P• 5?- 96. 

Hand, • •• 1961, ain ori ntetio 1 turbi ite ; The Comp or .i a 
a ilon, V. 38, PP• 133 - 1 • 

Jizb , ~.v., 19;3, e n and tandard evi tion of ce t olo ical d ta1 
a discua 1 ; 1~. Jour . uoi . , v. 2511 p • 99 • 906. 

tein, F.P. H. YI., 1954• Graded b ddin 1n the Ba.rl.ch •i Ph.D. ,..h ai, 
Uni r ity of ningen (quoted tr Pettijo ) . 

ue n, 	 -rkin on srad~d 

u el , w. •• 1948, Ma d cha otor o errore produc d b7 eh pe 

f ctora in otok • Law eetimat o p rticle r diu i J . Applied 

PbJ co, v. 191 PP• 1056 - 1058• 


Me ride, 	E.r. , 1962• y c ciate beds of the artinab 1 o tion; 
J. t-ed. Pe ?' v. }2, PP• 39- 91 . 

100 

http:Ba.rl.ch
http:F.P.H.YI


•• 

101 

iz 
tio 

nd ricit7 1 ~ 
; J . Bed. e ., v. 

artz gr in t o 
32, p • 725- 742. 

d ton , .v. , l tics Notes, ter iver it7. 

dalet , . v. , 1 65, 
lb , e Tor 

Ostl • a., 1962, Stati atics i ; Iowa St te Un v. Pr sa., P• 258. 

p ttij t F.J. , 195?, Se i o tar,y 1 2nd. ed., 6W York, r 
PP• 718. 

' tter, •• ,and Iettijohn F.J., 1963, nl eo rrent d in 

earle o ee n • , w Yor• • 


Al d their 'faxono c 
Jo. 49, PP• 114. 

•• 1909, o cf inli r ob rv d in ew York; w lor St te 
• 1., 133, PP• 164 • 193. 

ed 	 • R., 19421 olegy of the Ca kill d K art r.o 'ill u d­
reagle 1 Port 1, C ri and ·r ovician olo of the Catakill 
..............·...·31• i .Y. -.>tate s . 11.,. o. 331, :P• 24? . 

ckl..in, • • unteren ehollealk de •a rl de ; 
nc 94 - 11 • 

9571 orient tion o in d r conditio of 
ir ction tt tluid t1 w; J .. v. 65, P• 36~ • 4o9. 

Schwar ac er , w., 19511 a1n ori t tion in s and • d ton J J . Sed. 
·et., v. 21, PP• 162 - l?Z. 

Sest1J11 , 	 l 65, :orr 1 tio of • 1 ntary fabric and 
indic tor i turbid1tent J . ed . P t. , v. 21, 

orientatio tudi of turb1 ite 
Th n1a, 1CM te.r Univer itJ, PP• 9? 

S tt , J .H. , 196'+, Craia orie-ntation <~ i ri. tion i J.tiooene turbidity 
c r nt a _ ton , Calito ia1 J . ed. Pet . v . 3~, PP• 229 - 253. 

potts , J •• , 4 • •• , 1964, proportie o! tiocene 

t rbidite; in a, A. K. d o er, A. , ( de . ) rbidite ; 

ev • in ., v. }, PP• 199 - 2 1; • Yor , l evier. 




102 

V er , J . N., Middl ton, •v., 1961, C'.eoohemiGtry ot tb 'turbidites of 
the NQ snsk!ll en<l Cbarny Fomatio (l and II); r;eoch •ica 
et Co5mochimiaa Act.-, v • 22 t PP• 200 • 288. 

Wood, A. , and Smith, , .J. , 1958, The $ oimentat ion d edim6ntary h!Gtory 
ot t h er.J&twyth Grite, (Upper Ll doverian); ~.J.G. J . ndon, 
v. 114, PP• 163 • 196. 

Woodland , A.w., 19'8• £l$tro1ogical etudieA'l in the ilarlech Grit 8or1ea of 
lterionethahi r e·; l . M g., v . ?5, :P• ,:566 ... 382, 4li().454, 
529 - 5}<). 


